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Urine protein: Urine creatinine ratio correlation with diabetic retinopathy
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Purpose: To investigate the urine protein (UP) and urine creatinine (UC) ratio in diabetes mellitus and 
report	its	influence	as	a	risk	factor	for	the	presence	and	severity	of	diabetic	retinopathy	(DR).	Methods: In 
total, 150 diabetic patients presenting to the outpatient department were included. Detailed history with 
informed consent and ophthalmic examination, including visual assessment, external ocular examination, 
anterior segment evaluation, dilated fundus examination by slit-lamp biomicroscopy, and indirect 
ophthalmoscopy, was done. The early morning spot urine sample was used to determine spot urine protein 
creatinine ratio. Association with hypertension, fasting blood sugar (FBS), and HBA1C (glycosylated Hb) 
were also noted. Results: Urinary PCR increased with the severity of the diabetic retinopathy (P < 0.001). 
HbA1c, FBS, and duration of diabetes had a direct correlation with urine PCR. ROC curve analysis showed 
that	the	optimal	PCR	cut‑off	value	for	predicting	the	risk	of	onset	DR	was	0.65.	Retinopathy	progressed	with	
increasing urine PCR. Spot urine PCR strongly correlates with stages of diabetic retinopathy and proteinuria 
measured in 24-h urine samples. Conclusion: The study showed that urine PCR can be a marker for risk 
and progression of diabetic retinopathy.
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Diabetes mellitus (DM) is a health issue of importance, with 
a risk of turning into a global epidemic in the coming years. 
It leads to a range of systemic complications that have a 
considerable impact on both the patient and the society because 
the	affected	people	are	 in	their	prime	years	of	productivity.	
Approximately 80% of the diabetics are found in developing 
and underdeveloped countries and are increasing at alarming 
rates.[1,2]	India	has	the	largest	number	of	affected	people,	which	
was estimated to be 66.8 million.[2,3]

Potential complications (microvascular and macrovascular) 
can be avoided by early diagnosis and intervention.[4] Diabetic 
eye disease is an end-organ microvascular complication, the 
main indicators being diabetic retinopathy, cataract, and 
glaucoma.[5]

Diabetic retinopathy (DR) is a leading cause of blindness 
in the world. Furthermore, patients with DR are at a much 
greater risk of diabetic nephropathy, limb amputations, 
stroke, coronary heart disease, and death.[6] Duration of 
diabetes mellitus, hypertension, and poor glycemic control[7,8] 
are considered the main risk factors for the development 
or progression of diabetic retinopathy. The risk of vision 
loss increases with the progression of the stage of diabetic 
retinopathy.	Thus,	 early	detection	and	 identification	of	 the	
risks for diabetic retinopathy are crucial.[9,10]

Glomerular	hyperfiltration	and	proteinuria	begin	before	overt	
nephropathy or early clinically evident diabetic retinopathy.[11] 
Diabetic nephropathy contributes to approximately 20% of 

cases of chronic renal failure. Collecting accurate 24-h urine 
samples	 is	 inconvenient,	 especially	 in	an	outpatient	 setting,	
and	 the	best	considered	alternative	method	 for	quantitative	
evaluation of proteinuria is the measurement of urine protein 
to creatinine ratio in a spot urine sample.[12]

Spot urine protein to creatinine ratio is an alternative yet 
reliable approach that has been proposed for many years. 
As	 long	as	 the	glomerular	filtration	 rate	 remains	 constant,	
both protein and creatinine excretion rates are assumed to 
be fairly constant during the day. It was found that the mean 
intra-individual variation in the protein:creatinine ratio was 
38.6%, whereas that of the protein excretion was 96.5%.[13,14] 
Thus,	considering	that	urine	protein:creatinine	ratio	is	a	better	
and more stable indicator compared to only urinary protein, 
in this study, we measured the urine protein (UP):urine 
creatinine (UC) ratio of people with diabetes and assess their 
stage of retinopathy and the correlation with each other.

