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Introduction

Worldwide Diabetic nephropathy (DN) is considered as a leading 
cause of  chronic renal failure and it is also estimated that nearly 
20 % of  the patients with Type 2 Diabetes Mellitus (T2DM) 
reach End Stage Renal Disease (ESRD) during their lifetime [1]. 
DN is the significant long term complication with respect to 
morbidity and mortality for the patients with diabetes. Estimated 
glomerular filtration rate (eGFR) is traditionally considered as the 
best marker for overall function of  the kidney and is therefore 
used to classify patients into different stages of  Chronic Kidney 

Disease (CKD). Earlier studies have emphasized the importance 
of  albuminuria, in predicting the outcomes and it is a key marker 
for kidney damage due to glomerular permselectivity barrier [2, 
3]. The Kidney Disease Outcomes Quality Initiative (KDOQI) 
classification of  CKD was based only on the eGFR [4]. The 
realization that albuminuria is an independent predictor for end 
stage renal disease and cardiovascular mortality and morbidity, 
leads to the inclusion of  the categories of  albuminuria in the new 
classification scheme. The new classification of  CKD, Kidney 
Disease Improving Global Outcome (KDIGO) guideline is based 
on both eGFR and albuminuria category [5].
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In the south Indian population the prevalence of  macroalbuminuria 
and microalbuminuria was 6.9%, and 2.5% respectively [6]. Among 
T2DM patients the common micro vascular complications are 
DN, diabetic neuropathy and Diabetic Retinopathy (DR) [7]. In 
India, data on the prevalence of  DR among general population 
was limited. All Type 1 Diabetes children and two third of  T2DM 
patients were expected to develop DR over a period of  time [8-10]. 
A population-based study in India showed that the prevalence of  
overt nephropathy and microalbuminuria was 2.2 and 26.9% [11]. 
A recent Indian study showed, 21.7% prevalence of  DR among 
T2DM [12]. The prevalence of  DR among diabetic population 
in rural South India was 10.5% [13] and urban Chennai was 
17.6% [14]. Earlier studies showed high prevalence of  proteinuria 
among patients with proliferative retinopathy [15] and further it 
was also reported that DR is more severe in patients with severe 
DN. Overt albuminuria in the T2DM appears to be a powerful 
predictor of  DR [16]. 

KDIGO based CKD classification depends on eGFR and 
albuminuria categories, which provides the major prognostic 
information, and also influences the treatment plan. Both 
albuminuria and eGFR provides independent information on 
the progression of  the risk of  CKD, cardiovascular disease 
and mortality. Different colour codes in KDIGO classification, 
indicates the risk based on the degree of  albuminuria and the 
levels of  eGFR. Earlier studies showed that there exist a close 
relationship between the development and the progression of  
DR and DN. However there is a paucity of  data which highlights 
the relationship between these two complications using KDIGO 
classification [17] among Indian T2DM population. Against this 
background, this cross sectional study was aimed to stratify the 
renal risk using eGFR and albuminuria based on Kidney Disease 
Improving Global Outcome (KDIGO) classification and its 
association with the degree of  DR among people with Type 2 
Diabetes in South India.

Research Design and Methods

The cross sectional study was conducted among T2DM patients, 
who attended the outpatient Diabetes clinic during the study 
period of  June 2015 to November 2015 in a tertiary care hospital 
in India. All patients included in the study had undergone Fundus 
Photography (FFP) and Fundus Fluorescent Angiography (FFA) 
in certain cases decided by the ophthalmologist for DR as a part 
of  their diabetes work up and eGFR and albumin creatinine ratio 
for assessing renal function. The study population included all 
patients aged above 25 years and were screened for laboratory 
investigations, medications, demographic and anthropometric 
details. All the subjects were on treatment with oral hypoglycemic 
agents, some were on insulin, and few were known hypertensive’s 
and were on antihypertensive medication. Patients with Type 
1 Diabetes and gestational diabetes and those with incomplete 
laboratory data were excluded from the study. 

