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Abstract
BACKGROUND
Diabetic retinopathy (DR) separately has been noted as a major public health
problem worldwide as well. Currently, many studies have demonstrated an
association between diabetic nephropathy and DR in type 1 diabetes mellitus
(T1DM) patients, but this association is less strong in T2DM. The evidence for an
association between renal function and DR and visual impairment among T2DM
patients is limited, particularly in the Asian population.

AIM
To assess the association between glomerular filtration rate (GFR) and DR, severe
DR, and severe visual impairment among T2DM patients in Thailand.

METHODS
We conducted a nationwide cross-sectional study based on the DM/HT study of
the Medical Research Network of the Consortium of Thai Medical Schools. This
study evaluated adult T2DM patients from 831 public hospitals in Thailand in the
year 2013. GFR was categorized into ≥ 90, 60-89, 30-59 and < 30 mL/min/1.73 m2.
The association between GFR and DR, severe DR, and severe visual impairment
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were assessed using multivariate logistic regression.

RESULTS
A total of 13192 T2DM patients with available GFR were included in the analysis.
The mean GFR was 66.9 ± 25.8 mL/min/1.73 m2. The prevalence of DR,
proliferative DR, diabetic macular edema, and severe visual impairment were
12.4%, 1.8%, 0.2%, and 2.1%, respectively. Patients with GFR of 60-89, 30-59 and <
30 mL/min/1.73 m2 were significantly associated with increased DR and severe
DR when compared with patients with GFR of ≥ 90 mL/min/1.73 m2. In addition,
increased severe visual impairment was associated with GFR 30-59 and < 30
mL/min/1.73 m2.

CONCLUSION
Decreased GFR was independently associated with increased DR, severe DR, and
severe visual impairment. GFR should be monitored in diabetic patients for DR
awareness and prevention.

Key words: Diabetic retinopathy; Visual impairment; Glomerular filtration rate; Type 2
diabetes

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Currently, the associations of renal function with diabetic retinopathy (DR), its
severity, and severe visual impairment in type 2 diabetes mellitus (DM) are inconclusive,
especially in the Asian population. In this study, we conducted a nationwide cross-
sectional study based on the DM/HT study of the Medical Research Network of the
Consortium of Thai Medical Schools. We demonstrated that decreased glomerular
filtration rate (GFR) was independently associated with increased DR, severe DR, and
severe visual impairment. GFR should be monitored in diabetic patients for DR
awareness and prevention.

Citation: Kaewput W, Thongprayoon C, Rangsin R, Ruangkanchanasetr P, Mao MA,
Cheungpasitporn W. Associations of renal function with diabetic retinopathy and visual
impairment in type 2 diabetes: A multicenter nationwide cross-sectional study. World J
Nephrol 2019; 8(2): 33-43
URL: https://www.wjgnet.com/2220-6124/full/v8/i2/33.htm
DOI: https://dx.doi.org/10.5527/wjn.v8.i2.33

INTRODUCTION
Type 2 diabetes mellitus (DM) is a common chronic disease worldwide[1] that poses a
major crisis in the global health system[2]. The associated morbidity and mortality can
be  caused  by  the  disease  itself  or  its  complications.  Severe  and  not  uncommon
complications include chronic kidney disease (CKD) and diabetic retinopathy (DR).
DR separately has been noted as a major public health problem worldwide as well[3,4].
The  associated  problems  include  disability,  increased  healthcare  costs,  and
socioeconomic burdens[5-8].

Currently,  many  studies  have  demonstrated  an  association  between  diabetic
nephropathy and DR in T1DM patients, but this association is less strong in T2DM[9,10].
Hence, currently the associations of renal function with DR, its severity, and severe
visual  impairment  vision  in  T2DM  are  inconclusive[11],  especially  in  the  Asian
population[12,13].  If  such  an  association  of  renal  function  with  DR  and  visual
impairment existed, it would provide further support to the importance for regular
monitoring of glomerular filtration rate (GFR) in T2DM patients.  Furthermore, it
would motivate future research on whether more intensive monitoring of T2DM
patients may allow earlier detection and prevention of DR and visual impairment.
Visual impairment secondary to DR can be corrected if early sight threatening disease
is detected and treated with laser photocoagulation.

