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ABSTRACT 
Objective: To evaluate Albumin Creatinine Ratio (ACR) as a screening marker for detection of early diabetic retinopathy in 
parallel with diabetic nephropathy. 
Study Design: Comparative cross sectional study. 
Place and Duration of Study: Department of Ophthalmology and Chemical Pathology & Endocrinology, Combined Military 
Hospital, Multan, from Jul 2017 to Jul 2019. 
Methodology: A total of 386 diagnosed patients of type II diabetes mellitus who reported for follow up and monitoring            
in Combined Military Hospital Multan, underwent initial screening with urine dip strip, if protein positive patients were 
excluded if negative patients were included in the study. Urinary albumin creatinine ratio was calculated as mg/mmol            
of creatinine. For staging of diabetic retinopathy; participants underwent ocular examinations. Pearson correlation was 
performed and ROC was constructed at different cut-offs. 
Results: Out of the 386 (100%) patients with type II diabetes 284 (74%) had albumin creatinine ratio <3 mg/mmol and 102 
(26%) had micro albuminuria i.e. albumin creatinine ratio 3-30 mg/mmol. Among normal albumin uric cases (284) only 52 
(18%) patients had mild to moderate non-proliferative diabetic retinopathy. 
Conclusion: Albumin creatinine ratio is associated with severity of diabetic retinopathy. Since diabetic retinopathy stages have 
been identified in normal albumin uric range, there is need to determine a definite cut off value (<3 mg/mmol) of ACR for 
using it as a screening marker for diabetic retinopathy. 
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INTRODUCTION 

Diabetes mellitus (DM) is a chronic metabolic 
disease characterized by persistent hyperglycemia that 
leads to serious macrovascular and microvascular co-
mplications to the heart, eyes, kidneys, and peripheral 
nerves. Microalbuminuria is closely associated with 
diabetic microvascular complications, namely diabetic 
kidney disease (DKD) and diabetic retinopathy (DR)1. 
In accordance with American Diabetes Association 
(ADA) and National Kidney Foundation (NKF) guide-
lines, albumin-to-creatinine ratio (ACR) is used as a 
criterion for defining albuminuria2,3. Recently, the clas-
sification of CKD has included ACR in the staging of 
the disease; normal: <3mg/mmol, microalbuminuria: 
3-29mg/mmol, Macroalbuminuria: ≥30mg/mmol, in 
accordance to Kidney Disease: Improving Global Out-
comes (KDIGO) clinica practice guidelines. Kidney 
damage is assessed by albuminuria as a marker for 
glomerular function. Chronic kidney disease (CKD) in 
patients of DM is associated with high-normal albumi-
nuria4,5, diabetic vascular complications are also 

accompanied by albuminuria6. 

One of the most prevalent chronic complications 
of diabetes is diabetic retinopathy (DR). This condition 
is associated with one of the most common causes of 
new-onset blindness7,8. Diabetic retinopathy develops 
in patients with poor control of diabetes mellitus over 
time; it is depicted by progressive changes in the capi-
llaries of the retina that result in increased permeabi-
lity, an impediment to the blood supply of the retina, 
and intraocular pathology9,10. Macular edema develops 
due to these pathological changes during any stage      
of the disease. Because this condition is so common 
among people with diabetes, and if left untreated, it 
puts a lot of burden on income-poor society. 

This study aimed to see if there was a link bet-
ween ACR and the severity of DR in patients of DM.  
In addition, we compared DR stages to DKD stages 
based on ACR to see if albumin creatinine ratio (ACR) 
may be utilized as a diagnostic screening marker for 
early diabetic retinopathy, similar to its use in diabetic 
nephropathy. 
METHODOLOGY 

This cross-sectional study was conducted by 
selecting all patients diagnosed with diabetes mellitus. 
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These were the patients who reported for follow-up 
and monitoring in Combined Military Hospital (CMH) 
Multan from July 2017 to July 2019. Informed consent 
was obtained from all the patients. This study was car-
ried out after approval from ethics review committee 
of the institution. (CMH Mtn ltr no: 6/Adm/trg/2017 
dated 30 April 2017) WHO sample size calculator was 
used for sample size calculation at 95% confidence 
interval and 5% margin of error taking prevalence of 
DR 28% in Pakistan11,12, which came out to be 310. For 
the collection of data, non-probability consecutive sam-
pling method was employed. Initial screening with 
urine dipstrip was done and patients with positive dip-
strip test for proteins were excluded from the study. 
However, if protein negative on the urine dip strip, 
these patients were included in the study. Ten (10) ml 
urine was collected in sterile container, urinary albu-
min was estimated by turbidimetric inhibition immu-
noassay (TINIA) and creatinine was analysed using 
modified Jaffe kinetic reaction. Albumin creatinine 
ratio (ACR) was calculated by using values of urine 
albumin and creatinine as mg/mmol. The results were 
validated by running internal quality control (IQC) 
program with values plotted on Levy-Jennings (LJ) 
chart within the same run. 