Demographic, anthropometric details such as age, gender, 
duration of  diabetes, family history of  diabetes were recorded. 
Body Mass Index (BMI) was calculated. Biochemical parameters 
such as fasting and postprandial glucose, HbA1c, lipid profile, 
urea, creatinine, urinary protein and urinary albumin values were 
recorded. All biochemical parameters were estimated using BS400 

biochemistry auto analyzer, HbA1c was measured using HPLC 
method using variant turbo equipment (Bio-Rad). Creatinine 
was estimated by Jaffe’s kinetic method, urinary albumin was 
estimated by immunoturbidimetric procedure. Urinary protein 
was determined using pyrogallol method.

The eGFR was calculated based on CKD - EPI equation, which 
gives the best estimation of  GFR. This equation was developed 
in 2009 [18] and intended to be more generalizable across various 
clinical settings. The CKD-EPI equation expressed as a single 
equation as:

eGFR= 141 × min ((Scr/к), 1)α × max((Scr/к), 1)-1.209 × 0.993Age 
× 1.018 [if  female] × 1.159 [if  black]

Study population was grouped into Low Risk (LR) (Green 
colour), Moderate Risk (MR) (Yellow colour), High Risk (HR) 
(orange colour) and Very High Risk (VHR) (red colour) categories 
according to KDIGO classification, based on eGFR and urinary 
albumin values. LR includes, A1G1, A1G2, MR includes A1G3a, 
A2G1, A2G2, HR includes A1G3b, A2G3a, A3G1, A3G2, VHR 
includes, A1G4, A1G5, A2G3b, A2G4, A2G5, A3G3a, A3G3b, 
A3G4, A3G5 accordingly (5) (cf. Figure 1).

Through trained ophthalmologist retinal examination was 
performed in all patients who were included in the study. Fundus 
Photography was taken to document DR followed by FFA to 
confirm findings in those cases as advised by the ophthalmologist. 
Classification of  DR was based on evidence based approach 
of  Early Treatment Diabetic Retinopathy Study (ETDRS) 
[19]. Retinopathy was classified as non-proliferative (NPDR) 
(microaneurysms, intra-retinal hemorrhages, hard exudates 
without new vessels) or proliferative (PDR) (newly formed blood 
vessels and/or growth of  fibrous tissue into the vitreous cavity 
or scars of  photocoagulation). Subjects were divided into groups 
based on the severity of  DR as Mild NPDR, Moderate NPDR, 
Severe NPDR, early PDR and High risk PDR. The study was 
approved by the Institutional Research committee.

Statistical Methods

Data was analyzed using SPSS (version 16.0, Illinois, USA) 
software. Mean and standard deviation for continuous variables 
and percentages for categorical variables are reported accordingly. 
Chi-square test, ANOVA or t-test were performed as applicable 
for comparing the variables between different groups, and a P 
value < 0.05 was considered to be statistically significant. To 
measure the association of  the ordinal variables (Severity of  DR 
and different study groups [LR, MR, HR and VHR] based on 
KDIGO classification), Kendall's tau-c correlation coefficient test 
was performed to show the probability of  concordance minus the 
probability of  discordance pairs.

Results

A total of  3426 (M: F, 2193:1233) patients were included in the 
study with mean age of  52.7 years and mean duration of  diabetes 
of  13.8 years. A total of  3426 subjects were grouped into LR, MR, 
HR and VHR according to eGFR value and albuminuria based on 
KDIGO classification. Among the study population 61.4% were 
in LR group [A1 G1 - 25.16%; A1G2 - 36.22%]; followed by 17.2 
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% in MR [A2G1 - 4.87% ; A2G2 - 8.61%; A1G3a - 3.70%]; 14.3% 
in HR [A3G1 - 3.76%; A3G2 - 7.85%; A2G3a - 2.072; A1G3b 
- 0.58%] and 7.2% in VHR [A3G3a - 2.86%; A2G3b - 0.81%; 
A3G3b - 1.92% ; A1G4 - 0.145; A2G4 -0.08% ; A3G4 - 0.93%; 
A1G5 - 0; A2G5 - 0; A3G5 - 0.379%] group respectively.