This study was thus aimed to determine whether such an association between GFR
with DR and visual impairment exists, and if so the prevalence and magnitude of this
association.
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MATERIALS AND METHODS

Study design and population
This was a nationwide, multi-center, cross-sectional study in Thailand via secondary
analysis of  the DM/HT dataset in 2013[14].  This dataset  was a nationwide survey
conducted annually  in  Thailand to  evaluate  the  status  of  medical  care  in  T2DM
patients who visited the public hospitals of the Thai Ministry of Public Health and the
clinics in the Thailand National  Health Security Office’s  program. The inclusion
criteria  of  this  DM/HT survey consisted of  T2DM patients  aged ≥ 35 years  who
received regular medical care in the targeted hospitals and clinics (n = 831) for at least
12 mo. Patients who received care at  primary care units outside of Bangkok and
university hospitals were excluded from the study. A two-stage stratified cluster
sampling method was used to select a nationally and provincially representative
sample of T2DM patients in Thailand. The first stage of sample collection consisted of
the provinces that constituted 77 strata. The second stage of sample collection was the
hospitals’ levels in each province, which were stratified into 5 strata according to the
size of the hospital. These 5 strata were regional (> 500 beds), provincial (200-500
beds),  large community (80-120 beds),  medium community (60 beds),  and small
community (10-30 beds) hospitals.  All  regional  (n  = 25),  provincial  (n  = 70),  and
community (n = 736) hospitals were included. Of 736 community hospitals, 10%, 20%,
and 70% were large, medium and small community hospitals, respectively. For the
objectives of this study to assess the association between GFR and DR and visual
impairment, we included only patients with available eye examination data in the
analysis.

All patients were recruited from the outpatient clinic. Written informed consent
was obtained from patients before enrolment. This study was approved by both the
Institutional Review Board of the Royal Thai Army Medical Department and the
Ethical Review Committee for Research in Human Subjects, the Ministry of Public
Health of  Thailand.  Well-trained research nurses  reviewed medical  records and
collected data into a case record form. Data entry into the case record form was then
transferred to the central data management of the Medical Research Network of the
Consortium of Thai Medical Schools to adjudicate that the process of data collection
was  compiled  according  to  study  protocol.  The  data  management  team  was
responsible for inquiries to study sites to verify data. Site monitoring was randomly
performed in approximately 10% of study sites. This study was conducted by the
Strengthening the Reporting of Observational Studies in Epidemiology[15].

Data collection
Clinical characteristics, demographic information, medication, and laboratory data
were collected using manual data retrieval from the medical record as described
above. The laboratory data consisted of the 12 mo results prior to the consent process.
GFR was estimated based on age, sex, race and the most recent creatinine using the
Chronic Kidney Disease Epidemiology Collaboration equation[16]. Primary outcome
was the diagnosis of DR. DR was diagnosed by ophthalmologists and was identified
by ICD10 codes H36.0x. The technique for eye examination was fundus photography
by digital camera with interpretation performed by ophthalmologists. The diagnosis
of  DR was then stratified into:  (1)  non-proliferative DR; (2)  proliferative DR; (3)
diabetic macular edema; and (4) non-specific DR. Non-specific DR were defined as
DR without available staging data in the medical record. Severe DR was defined as
both proliferative DR and macular edema. Visual impairment was based on visual
acuity  (VA)  exam as  documented by  physicians.  Severe  visual  impairment  was
defined  as  a  VA  exam  that  consisted  of  “counting  fingers”,  “hand  motions”,
“projection of light” and “no light perception”.

Statistical analysis
Continuous  variables  were  presented as  mean ±  SD.  Categorical  variables  were
presented as  count  with  percentage.  Clinical  characteristics  and outcomes  were
compared among different estimated GFR (eGFR) group, using analysis of variance
for continuous variables and the chi-square test for categorical variables. eGFR was
categorized into 4 groups; ≥ 90, 60-89, 30-59 and < 30 mL/min/1.73 m2. GFR of ≥ 90
mL/min/1.73  m2  was  selected  as  the  reference  group.  Univariate  and  then
multivariate logistic regression analysis, adjusting for priori-defined variables, was
performed to assess the independent association between GFR and DR, severe DR
(proliferative DR and macular edema), and severe visual impairment. Odds ratio (OR)
with 95% confidence interval (CI) was reported. The adjusted variables were age, sex,
smoking, waist circumference, duration of diabetes, comorbidities and medications.
Comorbidities were hypertension, coronary artery disease, stroke, and peripheral
artery disease. Medications were metformin, sulfonylurea, insulin, and antiplatelet
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medication. A P-value < 0.05 was considered statistically significant. All statistical
analyses were performed using SPSS version 22 (SPSS,  Inc.,  Chicago,  IL,  United
States).

