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ABSTRACT
Background
Diabetic retinopathy (DR) and diabetic nephropathy (DN) are major microvascular complications of type 2
diabetes mellitus (T2DM) that share common pathogenic mechanisms. However, progression of retinal and renal
disease may not always occur in parallel, creating discordance between disease severity and clinical
manifestations. This study evaluated the association between DR and DN and identified systemic risk factors
associated with proliferative diabetic retinopathy (PDR) and end-stage renal disease (ESRD).
Materials and Methods
This retrospective case—control study included 200 patients with T2DM, categorized into mild nephropathy
(n=100) and ESRD (n=100) groups. Comprehensive ophthalmic examination was performed to classify
retinopathy as mild non-proliferative diabetic retinopathy (NPDR) or PDR. Clinical, biochemical, and renal
parameters were recorded. Univariate and multivariate logistic regression analyses were used to identify predictors
of PDR and ESRD.
Results
Patients with ESRD had significantly longer diabetes duration, higher systolic blood pressure, elevated serum
creatinine levels, lower estimated glomerular filtration rate (¢GFR), and lower hemoglobin levels compared with
patients with mild nephropathy (p<0.05). Patients with PDR were younger and demonstrated significantly higher
blood pressure, serum creatinine, and urine albumin-to-creatinine ratio, along with lower eGFR values (p<0.001).
Multivariate analysis identified younger age (OR=0.96, p=0.004), higher systolic blood pressure (OR=1.03,
p=0.013), elevated serum creatinine (OR=1.28, p<0.001), albuminuria (OR=4.12, p<0.001), and Hispanic
ethnicity (OR=3.08, p=0.002) as independent predictors of PDR. For ESRD, lower HbAlc (OR=0.58, p=0.012)
and higher serum creatinine (OR=198.46, p<0.001) were significant independent predictors.
Conclusion
Diabetic retinopathy and diabetic nephropathy demonstrated a strong association, with renal dysfunction and
albuminuria significantly contributing to the risk of proliferative retinopathy. Serum creatinine emerged as the
strongest predictor of ESRD. These findings support integrated retinal and renal surveillance in patients with long-
standing T2DM to facilitate early detection and management of advanced microvascular complications.
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or both. The global prevalence of type 2 diabetes

INTRODUCTION mellitus (T2DM) has increased substantially over
Diabetes mellitus is a chronic metabolic disorder recent decades, making it a major public health
characterized by persistent hyperglycemia resulting concern. Long-standing diabetes is associated with
from impaired insulin secretion, insulin resistance, numerous microvascular complications, particularly
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diabetic retinopathy (DR) and diabetic nephropathy
(DN), which contribute significantly to morbidity,
disability, and healthcare expenditure. -2

Diabetic retinopathy remains one of the leading
causes of preventable blindness among working-age
adults worldwide. The progression from mild non-
proliferative diabetic retinopathy (NPDR) to
proliferative diabetic retinopathy (PDR) reflects
worsening microvascular damage caused by chronic
hyperglycemia  and  associated  metabolic
abnormalities.®> Several systemic factors, including
hypertension, dyslipidemia, duration of diabetes,
and renal dysfunction, have been implicated in the
development and progression of diabetic
retinopathy.*

Diabetic nephropathy represents one of the most
serious complications of diabetes and is a major
cause of chronic kidney disease (CKD) and end-
stage renal disease (ESRD). The coexistence of
diabetic retinopathy and nephropathy suggests
shared  pathogenic = mechanisms  involving
endothelial dysfunction, inflammation, oxidative
stress, and microvascular injury. Identification of
factors associated with these complications may
facilitate earlier intervention and improved patient
outcomes.*’

Understanding the relationship between retinal and
renal microvascular complications is clinically
important because retinal examination may provide
insight into systemic vascular damage.® ® Therefore,
this study was conducted to evaluate the association
between diabetic retinopathy and diabetic
nephropathy in patients with type 2 diabetes mellitus
and to identify systemic risk factors associated with
progression to proliferative diabetic retinopathy and
end-stage renal disease.