Table 1 shows the demographic, anthropometric and clinical details 
of  the study groups as per the grades of  KDIGO classification. 
Among these four groups (LR, MR, HR, VHR), significant 
difference was observed in age, duration of  diabetes, systolic and 
diastolic blood pressure, HbA1c, urea, creatinine, eGFR, LDL 
chol, HDL chol, TG and Total Chol levels. When comparing the 
MR vs HR group Statistical significance (p<0.001) was observed 
in DM duration, HbA1c, Urea, eGFR and TG respectively. In 
comparing HR vs VHR groups significant difference (p<0.001) 
was observed in age, BMI, duration of  diabetes, systolic BP, 
HbA1c, Urea, creatinine, eGFR, LDL Chol, HDL Chol, TG 
and Total cholesterol. There was a significant decreasing trend 
in eGFR with increase in the risk category (LR [87 ± 14.19]; MR 
[81 ± 17.78]; HR [78 ± 18.11] and VHR [41 ± 13.81]) (Table 1). 

Out of  3426 patients, 27.3% (n = 936) had Diabetic Retinopathy. 
As the severity of  the DR increased, the levels of  creatinine, urea 
increased and eGFR reduced gradually. Likewise, as the severity 
of  the DR increases, the number of  patients decreased with 
decreasing eGFR (Table 2). Significant statistical association was 
observed between different degrees of  KDIGO risk categories 
and different degrees of  DR such as mild NPDR (P<0.001), 
severe NPDR (P<0.004), early PDR (P<0.012) and high risk 
PDR (P<0.001) respectively (Table 3). In LR category majority 
of  the patients had mild NPDR, whereas in MR, HR and VHR 
category majority of  the patients had moderate NPDR. As the 
renal risk category increased the presence of  PDR also increased. 
The Kendall’s tau (0.0212), showed significant (P<0.001) 
concordance between DR and diabetic nephropathy based on 
KDIGO classification; suggests that there is a significant positive 
association between different degrees of  DR and different stages 
of  CKD based on KDIGO classification. Thus the findings 
highlighted that there was a significant association between the 
different degrees of  DR with the degree of  CKD based on 
KDIGO classification.

Discussion & Conclusion

Diabetes mellitus is the commonest metabolic disorder and 
its prevalence is high in India. It is evident that the patients 
with diabetes are at the high risk of  developing diabetic micro 
vascular complications [20]. Few studies show the association 
of  Diabetic nephropathy and DR among T2DM and the 
severity of  renal impairment is associated with the severity of  
DR [21, 22]. Progression of  retinopathy and development of  
nephropathy, both increases the risk for incidence of  each other 
[23]. The current study findings showed an association between 
the different degrees of  DR and different degree of  Diabetic 
nephropathy based on KDIGO classification in south Indian 
T2DM population. 

HbA1c level was higher in HR group when compared to other 
groups, similar finding was found in the earlier studies, which 
highlighted that the risk of  progression of  nephropathy increases 
significantly with HbA1c variability [24, 25]. It was reported 
that approximately one fifth of  the people with diabetes are 
affected by multiple complications and the frequency increases 
with increasing age and duration of  diabetes [26, 27]. The study 
subjects in the present study were older with long duration of  
diabetes, implying that increased age and diabetes duration were 
responsible for the development of  the DR and nephropathy 
complication. 

Evidence suggests a strong correlation between DR and DN, and 
a potential role for DR in predicting DN among T2DM patients 
with renal disease [28, 29]. T2DM patients with proliferative 
DR more often showed renal involvement, such as urinary 
albumin excretion [30]. In the study population the mean eGFR 
was found to be decreased significantly with increasing severity 
of  DR, which is in line with the previous studies. However the 
present study findings were based on KDIGO classification, 
whereas the findings of  the earlier studies were not based on the 
KDIGO classification. Furthermore unlike other studies CKD-
EPI formula was used to calculate the eGFR. Thus the findings 
highlighted that there was a significant association between the 
different degrees of  Diabetic retinopathy with the degree of  
CKD based on KDIGO classification and the declining eGFR 
was also found to be associated with the different stages of  DR. 