RESULTS

Baseline characteristics
A total of 13192 adult T2DM patients with available GFR and eye examination data
from  Thailand  public  hospitals  were  included  in  this  analysis.  The  clinical
characteristics are summarized in Table 1. The mean age was 60.7 ± 10.3 years, and
30.4% were male. The mean diabetic duration was 7.4 ± 4.8 years. The mean eGFR was
67.4  ±  25.7  mL/min/1.73  m2.  Patients  with  lower  GFR were  significantly  older,
female, had longer diabetic duration, higher prevalence of hypertension, coronary
artery  disease,  stroke,  peripheral  artery  disease;  and  higher  medication  use  of
antiplatelets and insulin compared to patients with higher GFR. Lower GFR was
additionally  associated  with  lower  smoking  rates,  waist  circumference  and
medication use of metformin and sulfonylureas (Table 1).

The prevalence of all DR, non-proliferative DR, proliferative DR, diabetic macular
edema,  and severe  visual  impairment  were  12.4%,  10.0%,  1.8%,  0.2%,  and 2.1%,
respectively (Table 2).

The association between GFR and DR
The prevalence of DR was 9.5%, 11.0%, 14.1%, and 20.9% in patients with GFR of ≥ 90,
60-89, 30-59 and < 30 mL/min/1.73 m2, respectively (P < 0.001) (Table 2). In adjusted
analysis,  GFR of 60-89, 30-59 and < 30 mL/min/1.73 m2  were associated with an
increased OR of 1.36 (95%CI: 1.12-1.65), 2.08 (95%CI: 1.70-2.55), and 2.38 (95%CI: 1.79-
3.18), respectively, for DR (Table 3).

The association between GFR and severe DR
The prevalence of proliferative DR was 1.1%, 1.3%, 2.2%, and 5.2% in patients with
GFR of ≥ 90, 60-89, 30-59 and < 30 mL/min/1.73 m2, respectively (P < 0.001) (Table 2).
The prevalence of diabetic macular edema was 0.0%, 0.2%, 0.2%, and 0.4% in patients
with GFR of ≥ 90, 60-89, 30-59 and < 30 mL/min/1.73 m2,  respectively (P  < 0.06)
(Table  2).  The  prevalence  of  severe  DR defined as  proliferative  DR with  severe
macular edema was 1.1%, 1.4%, 2.3%, and 5.5% in patients with GFR of ≥ 90, 60-89, 30-
59 and < 30 mL/min/1.73 m2, respectively (P < 0.001) (Table 2). In adjusted analysis,
GFR of 60-89, 30-59 and < 30 mL/min/1.73 m2 was associated with an increased OR of
1.95  (95%CI:  1.14-3.33),  2.82  (95%CI:  1.61-4.93),  and  4.89  (95%CI:  2.47-9.67),
respectively for severe DR (Table 4).

The association between GFR and severe visual impairment
The  prevalence  of  severe  visual  impairment  was  0.8%,  1.5%,  3.2%,  and  4.8% in
patients with GFR of ≥ 90, 60-89, 30-59 and < 30 mL/min/1.73 m2, respectively (P <
0.001) (Table 2). In adjusted analysis, GFR of 30-59 and < 30 mL/min/1.73 m2 was
associated with an increased OR of 2.06 (95%CI: 1.22-3.46), and 2.50 (95%CI: 1.31-4.76),
respectively for severe visual impairment (Table 4).

DISCUSSION
Analysis  of  the  baseline  patient  characteristics  showed  that  a  lower  GFR  was
associated with lower smoking rates,  waist circumference and medication use of
metformin and sulfonylureas. This finding could be explained by medical providers’
intervention  to  slow  the  GFR  decline  in  Thailand  by  recommending  smoking
cessation  and  weight  reduction  in  the  obese,  or  perhaps  by  the  anorexia  and
associated reduced caloric intake in patients with advanced CKD and uremia. The
decrease in metformin and sulfonylureas usage may reflect discontinuation of the
medication  as  age  progresses  or  from  concerns  for  increased  risk  with  renal
impairment.

