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ABS TRACT  
 

 

BACKGROUND 

Diabetic nephropathy (DN) is a chronic microvascular complication of diabetes 

mellitus (DM). Microalbuminuria is an earliest marker of DN. Effective screening 

measures are required for early diagnosis and management to halt the progression 

of diabetic nephropathy. We wanted to evaluate urine Albumin Creatinine Ratio 

(ACR) as an earlier predictor of diabetic nephropathy in comparison to the gold 

standard test 24-hours urine protein. 

 

METHODS 

This is a cross sectional study conducted among 210 patients of type-2 DM admitted 

in the medical ward of a tertiary care hospital, who fulfilled the inclusion and 

exclusion criteria. Relevant history including duration of DM, and other 

comorbidities was taken from the patients. Vital parameters such as heart rate, 

systolic and diastolic blood pressure were recorded. CBC, RFT, FBS, PPBS, HbA1c, 

Fundoscopy were done in all patients. Urine analysis for ACR from random urine 

sample and 24-hours urine protein from 24-hour urine sample were done. 

 

RESULTS 

Proteinuria was present in 80.95% of patients and that with 24-hour urinary 

protein, in 59.04% patients. ACR showed sensitivity of 100%, specificity of 46.51% 

with PPV of 72.94% and NPV of 100%. ACR has strong positive correlation with 24-

hours urinary protein. Positive correlation of urine ACR was seen with serum 

creatinine, blood urea, HbA1c, anaemia, duration of diabetes and the presence of 

diabetic retinopathy. 

 

CONCLUSIONS 

ACR shows high sensitivity in the detection of proteinuria, especially 

microalbuminuria and hence can be considered as an alternative to 24-hour urine 

protein in an early screening for DN. 
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BACK GRO UND  
 

 

 

Diabetes Mellitus is an important public health problem. 

India is home to 69.1 million people with DM and is estimated 

to have the second highest number of cases of DM in the 

world after China in 2015.(1) The prevalence of DM in India 

ranges from 5–17%.(1) Diabetes mellitus causes considerable 

morbidity and mortality primarily due to micro and macro 

vascular complications which are preventable(2) One such 

microvascular complication of diabetes is diabetic 

nephropathy. Diabetic nephropathy has been didactically 

categorized into stages based on the values of urinary 

albumin excretion (UAE). Diabetic nephropathy is a clinical 

syndrome characterized by persistent albuminuria (>300 

mg/d or>200 mcg/min) that is confirmed on at least 2 

occasions 3-6 month apart, a relentless decline in the 

glomerular filtration rate (GFR) and elevated arterial blood 

pressure (American Diabetic Association).(3) The total 

duration of disease was found to be an important risk factor 

for the development and progression of nephropathy. 

Micro-albuminuria is the earliest clinical manifestation of 

diabetic nephropathy.(4) Its early detection can help the 

timely use of renal preventive measures. It progresses to 

overt proteinuria in 20-40% cases within 10 years period and 

further progresses to ESRD in 20% of cases.(5) Thus, micro-

albuminuria assessment is done for early diagnosis and 

screening of diabetic nephropathy. Micro-albuminuria may 

be present even before the diagnosis of DM (especially in 

Type 2 DM). Therefore, effective screening measures are 

required for early diagnosis. Even though timed and 24-hour 

collections of urine are gold standard methods of determining 

micro-albuminuria, they are slow and cumbersome and are 

amenable to errors in collection.(6) To avoid this time 

consuming and cumbersome procedure, random urine 

sample can be used for quantification of albuminuria. Patient 

compliance is better with random urine sample collection. 

Urinary albumin concentration in a random urine sample is 

variably attributable to circadian rhythm, variation in 

hydration status, diuresis, exercise and diet.(7) This variation 

can be eliminated by calculating random urinary albumin: 

creatinine ratio (RUA: C) in random urine sample. As it is the 

ratio of two stable rates, it eliminates the effect of time. 

Therefore, the present study was planned to study the 

urine albumin creatinine ratio in patients with diabetic 

nephropathy. 

 

 
 

ME TH OD S  
 

 

Prior to the study, ethical clearance was taken from the 

ethical committee of tertiary care hospital. This cross-

sectional study was conducted from 1st March 2018 to 1st 

September 2019. 210 patients of type-2 DM were enrolled in 

the study. Sample size came out to be 384 based on online 

sample calculator. As patients with renal failure and 

diagnosis of hypertension prior to the onset of diabetes 

mellitus were excluded sample size was taken as 210. 