Methods
Data collection
A random sample of 150 previously or newly diagnosed 
diabetes mellitus (male and female) were included in the 
study. After informed consent, participants were interviewed 
for their demographic and diabetic history. The clinical 
protocol included elicitation of detailed medical history, 
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Table 1: PCR (mg/g) with grade of diabetic retinopathy

GRADE OF DR‑RE Total

Mild NPDRa Moderate NPDR Severe NPDR PDR

PCR (mg/g) Mild Count 46 10 0 4 60

% 28.8% 10.9% 0.0% 9.8% 20.0%

Moderate Count 50 11 4 3 68

% 31.2% 12.0% 57.1% 7.3% 22.7%

Severe Count 64 71 3 34 172

% 40.0% 77.2% 42.9% 82.9% 57.3%

Total Count 160 92 7 41 300
% 100.0% 100.0% 100.0% 100.0% 100.0%

including the age of onset of diabetes, duration, treatment 
history (systemic medications), family history of diabetes, 
history of hypertension, detailed ocular examination, and 
biochemical parameters such as serum creatinine, HbA1c, 
FBS, and urine PCR.

Patients with urinary tract infection, glomerulonephritis 
due to systemic conditions, malignancies, collagen vascular 
disorders, or any other systemic condition causing proteinuria 
and pregnant women were excluded.

Diabetes was diagnosed when the fasting plasma 
glucose	 (FPG)	 level	was	 ≥126	mg/dL	 (7.0	mmol/L)	 and/or	
the	 2‑h	 postprandial	 glucose	 level	was	 ≥200	mg/dL	 (11.1	
mmol/L)	and/or	when	the	patient	was	treated	for	diabetes	by	a	
physician.[15] Blood pressure was measured using standardized 
techniques.[16]

A random spot urine sample was collected on the test day 
in a sterile container and sent for evaluation. Urine protein 
was estimated using the pyrogallol red molybdate method and 
urine	creatinine	by	modified	Jaffe’s	method.	Urine	PCR	was	
calculated	by	dividing	the	value	of	spot	urine	protein	(mg/dl)	
by	the	spot	urine	creatinine	(mg/dl)	and	expressed	as	a	ratio.	
The	ratio	was	further	converted	to	mg/g	in	order	to	classify	it	
into mild, moderate, and severe.

Diabetic retinopathy
All patients underwent a complete ophthalmic examination 
that included visual acuity measurement, intraocular pressure 
measurement, slit-lamp examination of the anterior segment, 
and fundus examination after dilatation using direct and 
indirect ophthalmoscopy performed by retina specialists. 
DR	was	 identified	and	 classified	based	on	 the	presence	of	
any of these characteristic lesions: microaneurysm, dot and 
blot	hemorrhages,	hard	exudates,	cotton	wool	spots,	venous	
beading, intra-retinal microvascular abnormalities, retinal 
new vessels, vitreous hemorrhage, fibrous proliferation, 
tractional retinal detachments, or previous laser therapy.[17-19] 
Any	DR	was	defined	by	the	presence	of	at	least	one	definite	
microaneurysm in one or both eyes.[18] The Early Treatment 
Diabetic Retinopathy Study (ETDRS) grading[20-26] system was 
used for grading of DR by retina specialists.

Diabetic kidney disease
Diabetic	kidney	disease	(DKD)	was	defined	as	eGFR	less	than	
60	mL/min/1.73	m2 and/or albuminuria 30 µg/mg	or	more.

According to the urine protein creatinine ratio, it was 

divided into three groups: mild (<150), moderate (150–500), 
and	severe	(>500)	in	mg/g.[27,28]

Statistical analysis
Statistical analysis was performed using STATISTICAL PACKAGE 
SPSS VERSION 17.0., correlation by AN0VA ANALYSIS OF 
VARIANCE, and P <	0.05	was	considered	statistically	significant.	
ROC	curves	were	used	to	determine	sensitivity,	specificity,	and	
cut‑off	values	of	PCR	at	different	stages	of	DR.

Results
Gender and age
There were 95 (63.3%) male and 55 (36.7%) female participants. 
The mean age of the patients was 58.7 years (range: 32–82 years) 
with a standard deviation of 10.59 years.

It was observed that the majority of the patients belonged 
to the age group of 60–70 years, which accounts for 46 (30.7%) 
out of 150 patients.

Clinical characteristics
Duration of diabetes ranged from newly detected to more 
than 15 years. Eighty-one (54%) patients were diagnosed as 
diabetics for less than 5 years, 44 (29.3%) for 5 to 15 years, 
17 (11.3%) for 10–15 years, and 8 (5.3%) patients for more than 
25 years. Further, 88 (58.7%) patients were on treatment with 
oral hypoglycemic agents (OHAs) whereas 62 (41.3%) were on 
treatment with insulin with or without OHAs. The majority of 
subjects	(129/150)	had	HbA1c	values	between	6.5	and	8.