Prevalence of DR, severe DR (proliferative DR and macular edema) and severe
visual impairment
Available prior studies have reported an overall prevalence of DR in Thailand ranging
between  13.6%-31.2%[17,18],  and  they  mostly  involved  non-proliferative  DR.  The
previous results varied slightly according to the study setting and diagnostic criteria.
Among the studies that used clinical fundoscopy, the prevalence of DR ranged from
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Table 1  Baseline characteristics n (%)

Characteristics All
eGFR (mL/min/1.73 m2)

P-value
≥ 90 60-89 30-59 < 30

N 13192 2979 (22.6) 4870 (36.9) 4397 (33.3) 946 (7.2)

Age (yr), mean ± SD 60.7 ± 10.3 54.1 ± 8.5 59.4 ± 9.6 65.4 ± 9.2 66.0 ± 10.0 < 0.001

Male 4012 (30.4) 860 (28.9) 1587 (32.6) 1303 (29.6) 262 (27.7) < 0.001

Duration of diabetes (yr), mean ± SD 7.4 ± 4.8 6.1 ± 4.1 7.0 ± 4.5 8.3 ± 5.1 9.1 ± 5.4 < 0.001

Waist circumference (cm), mean ± SD 88.6 ± 10.4 88.9 ± 10.6 88.7 ± 10.3 88.5 ± 10.3 87.4 ± 101.6 < 0.01

Hypertension 9741 (73.8) 1935 (65.0) 3466 (71.2) 3575 (81.3) 765 (80.9) < 0.001

Smoking 467 (3.5) 127 (4.3) 203 (4.2) 117 (2.7) 20 (2.1) < 0.001

CAD 621 (4.7) 76 (2.6) 205 (4.2) 269 (6.1) 71 (7.5) < 0.001

CVD 273 (2.1) 42 (1.4) 94 (1.9) 104 (2.4) 33 (3.5) < 0.001

PAD 24 (0.2) 5 (0.2) 5 (0.1) 8 (0.2) 6 (0.6) < 0.01

Antiplatelets 8067 (61.4) 1569 (52.9) 2974 (61.3) 2923 (66.8) 601 (64.0) < 0.001

Metformin 9756 (74.0) 2592 (87.0) 4066 (83.5) 2894 (65.8) 204 (21.6) < 0.001

Sulfonylurea 8751 (66.3) 2070 (69.5) 3460 (71.0) 2882 (65.5) 339 (35.8) < 0.001

Insulin 2866 (21.7) 493 (16.5) 765 (15.7) 1050 (23.9) 558 (59.0) < 0.001

eGFR: Estimated glomerular filtration rate; CAD: Coronary artery diseases; CVD: Cerebrovascular diseases; PAD: Peripheral artery disease.

12.2%-37%[19,20]. Among the studies that used fundus photography, the prevalence of
DR ranged from 10.1%-48.1%[21-24]. In newly diagnosed diabetes, the prevalence of DR
ranged from 1.5%-28.6%[25]. Generally, the prevalence of DR at diagnosis of T1DM is
reported low between 0-3% while those with newly diagnosed T2DM have a higher
prevalence of DR 6.7%-30.2%[26]. In this study, the lower prevalence of DR, severe DR
and severe visual impairment in Thailand found may be due to multiple reasons:
limited access to ophthalmologists, inclusion of earlier diabetic cases, use of different
diagnostic criteria, limitations in the technique of eye examination (such as the images
produced were two-dimensional unlike the three-dimensional from indirect binocular
ophthalmoscopy or the lower magnification and image clarity compared to indirect
ophthalmoscopy),  and exclusion  of  primary  care  units  and university  hospitals
patients. The care for patients in university hospitals might be different from other
public hospitals as these patients’ medical conditions were likely more complicated.
The tertiary and university hospitals may also possess greater availability of medical
experts that allow a more comprehensive diagnosis and thus capture of these patients
of interest. In public hospitals, this may have led to underdiagnosis of DR patients,
resulting in the lower prevalence described.