All patients in medicine wards and OPD in a tertiary care 

hospital with type 2 diabetes mellitus fulfilling the inclusion 

criteria were included in the study. Informed and voluntary 

consent was taken from all the participants in the study. 

Patients who have been diagnosed with type 2 diabetes 

mellitus according to the American Diabetes Association 

(ADA) and patients who were already taking treatment either 

OHA or insulin for type 2 DM were included in the study. 

Patients suffering from type-1 DM, fever, urinary tract 

infections were excluded. Patients with pre-existing 

nephropathy, pre-existing hypertension before the diagnosis 

of DM, bed ridden patients and pregnant women were also 

excluded in the study. History was taken in the form of 

questionnaire: Information regarding age, gender, duration of 

DM, other comorbidities like hypertension, stroke, and 

complaints of sensory motor neuropathy were recorded. 

Examination was done in the form of Heart rate, systolic and 

diastolic blood pressure were measured. Presence of pallor, 

pedal oedema, crepitations were also recorded. Fundoscopy 

were done in all patients. Complete blood counts (CBC), Renal 

function tests (RFT), Fasting blood sugars (FBS) with fasting 

of 8-10 hours, Post-prandial blood sugars (PPBS) collected 2 

hours after food, HbA1c (estimated using HPLC method) were 

measured in all patients in the study. 

For Urine analysis, two samples of urine were collected 

from the patients, one included random urine sample in a 

sterile container with a capacity of 10 ml and a urine sterile 

container of capacity of 5 litre for 24-hours urine sample 

collection. 24-hour urine sample were used for measurement 

of 24-hour urine protein. Urine ACR was measured from 

random urine sample. Urinary albumin was measured by 

‘Immuno Turbidometry method’ while urinary creatinine was 

measured by ‘Jaffe’s spectrophotometric method’. 

 

Clinical Definitions (8) 

1. Diabetes mellitus (as per the American Diabetes 

Association) 

 Fasting blood sugar >/=126 mg/dl (fasting is 

defined as no caloric intake for >=8 hours) 

 2-hour Post prandial blood sugar >=200 mg/dl 

during an oral glucose tolerance test. (the test 

should be performed using a glucose load 

containing the equivalent of 75 g anhydrous glucose 

dissolved in water) 

 HbA1c >= 6.5% 

 And all those patients who were diagnosed with 

type 2 diabetes mellitus already on oral 

hypoglycaemic drugs and/or insulin were also 

included in the study. 

2. Proteinuria is defined as urine Albumin Creatinine Ratio 

(ACR) in a single spot urine sample 

 Normo-albuminuria = <30 mg/g. 

 Micro-albuminuria = 30-299 mg/g. 

 Macroalbuminuria = > 300 mg/g. 

 

3. Overt proteinuria is defined as proteinuria of > 150 

mg/24 hours urine protein. 

 

 

Statistical Analysis 

Data was collected in a Microsoft Excel database. Statistical 

analysis was done using nonparametric ANOVA and Fisher 

test and Pearson correlation. 
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RES ULT S  
 

 

 

A total of 210 patients participated in the study. The average 

age of patients in our study was 58.03±11.23 years, majority 

were around the age of 40 to 60 years. The average duration 

of diabetes in our study population was 7.73±5.05 years. 

Hypertension was the most common comorbid condition in 

the study accounting for 67%. Other common comorbid 

conditions were stroke (13.8%) and IHD (14.76%). The 

average heart rate (87.29±11.77), SBP (132.65±22.55) and 

DBP (82.19±10.66) were within normal limits in our study 

population. Signs of diabetic retinopathy in the study 

population which was seen in 52.38%. Majority (36.17%) of 

patients had mild NPDR. Others showed presence of cataract 

(5.71%) and hypertensive (7.14%) changes on fundoscopy. 

The presence of diabetic retinopathy had a strong positive 

correlation with that of ACR (p=0.0003). 

About 35% of patients in our study were anaemic defined 

as haemoglobin less than 10 gm/dL. The presence of anaemia 

positively correlated with ACR (p=0.0003) All the renal 

function parameters were marginally increased in our study 

population. The average serum creatinine was 1.80±1.56 

mg/dl, blood urea was 47.90 ± 31.76 mg/dl, serum sodium 

was 143.08 ± 90.38 meq/L, serum potassium was 4.47±2.94 

meq/L. The average Fasting blood sugar was 211.88±75.72 

mg/dl and Post-prandial blood sugar was 280.78 ± 90.09 

mg/dl in our study population. Proteinuria was found in 

79.04% of patients enrolled in our study on a dipstick 

method (qualitative). The average urine Albumin: creatinine 

ratio (ACR) in our patients was 390.95 ± 1029.8 mg/g. The 

average 24-hour urine protein was 631.97±1387.9 mg. 