Participants underwent eye examinations, inclu-
ding fundus photography, to determine the stage of 
diabetic retinopathy. Mild-to-moderate non prolifera-
tive diabetic retinopathy (NPDR), severe NPDR, and 
proliferative diabetic retinopathy (PDR) were the three 
stages of diabetic retinopathy. Mild to moderate NPDR 
was defined as microaneurysms and small exudates in 
less than four quadrants of the retina. Severe NPDR 
consisted of either microaneurysms and exudates in 
four quadrants of the retina or venous bleeding in at 
least two quadrants. PDR was defined as neovascula-
rization in the retina or optic disc. The normal retina 
was free of all the abnormalities described. 

All the data, including biochemical parameters, 
were evaluated using computer software. Frequency, 
percentages, mean, and SD were determined as desc-
riptive statistics. Stratification of data was done to re-
duce bias and to find out associations between groups. 

The K-S test assessed the normality of data. Chi-square 
and t-test were employed to find any significant diffe-
rence between the variables. For differences among 
grades of diabetic retinopathy, an analysis of variance 
(ANOVA) test was used. The significance level was 
taken as a p-value ≤0.05. Pearson correlation was emp-
loyed between ACR and different stages of diabetic 
retinopathy. 

The receiver operating characteristics (ROC) 
curve was plotted at different cut-offs between ACR 
and retinopathy by clinical examination of the retina 
(fundoscopy findings) taken as a gold standard, and 
the area under the curve (AUC) was calculated. A 2x2 
table was constructed to determine sensitivity, speci-
ficity, positive and negative predictive values, positive 
and negative likelihood ratios, and total accuracy. 
RESULTS 

A total of 386 participants who were known 
patients of type II DM and on treatment for at least six 
months. Out of the 386 (100%) cases, 239 (62%) were 
males, and 147 (38%) were females. The mean age was 
57.48 ± 9.51 years, with most of the patients (73.1%) 
>50 years of age. 

Out of all (386) diabetic patients, 284 (73.6%) had 
normal albuminuria i.e., ACR <3(<3 mg/mmol) and 
102 (26.4%) had microalbuminuria i.e., ACR 3-30 mg/ 
mmol. The retinal changes in all patients with micro-
albuminuria (102) were severe non-proliferative dia-
betic retinopathy in 79 (77%) patients and proliferative 
diabetic retinopathy in 23 (23%) patients. 

Mean ± SD ACR levels (mg/mmol) among nor-
mal retina, mild to moderate NPDR, severe NPDR, and 
PDR were 1.49 ± 0.35, 2.67 ± 0.21, 13.07 ± 3.65, 26.48 ± 
2.27, respectively as shown in table-IA. Furthermore, 
the ANOVA test resulted in significant differences 
within and between the groups (p<0.05). This means 
that based on ACR, the stages of diabetic retinopathy 
can be differentiated (table-IB). 

As ACR increased, the degree of retinal damage 
also increased, from mild to severe non-proliferative 
diabetic retinopathy and finally proliferative diabetic 
retinopathy. Pearson correlation analysis was perfor-

Table-IA: Comparison of albumin creatinine ratio between different stages of diabetic retinopathy. 

Parameters 
Normal 
retina 

(n=232) 

Mild to moderate non-
proliferative diabetic 

retinopathy (n=52) 

Severe non-
proliferative diabetic 

retinopathy (n=79) 

Proliferative diabetic 
retinopathy 

(n=23) 

p-value 
(combined) 

Albumin 
Creatinine ratio 
(mg/mmol) 

1.49 ± 0.35 2.66 ± 0.20 13.07 ± 3.64 26.47 ± 2.27 <0.001 
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med, which revealed a high correlation (r=0.913) bet-
ween ACR and stages of diabetic retinopathy (fig-1). 
Both renal and retinal micro-vascular complications 
correlated well in ACR range from 2-30 mg/mmol. 
This indicated that ACR could be used as a screening 
marker for renal and retinal microvascular complica-
tions in patients with diabetes. However, at ACR <2 
mg/mmol, we did not find a good correlation between 
renal and retinal microvascular complications. A statis-
tically significant number of patients although had al-

buminuria in normal range, but developed early reti-
nal changes at ACR <3 mg/mmol. This showed that 
we need to lower the cut-off of ACR <3 mg/mmol to 
enhance the sensitivity of this test to screen for early 
retinal complications in patients of DM. 

The receiver operating characteristics (ROC) 
curve was plotted between ACR and the retinopathy 
on clinical examination as reference/gold standard at 
different cut-offs. For example, at cut-off >2 mg mmol 
for ACR, we found the maximum area under the curve 
(AUC), i.e., 1.0, as shown in fig-2. At this cut-off, i.e. 
ACR >2.0 mg/mmol, 2x2 table was constructed (table-
II) and sensitivity & specificity were calculated, shown 
in table-III. 