The association between GFR and DR, severe DR and severe visual impairment
The present study showed that eGFR by using the CKD-EPI formula is independently
associated  with  DR  in  adult  T2DM  patients.  This  study’s  results  are  similar  to
previous reports from non-Asian ethnicity; Penno et al[27] and Grunwald et al[28] studies,
which found an independent inverse correlation between eGFR and DR. We found
that patients with impaired renal function also were associated with an increased
likelihood of DR compared to patients with normal renal function. The pathogenesis
of  DR  and  nephropathy  is  due  to  microvascular  disease.  Prior  studies  have
demonstrated that DR and DN have a common pathological basis[29] and a similar
course of elucidation. Hyperglycemia causes glomerular hyper perfusion leading to
an increase in GFR during the early stages of T2DM[30]. The accumulation of advanced
glycation  end  products  (AGEs)  due  to  hyperglycemia  also  promotes  mesangial
proliferation and basement membrane thickening in the glomerulus. Furthermore,
multiple pathways such as the activation of the polyol,  the protein kinase C, the
pentose phosphate[31], oxidative stress, and various cytokines can cause a range of
kidney  pathology,  which  includes  capillary  obstruction,  reduction  of  podocyte
proliferation,  podocyte  death,  and  urinary  protein  loss.  These  can  lead  to  a
subsequent  decline  in  renal  function.  The  pathophysiology  is  similar  to  those
observed in the retina. Hyperglycemia produces deleterious effects on the retina, such
as apoptosis of Muller cells, ganglion cells[32], and pericytes; thickening of the capillary
basement membrane, and proliferation of endothelial cells in the retina. These effects
lead to the pathological changes in DR and threaten a patient’s vision. Therefore, GFR
not only may be an important clinical marker for DN, but could be correlated with
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Table 2  Prevalence and severity of diabetic retinopathy stratified by estimated glomerular
filtration rate level (mL/min/1.73 m2) n (%)

Outcomes All
eGFR (mL/min/1.73 m2)

P-value
≥ 90 60-89 30-59 < 30

DR 1636 (12.4) 284 (9.5) 534 (11.0) 620 (14.1) 198 (20.9) < 0.001

Non-proliferative DR 1313 (10.0) 242 (8.1) 438 (9.0) 498 (11.3) 135 (14.3) < 0.001

Proliferative DR 240 (1.8) 33 (1.1) 63 (1.3) 95 (2.2) 49 (5.2) < 0.001

Diabetic macular edema 21 (0.2) 1 (0.0) 8 (0.2) 8 (0.2) 4 (0.4) 0.06

Non-specific DR 84 (0.6) 9 (0.3) 33 (0.7) 27 (0.6) 15 (1.6) < 0.001

Severe DR 258 (2.0) 34 (1.1) 70 (1.4) 102 (2.3) 52 (5.5) < 0.001

Severe visual impairment 281 (2.1) 24 (0.8) 72 (1.5) 140 (3.2) 45 (4.8) < 0.001

Counting finger 138 (1.0) 7 (0.2) 43 (0.9) 72 (1.6) 16 (1.7) < 0.001

Hand movement 77 (0.6) 10 (0.3) 17 (0.3) 35 (0.8) 15 (1.6) < 0.001

Projection of light 14 (0.1) 0 (0) 5 (0.1) 6 (0.1) 3 (0.3) 0.06

No light perception 56 (0.4) 7 (0.2) 8 (0.2) 30 (0.7) 11 (1.2) < 0.001

DR: Diabetic retinopathy; eGFR: Estimated glomerular filtration rate.

DR[33]. It is worth noting that the prior studies that demonstrated a lack of significant
independent  association  between  eGFR  and  DR  in  T2DM  (Chen  et  al[12]  and
Sabanayagam  et  al[13])  were  conducted  among  participants  of  Asian  ethnicity.
Contrarily,  Penno et  al[27]  and Grunwald et  al[28]  studies had reported an “inverse
correlation between eGFR and DR” in a study population of non-Asian ethnicity. Our
study is the first study that has shown a significant independent inverse correlation
between eGFR and DR in Asian patients, and thus opposes the possibility of ethnic
differences as previously suggested in the prior available literature[11,34].