Figure 1. Kidney Disease Improving Global Outcome (KDIGO) classification [5].
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Table 1. Demographic, Anthropometric, hemodynamic and biochemical details of  the study groups based on the KDIGO 
classification.

Variables LR
(n= 2103)

MR 
(n=589)

HR
(n=489)

VHR
(n=245)

Gender M:F 1332:771 370:219 341:148 150:95
Age (years) 51 ± 10.4 52 ± 10.9 *** 52 ± 10.3* 59 ± 7.9***

BMI (Kg/m2) 26.8 ± 4.7 26.1± 4.5** 26.1 ± 4.1** 26.8 ± 4.8 
Diabetes Duration (years) 12.8 ± 6 13.4 ± 6.1** 14.5 ± 4.1 *** 15.2 ± 5.1 ***

Systolic BP (mmHg) 126.6 ± 16.3 139.8 ± 18.6 *** 143.1 ± 21.4 *** 145.4 ± 20.5***
Diastolic BP (mmHg) 82.6 ± 7.6 84.5 ± 9.1*** 83.5 ± 11.9** 84.7 ± 12.4***

HbA1c % 8.2 ± 1.91 8.6 ± 1.93*** 9.3 ± 1.99*** 8.7 ± 2.25 ***
Urea (mg/dl) 22 ± 6.4 24 ± 8.9 *** 27 ± 8.7*** 48 ± 13.9***

Creatinine (mg/dl) 1.1 ± 0.15 1.1 ± 0.2 1.2 ± 0.21 2.0 ± 0.95*** 
eGFR ml/min/1.73sqm body surface area 87 ± 14.2 81 ± 17.7*** 78 ± 18. 1*** 41 ± 13.8**

LDL Chol (mg/dl) 98 ± 27.4 102 ± 31.7** 105 ± 30.7*** 97 ± 32.6
HDL Chol (mg/dl) 42 ± 9.3 41 ± 7.6 * 42 ± 10.2 39 ± 9.2 ***

TG (mg/dl) 143 ± 19.7 191 ± 15.4 *** 176 ± 15.2*** 178 ± 12.8***
Total Chol (mg/dl) 169 ± 40.7 177 ± 52.1 *** 181 ± 48.8*** 168 ± 49.8 

* Significant at 0.05 level; ** Significant at 0.01 level; *** Significant at 0.001 level when compared to LR group.

LR – Low risk group; MR- Medium risk group; HR – High Risk group; VHR – Very High Risk group
Values are mean ± SD; BMI- Body Mass Index; HbA1C- Glycated Haemoglobin; eGFR – estimated Glomerular Filtration Rate; LDL 
chol – Low Density Lipoprotein Cholesterol; HDL chol – High Density Lipoprotein Cholesterol; TG – Triglycerides; Total Chol- Total 

Cholesterol.

Table 2. Demographic, Anthropometric, hemodynamic and biochemical details of  the study group based on the Diabetic 
Retinopathy grades.

Risk category No DR 
(n=2490)

Mild NPDR 
(n=316)

Moderate 
NPDR (n= 423)

Sever NPDR 
(n=105)

Early PDR 
(n=30)

High risk 
PDR (n=62)

Gender 1549:941 218:98 293:130 70:35 20:10 42:20
Age (Years) 55 ± 10.8 55.93 ± 9.4 55.72 ± 9.2 54.91± 8.5 53.3 ± 10.5 57.67 ± 6.7*

BMI (Kg/m2) 26.1 ± 4.2 25.4 ± 3.7* 25.3 ± 4.6** 26.7 ± 4.5 26.2 ± 4.3 26.5 ± 4.5
Diabetes Duration 