MATERIALS AND METHODS

This retrospective case—control study was conducted
using data obtained from the Cerner PowerChart
electronic medical record system of a tertiary care
academic health center. Patients diagnosed with type
2 diabetes mellitus and documented diabetic
nephropathy and/or diabetic retinopathy were
screened for eligibility. A total of 200 patients
fulfilling the inclusion criteria were enrolled.
Patients were categorized into two groups: those
with end-stage renal disease (ESRD) and those with
mild nephropathy. Retinopathy status was assessed
through comprehensive ophthalmological
evaluation, including visual acuity assessment, slit-
lamp biomicroscopy, indirect ophthalmoscopy,
fundus photography, and optical coherence
tomography. Based on retinal findings, subjects
were classified as having mild non-proliferative
diabetic retinopathy (NPDR) or proliferative
diabetic retinopathy (PDR). Clinical and laboratory
parameters including age, sex, duration of diabetes,

glycated hemoglobin (HbAlc), body mass index
(BMI), blood pressure, lipid profile, serum
creatinine, estimated glomerular filtration rate
(eGFR), albuminuria, hemoglobin, and medication
history were recorded. Statistical analysis was
performed using SPSS software. Continuous
variables were expressed as mean + standard
deviation and compared using Student's t-test, while
categorical variables were analyzed using Chi-
square tests. Logistic regression analyses were
performed to identify independent predictors of
PDR and ESRD. A p-value <0.05 was considered
statistically significant.

RESULTS

The mean age was comparable between the two
groups (59.3 vs. 61.8 years; p=0.48). Patients with
ESRD demonstrated significantly lower HbAlc
levels than those with mild nephropathy (7.12% vs.
8.96%; p<0.001). The duration of diabetes was
significantly longer among ESRD patients (25.1 vs.
19.7 years; p=0.021). Systolic blood pressure was
markedly elevated in the ESRD group (145.7 vs.
129.3 mmHg; p<0.001). Renal function parameters
showed substantial differences, with significantly
higher serum creatinine levels (5.8 vs. 1.1 mg/dL;
p<0.001) and lower eGFR values (17.3 vs. 73.2
mL/min/1.73m?;, p<0.001) among ESRD patients.
Hemoglobin levels were significantly reduced in the
ESRD group (11.2 vs. 13.9 g/dL; p<0.001), whereas
BMI did not differ significantly between the groups
(p=0.29). Patients with PDR were significantly
younger than those with mild NPDR (60.5 vs. 66.2
years; p=0.001). Although HbAlc levels were
slightly higher in the PDR group, the difference was
not statistically significant (8.28% vs. 8.09%;
p=0.36). Both systolic and diastolic blood pressures
were significantly elevated among patients with
PDR (140.9 vs. 133.5 mmHg and 73.1 vs. 69.8
mmHg, respectively). Markers of renal dysfunction
were significantly worse in the PDR group, with
higher serum creatinine levels (3.62 vs. 1.68 mg/dL;
p<0.001), lower eGFR wvalues (39.4 vs. 65.8
mL/min/1.73m?; p<0.001), and markedly increased
urine albumin-to-creatinine ratios (1795 vs. 468
mg/g; p<0.001), indicating a strong association
between advanced retinopathy and nephropathy
severity. Longer duration of diabetes was associated
with an increased likelihood of ESRD (OR=1.04,
95% CI: 1.01-1.08; p=0.021). Elevated systolic
blood pressure (OR=1.05, p<0.001), higher serum
creatinine levels (OR=18.92, p<0.001), increased
urine protein excretion (OR=1.12, p=0.018), and
elevated urine  albumin-to-creatinine  ratio
(OR=1.31, p<0.001) were all significant risk factors
for ESRD. In contrast, higher hemoglobin levels
(OR=0.78, p<0.001) and hematocrit values
(OR=0.94, p=0.009) were inversely associated with
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ESRD, suggesting a protective effect. Additionally,
ACE inhibitor use was associated with a
significantly lower risk of ESRD (OR=0.42,
p=0.001). For PDR, increasing age was found to be
protective (OR=0.96, 95% CI: 0.93-0.99; p=0.004),
while higher systolic blood pressure (OR=1.03,
p=0.013), elevated serum creatinine levels
(OR=1.28, p<0.001), and the presence of
albuminuria (OR=4.12, p<0.001) significantly
increased the risk of developing PDR. Hispanic
ethnicity was also independently associated with a
higher likelihood of PDR (OR=3.08, p=0.002). For
ESRD, lower HbAlc levels were independently
associated with disease status (OR=0.58, p=0.012),
whereas serum creatinine emerged as the strongest
predictor of ESRD, demonstrating an exceptionally
high odds ratio (OR=198.46, 95% CI: 24.85->999;
p<0.001). These findings highlight the significant
contribution of renal dysfunction and albuminuria to
the progression of diabetic microvascular
complications.