This  current  study  showed  an  association  of  GFR  with  severe  stages  of  DR.
Moreover, even patients with mild to moderate impaired renal function were more
likely to have severe stages of DR compared to patients with normal renal function.
This study’s results are similar to Man et al[11], Pugliese et al[35] and Penno et al[27] studies
which  demonstrated  an  association  of  GFR  with  severe  DR.  This  association  is
potentially  due  to  a  shared  common  pathogenesis  as  described  above.  These
phenomena further confirm a likely causative relationship as strength of association
and biologic gradient. The current study also showed the association of GFR by using
CKD-EPI formula and severe visual impairment in T2DM patients. Moreover, patients
with CKD also were more likely to  have severe visual  impairment  compared to
patients with normal renal function. The likelihood of severe visual impairment was
higher with increasing severity of  CKD in diabetic  patients.  The current  study’s
results are similar to Wong et al[36]. This could also be explained by shared common
risk factors for ocular and kidney disease [T2DM, age, smoking, hypertension (HTN),
dyslipidemia and obesity] and shared common pathogenic mechanisms of sight-
threatening conditions (any retinopathy and cataract) that are also present in persons
with diabetes and CKD such as accumulation of AGEs[37-40], vitamin D deficiency[41],
and vascular endothelial growth factor driven angiogenesis[42,43].

Strengths
The present study provides information from a large nationwide multicenter study
consisting  of  adult  T2DM Thailand  patients.  The  study  measures  severe  visual
impairment by using a semi-quantitative clinical scale composed of bedside testing,
which is easy to perform in the community setting. Our analysis for an association
between eGFR and DR utilized a multiple logistic regression model that included
several possible confounders such as age,  gender,  smoking, waist  circumference,
duration of diabetes, comorbidities and medications. Comorbidities consisted of HTN,
coronary artery diseases, cerebrovascular diseases and peripheral artery disease. In
the  final  model  adjustment,  medications  adjusted  for  included  sulfonylurea,
metformin, insulin, and antiplatelets. Lastly, use of the CKD-EPI eGFR formula is
applicable to real-world practice for renal function evaluation in Thailand. The CKD-
EPI creatinine equation is also arguably superior to the Cockcroft-Gault formula[44]

and the Modification of Diet in Renal Disease Study equation[45] and could replace
them for routine clinical use.

Limitations
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Table 3  Association of estimated glomerular filtration rate level and diabetic retinopathy

eGFR (mL/min/1.73m2) Crude OR 95%CI P-value Adjusted OR1 95%CI P-value

≥ 90 1 (reference) 1 (reference)

60-89 1.17 1.01-1.36 0.04 1.36 1.12-1.65 < 0.01

30-59 1.56 1.34-1.81 < 0.001 2.08 1.70-2.55 < 0.001

< 30 2.51 2.06-3.06 < 0.001 2.38 1.79-3.18 < 0.001

1Adjusted for age, gender, duration of diabetes, waist circumference, hypertension, smoking, coronary artery
diseases, cerebrovascular diseases, peripheral artery disease, antiplatelet, metformin, sulfonylurea, and
insulin. eGFR: Estimated glomerular filtration rate.

The limitations of this study include the following. First, the study population does
not include patients from university hospitals. Consequently, the prevalence of DR
may be significantly underestimated as noted above. Second, data collection was
performed using a retrospective medical record review; therefore, incomplete data
records with missing diagnoses cannot be verified. Third, this study measured severe
visual impairment by using the semi-quantitative clinical scale.  Variations in the
technique for eye examinations may be confounding factors. Fourth, this study did
not classify causes of visual impairment such as cataract, glaucoma and age-related
macular degeneration[42,46]. Finally, urine albumin values from the parent dataset were
assessed in markedly different laboratory methods, such as urine dipstick, 24 h urine
protein measurement, and timed urine protein collection. Furthermore, some urine
albumin values were missing. Accordingly, we did not include this variable in the
analytic model. Several reports have demonstrated however that urine albumin is an
independent association with DR in diabetic patients[12].

Implication
The eGFR by using CKD-EPI formula should be additionally utilized for monitoring
risk  for  DR,  severe  DR  and  severe  visual  impairment  in  T2DM  patients.  The
importance of timely and frequent eye screening in T2DM and CKD patients cannot
be over-emphasized. The early intervention to preserve renal function and adequate
control of diabetes is keys to the reduction of ocular disease and prevent irreversible
visual loss.