Urine ACR amongst patients in study showed 40 patients 

with non-proteinuria (=< 30 mg/g), Microalbuminuria= (30-

300 mg/g) in 121 patients, and Macroalbuminuria (>300 

mg/g) in 49 patients. Maximum patients showed 

predominance in presence of microalbuminuria. 
 

Micro Albuminuria 
by ACR 

Proteinuria by 24-hr Urine 
Present Absent 

Present 124 46 
Absent 0 40 

ACR showed sensitivity of 100%, specificity of 46.51% with PPV of 72.94% and NPV 
of 100%. 

Table 1. Comparison of Random Urine ACR with  
24-Hour Urine Protein for Proteinuria Assessment 

 

As shown in table-1 out of 210 patients enrolled in the 

study, 40 patients showed absence of proteinuria by either 

method of screening. 124 patients, demonstrated presence of 

proteinuria by both the methods. 46 patients, on screening 

showed the presence of microalbuminuria by urine ACR 

method, however showed no evidence of proteinuria by the 

24-hour method. 
 

Proteinuria 24 hr Urine Protein ACR 
Detected 124 (59.04%) 170 (80.95%) 

Not detected 86 (40.95%) 40 (19.05%) 
p value <0.0001 (Fisher test) 

Table 2. Comparing Presence of Proteinuria by the Two Methods 

 

As shown in table-2, With ACR, proteinuria 

(microalbuminuria/macroalbuminuria) was present in 

80.95% patients. With 24 hr urinary protein, proteinuria was 

present in 59.04% patients (p<0.0001). 

 

 Urine Albumin Creatinine Ratio (mg/g) 
p Value* 

Parameter <30 30-300 >300 
Duration of diabetes 

(years) 
6.02±3.43 7.02±4.66 10.89±5.86 <0.0001 

24-hr urine protein 
(mg) 

2.18±9.66 284.90±308.45 2035.93±2356.1 <0.0001 

Fasting Blood Sugar 
(mg/dl) 

200.77±53.32 217.15±82.19 211.33±79.42 0.76 

Table 3. Comparing ACR Parameters with Other Parameters in Study 

*Non parametric ANOVA 

 

As shown in table-3 there was significant difference seen 

in the duration of diabetes in patients with micro, macro and 

normo-albuminuria, with duration of diabetes highest in 

patients with macro-albuminuria. ACR also showed positive 

correlation with that of duration of DM (p <0.0001). 24hr 

urinary protein was significantly high in patients with 

macroalbuminuria, showing a positive correlation (p 

<0.0001) No significant difference was seen in FBS among 

patients with micro, macro and normo-albuminuria. HbA1c 

showed positive correlation with ACR (p <0.0001). Amongst 

210 patients enrolled in our study, USG KUB were performed 

in 166 patients. Normal study was seen in 73.49 % patients. 

44 patients showed presence of medical renal disease with or 

without(3) maintained cortico-medullary differentiation, and 

these patients also showed positive correlation with ACR (p 

<0.0001). In our study, patients were also screened for 

macrovascular complications like ischemic heart disease/ 

dilated cardiomyopathy. Based on 2D-Echo findings, almost 

31% patients showed features of IHD/ DCMP. However, ACR 

did not show any positive correlation with the same (p=0.07). 

Table-4 shows correlation of ACR with various 

parameters in the study. ACR thus shows strong positive 

correlation with 24-hr urinary protein. Positive correlation 

was seen with serum creatinine, blood urea, serum 

potassium. Positively correlation of ACR was seen with 

HbA1c, anaemia, duration of diabetes and the presence of 

diabetic retinopathy. ACR was negatively correlated to 

Hemiparesis/Stroke/IHD (i.e. macrovascular complications of 

DM) 