(Years) 11.5 ± 4.8 10.2 ± 4.3* 11.2 ± 6.2 12.3 ± 6.7 13.7 ± 5.2* 14.3 ± 5.6**

Systolic BP (mmHg) 134.1 ± 10.5 124.6 ± 15.3** 137.8 ± 18.6** 141.1 ± 21.4** 144.4 ± 20.5** 149.3 ± 19.5**
Diastolic BP (mmHg) 82.5 ± 8.1 81.6 ± 7.6* 84.5 ± 9.1** 83.5 ± 11.9 85.9 ± 12.4* 87.3 ± 11.2**

HbA1C % 8 ± 1.91 8.6 ± 1.91** 9.32 ± 2.05** 9.6 ± 2.06** 8.7 ± 1.93* 9.25 ± 2.0**
Creatinine (mg/dl) 1 ± 0.86 1.08 ± 0.40 1.13 ± 0.49* 1.30 ± 0.73** 1.6 ± 1.57** 1.3 ± 0.83*

eGFR ml/min/1.73sqm 
body surface area. 83 ± 17.9 76.35 ± 19.8** 73.43 ± 20.9** 68.94 ± 25.9** 60.70 ± 26.3** 51.3 ± 20.9**

LDL Chol (mg/dl) 24 ± 9.6 26.35 ± 11.1** 28.45 ± 13.2** 35.91 ± 21.6** 34.92 ± 23.3** 36.45 ± 26.6**
HDL Chol (mg/dl) 100 ± 28.4 96.08 ± 30.2* 96.93 ± 30.4* 99.20 ± 33.3 103.30 ± 37.9 99.69 ± 30.1

TG (mg/dl) 42 ± 9.31 41.87 ± 9.3 40.87 ± 9.9* 40.87 ± 9.7 43.08 ± 9.3 42 ± 8.8
Total Chol (mg/dl) 154 ± 1.3 143.96 ± 8.9** 155.36 ± 9.5** 144.8 ± 7.6** 118.78 ± 5.6** 157.5 ± 1.1**

eGFR ml/min/1.73sqm 
body surface area. 172 ± 4.1 166.87 ± 4.8** 167.77 ± 5.9** 169.96 ± 7.2** 175.26 ± 5.8** 172.46 ± 4.9

* Significant at 0.05 level; ** Significant at 0.01 level when compared to No DR group

No DR- without Diabetic retinopathy; NPDR – Non proliferative Diabetic retinopathy; PDR – Proliferative Diabetic retinopathy; 
Values are mean ± SD; BMI- Body Mass Index; HbA1C- Glycated Haemoglobin; eGFR – estimated Glomerular Filtration Rate; LDL 
chol – Low Density Lipoprotein Cholesterol; HDL chol – High Density Lipoprotein Cholesterol; TG – Triglycerides; Total Chol- Total 

Cholesterol
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The comparison of  the different degree of  CKD according to 
KDIGO classification, which is based on eGFR and albumin, was 
the major strength of  the study. The cross sectional nature of  the 
study was the major limitation, thus a prospective follow up study 
has to be carried out to find the relationship between renal and 
retinal involvement. A prospective longitudinal study focused on 
the comprehensive interventions is recommended based on the 
risk factors and its association with the progression from moderate 
risk category to higher risk categories need to be evaluated further. 
The present study highlights the need for screening the patients 
periodically to look for diabetic complications. All physicians 
treating diabetes patients at all levels, including primary care setting 
should be aware of  the risk factor of  diabetic complications and 
also educate the patients about the potential risk factors. The 
periodical evaluation of  the renal status should be recommended, 
in the presence of  DR or PDR. In conclusion, this cross sectional 
observation, in South Indian population with T2DM has focused 
on stratifying the renal risk using KDIGO classification instead 
of  merely looking at eGFR or albuminuria. It also revealed a 
positive association between the DR and different degree of  
CKD according to KDIGO classification.
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