Association between urine PCR and diabetic retinopathy
A total of 300 eyes of 150 patients were examined for diabetic 
retinopathy. In total, 160 eyes (53.3%) were diagnosed to have 
mild NPDR, 92 eyes (30.7%) had moderate NPDR, 7 (2.3%) had 
severe NPDR, and 41 eyes (13.7%) had PDR. Proteinuria values 
from spot urine protein–creatinine were obtained: 60 (20%) had 
mild proteinuria, 68 eyes (22.7%) had moderate proteinuria, 
and 172 (57.3%) had severe proteinuria.

A variable correlation was seen with proteinuria and 
diabetic retinopathy. Among the 160 eyes with mild NPDR, 
46 (28.8%) had mild proteinuria, 50 (31.2%) had moderate 
proteinuria, and 64 (40%) had severe proteinuria. Among the 
moderate NPDR group of eyes, 10 (10.9%) had mild proteinuria, 
11 (12%) had moderate proteinuria, and 71 (77.2%) had severe 
proteinuria.	Among	the	PDR	group,	the	majority,	that	is,	34/41	
eyes (82.9%) had severe proteinuria.
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Figure 1: Graphical representation of severity of urine protein creatinine 
ratio with grading of diabetic retinopathy

Table 2: UP: UC ratio with grade of diabetic retinopathy

GRADE OF DR Total

Mild NPDRa Moderate NPDR Severe NPDR PDR

UP: UC 
ratio

<0.2 Count 68 10 2 4 84

% 42.5% 10.9% 28.6% 9.8% 28.0%

0.2-3.5 Count 82 57 2 13 154

% 51.2% 62.0% 28.6% 31.7% 51.3%

>3.5 Count 10 25 3 24 62

% 6.2% 27.2% 42.9% 58.5% 20.7%

Total % Count 160 92 7 41 300
% 100.0% 100.0% 100.0% 100.0% 100.0%

In our study, a strong correlation was present for severe 
proteinuria and proliferative diabetic retinopathy. Among 
the NPDR group, the correlation between proteinuria and 
stages of NPDR was variable [Table 1]. Fig. 1 is a graphical 
representation of Table 1.

Urine	PCR	(urine	protein	to	urine	creatinine	ratio/UPUC	
ratio) and its correlation with diabetic retinopathy were 
studied (Table 2, with a graphical representation of the same in 
Fig. 2). Urine PCR values were categorized as <0.2 (normal), 
0.2–3.5,	 and	 >3.5	 (nephrotic	 range).	Among	 the	 160	 eyes	
with mild NPDR, 68 (42.5%) had normal urine PCR of <0.2 
whereas the majority (82; 51.2) had urine PCR in the range of 
0.2–3.5. Among the moderate NPDR group, the majority (57; 
62%) had a urine PCR of 0.2–3.5 and 25 (27.2%) had a urine 
PCR	of	>3.5.	Three	(42.9%)	of	severe	NPDR	had	a	urine	PCR	
of	>3.5.	In	the	PDR	category,	the	majority	(24;	58.5%)	had	
urine PCR in the nephrotic range. Thus, a strong correlation 
was seen between spot urine PCR and diabetic retinopathy.

We	found	that	urine	PCR	significantly	correlated	with	DR	
and its severity. Urine PCR levels increased with the severity 
of diabetic retinopathy. In this study, urine PCR levels were 
significantly	higher	at	more	advanced	stages	of	DR	with P < 0.001.

ROC	curve	analysis	showed	that	the	optimal	PCR	cut‑off	
value for predicting the risk of onset DR was 0.65. Severe 
diabetic retinopathy was associated with higher urine PCR. 
Fig.	3	with	Area	under	the	curve	(PCR	mg/g):	0.644.

The study shows that the majority of patients with urine 
PCR within normal limits had mild diabetic retinopathy. This 
emphasizes early screening in all diabetics for retinopathy.