In conclusion, renal function was independently associated with DR, severe DR and
severe visual impairment in T2DM patients. Renal function by eGFR should be closely
monitored in T2DM patients as it may provide the clinician an additional risk marker
to earlier detect, prevent and treat DR. Further studies are needed to demonstrate
whether this will translate to improved clinical outcomes.
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Table 4  Subgroup analysis comparing the association of estimated glomerular filtration rate level with severe diabetic retinopathy and
severe visual impairment

eGFR (mL/min/1.73 m2) Crude OR 95%CI P-value Adjusted OR1 95%CI P-value

Proliferative diabetic retinopathy and macular edema

≥ 90 1 (reference) 1 (reference)

60-89 1.26 0.84-1.91 0.27 1.95 1.14-3.33 0.02

30-59 2.06 1.39-3.04 < 0.001 2.82 1.61-4.93 < 0.001

< 30 5.04 3.25-7.81 < 0.001 4.89 2.47-9.67 < 0.001

Severe visual impairment

≥ 90 1 (reference) 1 (reference)

60-89 1.85 1.16-2.94 0.01 1.07 0.62-1.82 0.81

30-59 4.05 2.62-6.26 < 0.001 2.06 1.22-3.46 < 0.01

< 30 6.15 3.73-10.15 < 0.001 2.50 1.31-4.76 < 0.01

1Adjusted for age, gender, duration of diabetes, waist circumference, hypertension, smoking, coronary artery diseases, cerebrovascular diseases, peripheral
artery disease, antiplatelet, metformin, sulfonylurea, and insulin. eGFR: Estimated glomerular filtration rate.

ARTICLE HIGHLIGHTS
Research background
The evidence for an association of renal function with diabetic retinopathy (DR) and visual
impairment among type 2 diabetes mellitus (T2DM) patients is limited, particularly in the Asian
population.  Currently,  many  studies  have  demonstrated  an  association  between  diabetic
nephropathy and DR in T1DM patients, but this association is less strong in T2DM. This study
aimed to assess the association between glomerular filtration rate (GFR) and DR, severe DR, and
severe visual impairment among T2DM patients in Thailand.

Research motivation
If such an association of renal function with DR and visual impairment existed, it would provide
further support to the importance for regular monitoring of GFR in T2DM patients. Furthermore,
it would motivate future research on whether more intensive monitoring of T2DM patients may
allow  earlier  detection  and  prevention  of  DR  and  visual  impairment.  Visual  impairment
secondary to DR can be corrected if early sight threatening disease is detected and treated with
laser photocoagulation. To further investigate the association between GFR and DR, severe DR,
and severe visual impairment were assessed using multivariate logistic regression, the authors
conducted a  nationwide cross-sectional  study based on the  DM/HT study of  the  Medical
Research Network of the Consortium of Thai Medical Schools.

Research objectives
We conducted this study to determine whether such an association between GFR with DR and
visual impairment exists, and if so the prevalence and magnitude of this association.

Research methods
We conducted a nationwide cross-sectional study based on the DM/HT study of the Medical
Research Network of the Consortium of Thai Medical Schools. This study evaluated adult T2DM
patients from 831 public hospitals in Thailand in the year 2013. GFR was categorized into ≥ 90,
60-89, 30-59 and < 30 mL/min/1.73 m2. The association between GFR and DR, severe DR, and
severe visual impairment were assessed using multivariate logistic regression.

Research results
In this study, a total of 13192 T2DM patients with available GFR were included in the analysis.
The mean GFR was 66.9  ±  25.8  mL/min/1.73  m2.  The prevalence  of  DR,  proliferative  DR,
diabetic  macular  edema,  and severe  visual  impairment  were  12.4%,  1.8%,  0.2%,  and 2.1%,
respectively. Patients with GFR of 60-89, 30-59 and < 30 mL/min/1.73 m2 were significantly
associated with increased DR and severe DR when compared with patients with GFR of ≥ 90
mL/min/1.73 m2. In addition, increased severe visual impairment was associated with GFR 30-
59 and < 30 mL/min/1.73 m2.

Research conclusions
We found that decreased GFR was independently associated with increased DR, severe DR, and
severe visual impairment. GFR should be monitored in diabetic patients for DR awareness and
prevention.

Research perspectives
This study demonstrated significantly associations of decreased GFR with increased DR, severe
DR, and severe visual impairment among diabetic patients. This finding suggests the importance
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of timely and frequent eye screening in T2DM and CKD patients cannot be over-emphasized.
The early intervention to preserve renal function and adequate control of diabetes is keys to the
reduction of ocular disease and prevent irreversible visual loss.
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