DISCUSSION 

Our findings strongly suggest a link between 
ACR levels and the severity of DR in type-2 diabetes. 
During the progression from mild to severe non-pro-
liferative diabetic retinopathy to proliferative diabetic 
retinopathy, our results showed increased retinal da-
mage with an increase in ACR levels11,13-16. Romero-

Table-IB: Significance of albumin creatinine ratio between different stages of diabetic retinopathy.  

Group 
Comparison 

Normal Retina 
vs 

Mild to 
moderate non-
proliferative 

diabetic 
retinopathy 

Mild to moderate 
non-proliferative 

diabetic 
retinopathy Vs. 

Severe non-
proliferative 

diabetic 
retinopathy 

Normal 
retina 

Vs. 
Severe non-
proliferative 

diabetic 
retinopathy 

Mild to moderate 
non-proliferative 

diabetic 
retinopathy 

Vs. 
Proliferative 

diabetic 
retinopathy 

Normal 
retina 

Vs. 
Proliferative 

diabetic 
retinopathy 

Severe non-
proliferative 

diabetic 
retinopathy 

Vs. 
Proliferative 

diabetic 
retinopathy 

Albumin 
Creatinine ratio 
(mg/mmol) 

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

 

 
Figure-1: Correlation between albumin creatinine ratio 
(ACR) and retinopathy (1=normal, 2=mild to moderate 
NPDR, 3=severe NPDR, 4=PDR). 

 
Figure-2: The receiver operating characteristics (ROC) 
curve between albumin creatinine ratio (ACR) and retino-
pathy and area under the curve (AUC). 

Table-II: Diagnostic accuracy table between albumin 
creatinine ratio and retinal examination. 

 
Retinal examination 

Yes/Positive No/Negative 

Albumin Creatinine Ratio (mg/mmol) 

Yes/Positive 
No/Negative 

154 (52.7%) 
0 (47.3%) 

16 (60%) 
216 (40%) 

Table-III: Attributes of albumin creatinine ratio as diagnostic 
test (Cut-off ≥2.0 mg/mmol). 

Diagnostic Parameters  Values 

Sensitivity= True Positive/( True Positive ± 
False Negative) 

100% 

Specificity= True Negative /(True Negative 
+False Positive) 

93.1% 

Positive Predictive Value= True 
Positive/(True Positive+ False Positive) 

1.0 

Negative Predictive Value= True 
Negative/(True Negative +False Negative) 

0.90 

Diagnostic Accuracy=(True Positive +True 
Negative)/All Patients 

95.5% 
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Arco et al, have established that urinary ACR has a hig-
her association than eGFR with diabetic retinopathy17. 
Lee et al, have not only established an association bet-
ween DR and ACR but have also proposed 2.26 mg/ 
mmol as the optimal cut-off value of ACR for predic-
ting DR18. 

Both DR and DKD are microvascular manifes-
tations of diabetes that have comparable pathophysio-
logical causes. Chronic hyperglycemia is expected to 
cause microvascular alterations in the retina and glo-
merulus, followed by the narrowing and final blockage 
of the vascular Lumina. The mechanisms that cause 
DR to advance are the same as those that cause vascu-
lar dysfunction. ACR is being used in monitoring 
DKD, whereas DR is mainly monitored by clinical exa-
mination. However, ACR can also be utilized to screen 
and monitor DR as it is used for DKD. ACR <3 mg/ 
mmol is considered normal albuminuria while moni-
toring DKD. In our study, a statistically significant 
number of patients of DM were normal albuminuric, 
but still developed early retinal changes at ACR <3 
mg/mmol. The cut-off for screening of DR was found 
to be slightly lower i.e., 2.0 mg/mmol. In patients with 
type-2 diabetes mellitus, keeping the ACR cut-off at 2.0 
mg/mmol the monitoring of DR can be done through 
ACR instead of fundoscopy. Patients having ACR ≤2.0 
mg/mmol would not need any intervention rather 
regular follow up by including ACR test. Still, the pati-
ents with abnormal ACR (>2.0 mg/mmol) may need 
intervention in their lifestyle or medication for better 
control of diabetes. 

ACR as a screening marker for DR is more con-
venient and less subjective than clinical ophthalmic 
examination. A lot of work is being done in utilizing 
artificial intelligence for monitoring DR19-22. There         
are some potential challenges in implementing these 
technologies in healthcare23. However, combining ACR 
and artificial intelligence can enhance screening sensi-
tivity, enabling early detection and control of DR. 
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CONCLUSION 

According to our findings, the severity of diabetic 
retinopathy can be biochemically monitored on the 

basis of albumin creatinine ratio. With a cut-off of ACR 
≥2.0 mg/mmol, patients with early diabetic retino-
pathy can be reliably differentiated from the healthy 
retina and followed up for further progression of the 
disease. 
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