Discussion
Proteinuria is considered and proven to be the single best 
predictor of kidney dysfunction and diabetic nephropathy 

Figure 2: Graphical representation of urine protein creatinine ratio in 
nephrotic ranges with diabetic retinopathy grading

Figure 3: Representing receiver operating characteristic (ROC) curve 
with area under curve (cut-off value) as 0.644
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progression. However, collecting 24-h urine is not always 
feasible. Spot urine protein urine creatinine ratio (PCR) is 
another	dependable,	convenient,	and	cost‑effective	measure	of	
renal dysfunction.[13,29] As urine PCR can be easily performed 
on an outpatient department basis, it can be a convenient 
alternative in clinical practice. Microalbuminuria is said to be 
the earliest clinical feature of diabetic nephropathy.[30] Many 
studies have proved a very strong association between 24-h 
proteinuria and random spot urine PCR.[29] This study was done 
to	find	the	correlation	between	spot	urine	protein	to	creatinine	
ratio and diabetic retinopathy.

Diabetic	kidney	disease/diabetic	nephropathy	is	a	serious	
complication of both type 1 and 2 DM. Kidney damage can 
accelerate diabetic retinopathy changes that are associated 
with raised serum levels of lipoproteins and fibrinogen 
and increased blood pressure. Diabetic renal disease and 
retinopathy	are	a	cause	of	significant	mortality	and	morbidity	
in diabetics. Thus, early detection and treatment are helpful 
in	improving	the	quality	of	life	and	prevention	of	blindness	
in diabetics.

Our study showed a good correlation between proteinuria 
and proliferative diabetic retinopathy. However, this correlation 
was not seen in the eyes with nonproliferative disease. In 
contrast, there was a consistent correlation between urine PCR 
and retinopathy. The presence of diabetic retinopathy with 
normal urine PCR suggests the need for retinal examination 
in all diabetics at the earliest. The urine PCR levels increase 
with increasing severity of retinopathy. The majority of the 
proliferative group had urine PCR in the nephrotic range.

This study showed that spot urine PCR was an independent 
factor associated with DR. The PCR levels increased with 
the severity of diabetic retinopathy. The majority of patients 
diagnosed with mild NPDR had urine PCR within normal 
ranges (<0.2), whereas patients diagnosed with PDR (41) were 
found	to	have	urine	PCR	in	the	nephrotic	ranges	(>3.5).

Our study also found that the associations of diabetic 
retinopathy with renal functions are independent of other risk 
factors such as hypertension, age, and sex. They had a negative 
correlation with high P values.

Chronic hyperglycemia in diabetics causes capillary 
endothelial damage, leading to capillary occlusion and 
nonperfusion of tissues. These microvascular changes occur 
in both the glomerulus and the retina.[31,32] In DM, the retina is 
affected	due	to	capillary	endothelial	cell	loss	and	consequent	
loss of pericyte, which in turn leads to the development and 
progression of microvascular features (microaneurysms, 
hemorrhages, soft exudates, etc.).[33]

The glomerular apparatus shows widespread loss of 
podocytes and capillary occlusion, causing proteinuria 
and a decline in renal function. Hence, it is crucial to detect 
proteinuria and retinopathy at the earliest.[34]

Our study showed that diabetics with higher urine PCR 
levels had advanced stages of retinopathy. Thus, all diabetics 
with increasing PCR should have a periodic retinal examination 
to prevent or retard the progression of diabetic retinopathy.

O u r  s t u d y  d i d  n o t  e x c l u d e  p a t i e n t s  u s i n g 
angiotensin-converting enzyme inhibitor (ACEI) or angiotensin 

II receptor blocker (ARB) drugs, which are found to decrease 
urine PCR levels.[10] This is a limitation of our study.

Apart	from	the	vision	being	affected,	the	presence	of	DR	
also	notifies	 a	 raised	 incidence	of	 life‑threatening	 systemic	
vascular complications, such as coronary heart disease, 
stroke, heart failure, and neuropathy.[35] Therefore, regular 
ophthalmic examination should be mandated in order to screen 
and monitor not only DR but also other microvascular and 
macrovascular complications.

Future population-based cohort studies are needed to 
further evaluate the prediction of spot urine PCR on the 
development	and	progression	of	DR.	Better	and	improvised	
screening of DR will lead to early diagnosis and a lower rate of 
progression to a visually impairing form. Urine PCR is largely 
used to diagnose diabetic kidney disease, but studies evaluating 
the use of PCR in the screening process for DR are limited.[36]

Conclusion
The results of our study show that urine protein::creatinine 
ratio can be a marker for risk and progression of diabetic 
retinopathy.
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