Table 1. Baseline Characteristics of Mild
Nephropathy and ESRD Patients (n=200)

Variable Mild ESRD | P-
Nephropat | (n=10 | value
hy (n=100) | 0)

Age (years) 59.3 61.8 0.48

HbAlc (%) 8.96 7.12 <0.001
*

Duration of | 19.7 25.1 0.021*

Diabetes

(years)

BMI (kg/m?) 31.3 30.1 0.29

SBP (mmHg) 129.3 145.7 | <0.001
sk

Serum 1.1 5.8 <0.001

Creatinine *

(mg/dL)

eGFR 73.2 17.3 <0.001

(mL/min/1.73 *

m?)

Hemoglobin 13.9 11.2 <0.001

(g/dL) *

*: Significant

Table 2. Comparison of Retinopathy Severity in
ESRD and Mild Nephropathy Cohorts (n=200)

Variable Mild PDR P-value
NPD | (n=122
R )
(n=78
)
Age (years) 66.2 60.5 0.001*
HbAlc (%) 8.09 8.28 0.36
SBP (mmHg) 133.5 | 140.9 <0.001
%
DBP (mmHg) 69.8 73.1 0.002*

Serum Creatinine | 1.68 3.62 <0.001
(mg/dL) *
eGFR 65.8 394 <0.001
(mL/min/1.73m?) *
Urine 468 1795 <0.001
Albumin/Creatinin *

e Ratio (mg/g)

Table 3. Significant Factors Associated with ESRD
on Univariate Analysis

Variable Odds | 95% P-value
Ratio | CI
(OR)

Duration of | 1.04 1.01- | 0.021*

Diabetes 1.08

Systolic Blood | 1.05 1.03— | <0.001*

Pressure 1.08

Serum Creatinine 18.92 | 9.65— | <0.001*
37.10

Urine Protein 1.12 1.02— | 0.018*
1.24

Urine 1.31 1.18- | <0.001%*

Albumin/Creatinine 1.47

Ratio

Hemoglobin 0.78 0.69— | <0.001*
0.88

Hematocrit 0.94 0.90- | 0.009*
0.98

ACE Inhibitor Use | 0.42 0.24— | 0.001*
0.72

*: Significant

Table 4. Multivariate Logistic Regression Analysis

Variable Odds 95% CI | P-value
Ratio
(OR)

Predictors of PDR

Age (years) 0.96 0.93— 0.004*
0.99

SBP (mmHg) | 1.03 1.01- 0.013*
1.05

Serum 1.28 1.12— <0.001*

Creatinine 1.46

(mg/dL)

Albuminuria | 4.12 1.96— <0.001*
8.66

Hispanic 3.08 1.52— 0.002*

Ethnicity 6.22

Predictors of ESRD

HbAlc (%) 0.58 0.38— 0.012%*
0.89

Serum 198.46 24.85— <0.001*

Creatinine >999

(mg/dL)

DISCUSSION
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Diabetic retinopathy (DR) is one of the most
common microvascular complications of diabetes
mellitus and a leading cause of preventable visual
impairment worldwide. Despite advances in
screening and treatment, many patients remain
unaware of the presence and severity of their retinal
disease. A significant discordance often exists
between the clinical severity of diabetic retinopathy
and patients' perception of their ocular health.
Individuals with advanced retinal changes may
remain asymptomatic until vision-threatening
complications develop. This lack of awareness can
delay  timely ophthalmic  evaluation and
intervention, resulting in poorer visual outcomes.
Understanding the gap between disease severity and
patient awareness is essential for improving
screening adherence, patient education, and early
detection strategies in diabetic retinopathy.® 10

In the present study, among 200 patients, age and
BMI were comparable between the mild
nephropathy and ESRD groups. ESRD patients had
significantly lower HbAlc levels, longer diabetes
duration, higher systolic blood pressure, elevated
serum creatinine, lower eGFR, and reduced
hemoglobin levels compared with those with mild
nephropathy (all p<0.05). Patients with PDR were
significantly younger and had higher systolic and
diastolic blood pressures than those with mild
NPDR. They also exhibited significantly worse
renal function, characterized by higher serum
creatinine levels, lower eGFR, and markedly
elevated urine albumin-to-creatinine ratios (all
p<0.001), whereas HbAlc levels were comparable
between groups. Fitzgerald et al. conducted a case—
control study to evaluate the concordance between
diabetic retinopathy (DR) and diabetic nephropathy
(DN) severity in patients with type 2 diabetes. The
study included 164 patients with end-stage renal
disease (ESRD) and 165 patients with mild
nephropathy. Retinopathy status was assessed by
dilated fundus examination, and systemic
parameters were obtained from medical records. The
prevalence of proliferative diabetic retinopathy
(PDR) was higher in the ESRD group (65%) than in
the mild DN group (38%). ESRD was significantly
associated with lower HbAlc levels and higher
systolic blood pressure. Within the ESRD cohort,
PDR was linked to younger age, increased blood
pressure, higher LDL levels, elevated serum
creatinine, and albuminuria, whereas HbAlc
showed no significant  association. ~PDR
demonstrated limited utility as a screening marker
for chronic kidney disease.!! Perais et al. conducted
a systematic review and meta-analysis of 59
longitudinal studies involving patients with type 1
and type 2 diabetes to identify prognostic factors
associated with progression to proliferative diabetic
retinopathy (PDR). Markers of renal dysfunction,

including nephropathy and elevated serum
creatinine, were also associated with an increased
risk of disease progression. Additional risk factors
included younger age at diabetes diagnosis, higher
triglyceride levels, and larger retinal venular
diameters, particularly among patients with type 1
diabetes. In contrast, diabetes duration, blood
pressure, lipid fractions, gender, ethnicity, body
mass index, socioeconomic status, and tobacco or
alcohol use showed no consistent association with
PDR development. The authors concluded that poor
glycemic control, advanced retinopathy, and renal
impairment are key predictors of progression to
PDR, emphasizing the importance of early detection
and optimal metabolic control to reduce the risk of
vision-threatening complications.'?

In the present study, on univariate analysis, longer
diabetes duration, elevated systolic blood pressure,
increased serum creatinine, urine protein, and urine
albumin-to-creatinine ratio were significantly
associated with ESRD, while higher hemoglobin,
hematocrit, and ACE inhibitor use were protective
factors. Multivariate analysis identified younger
age, higher systolic blood pressure, elevated serum
creatinine, albuminuria, and Hispanic ethnicity as
independent predictors of PDR. For ESRD, lower
HbAlc and higher serum creatinine remained
independent predictors, with serum creatinine
demonstrating the strongest association with disease
progression. Song et al. conducted a 3-year
retrospective cohort study involving 604 patients
with type 2 diabetes mellitus to evaluate differences
in risk factors associated with the progression of
diabetic retinopathy (DR) and diabetic nephropathy
(DN). During follow-up, 67 patients showed DR
progression and 34 demonstrated DN progression.
Patients with DR progression had significantly
higher mean HbAlc levels, and average glycemic
control emerged as an independent predictor of
worsening retinopathy. In contrast, patients with DN
progression exhibited greater HbAlc variability,
higher baseline urine albumin-to-creatinine ratios,
and elevated triglyceride-to-HDL cholesterol ratios.
Glycemic variability and dyslipidemia were
identified as independent predictors of nephropathy
progression. The authors concluded that the
determinants of DR and DN progression differ, with
sustained hyperglycemia being more strongly
associated with retinopathy progression, whereas
glycemic fluctuations and lipid abnormalities play a
greater role in  nephropathy  progression,
highlighting a discordance in the mechanisms
underlying these diabetic microvascular
complications.'3

CONCLUSION
Diabetic nephropathy and diabetic retinopathy
demonstrated a strong clinical association, with
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albuminuria, elevated serum creatinine, and higher
systolic blood pressure emerging as significant
predictors of proliferative diabetic retinopathy.
Serum creatinine was the strongest independent
predictor of end-stage renal disease, highlighting the
importance of integrated retinal and renal
assessment in patients with long-standing type 2
diabetes mellitus.
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