 
 Correlation Coefficient p Value 

24-hour urine protein 0.87 <0.0001 
Serum Creatinine 0.45 <0.0001 

Serum Urea 0.37 <0.0001 

Serum Sodium -0.04 0.54 
Serum potassium 0.10 0.13 

Medical Renal disease on USG 0.39 <0.0001 

HbA1c 0.36 <0.0001 
Diabetic retinopathy 0.24 0.0003 

Duration of diabetes 0.40 <0.0001 

Hemiparesis / Stroke -0.09 0.18 
2D Echo (IHD/DCMP) 0.12 0.07 

Anaemia (Hb <10) 0.26 0.0003 

Systolic BP 0.07 0.30 

Diastolic BP 0.07 0.26 

Table 4. Correlation of ACR with Various Parameters 

 

 
 

 

DI SCU S SI ON  
 

 

Diabetic nephropathy (DN) is the long standing micro 

vascular complication of diabetes mellitus. In this study 210 

patients diagnosed with type-2 DM were enrolled and 

analysed. The average age of patients in our study was 

58.03±11.23 years with majority of patients in the age group 

of 40 to 80 years and the average duration of diabetes 

mellitus was 7.73±5.05 years with majority of patients 
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develop DN within 10 years of onset of diabetes. Since the 

average age of diabetes in India is 40 years (39.6 years),(9) the 

average age of diabetic nephropathy in our study 

corresponds to average duration of onset after diabetes. The 

result of our study was in accordance to study conducted by 

Vargashee A et al.(10) and study by Chowta NK.(11) Rossing 

P(12) reported the peak incidence of nephropathy as 10 to 20 

years after diabetes onset and then it occurs as a progressive 

decrease. The relatively less duration of diabetes in our study 

may be because of excluding the patients who were already 

diagnosed as nephropathy due to any cause. 

In our study hypertension was the most common 

(67.14%) co-morbid condition. Hypertension is considered as 

the most common companion of diabetes, with the study 

reporting hypertension is approximately twice as prevalent 

in patients with diabetes compared to the general 

population.(13) Similar to our study the incidence of 

hypertension in patients with DN was 66.3% in study 

conducted by Anand Verma(14) and 60.5% by Molefe-Baikai 

OJ.(15) Despite the presence of 67.14% of patients with 

hypertension, the average systolic and diastolic blood 

pressure were within the normal limits of the study 

population. (SBP values ranged between a maximum of 210 

to a minimum of 90 whereas the DBP ranged between a 

maximum of 140 to a minimum of 60) Also, the patients who 

were diagnosed with hypertension prior to that of DM were 

excluded from the study. Thus, no strong correlation was 

found amongst the blood pressure and ACR values in the 

study. 

Signs of diabetic retinopathy (DR) was seen in 52.38% of 

enrolled patients in our study, with majority (36.17%) 

reporting mild non-proliferative diabetic retinopathy which 

was similar to the incidence of diabetic retinopathy in study 

conducted by Xiao-Qian Li(16) and Parving HH.(17) Trevisan et 

al(18) and Junlin Zhang(19) indicated that the severity of 

glomerular lesions was significantly associated with DR and it 

was an independent risk factor for the renal outcomes in 

patients with DN. 

The average albumin: creatinine ratio and 24-hour urine 

protein in our patients was 390.95 ± 1029.8 mg/g and 631.97 

± 1387.9 mg respectively. With ACR, proteinuria was present 

in 80.95% patients and with 24 hr urinary protein, 

proteinuria was present in 59.04% patients (p<0.0001). 

Thus, ACR showed sensitivity of 100%, specificity of 46.51% 

with PPV of 72.94% and NPV of 100%. The above results can 

be compared to study conducted by Ewald and Attia(20) found 

that ACR on a random specimen had a sensitivity of 90% and 

a specificity of 84%, and they suggested that ACR on a 

random urine specimen be used routinely as the initial test in 

screening diabetics for MA. The result of our study and 

similar other studies have reported higher sensitivity of ACR 

in diagnosing micro-albuminuria. And thus, should be used 

routinely for early diagnosis of DN, since it is easy to conduct 

and with a very high sensitivity. 

Majority of the patients had ACR between 30-300 mg/g 

i.e. microalbuminuria followed by those with >300 mg/g i.e. 

macroalbuminuria. Among those with ACR >300 mg/g 

(macroalbuminuria/overt proteinuria) the duration of 

diabetes and 24hr urinary protein was significantly higher as 

compared to those with ACR 30-300 mg/g 

(microalbuminuria). The above results were in line with 

study conducted by Monika Pathania where the average 

duration of diabetes was significantly high in patients with 

macro albuminuria/overt proteinuria as compared to those 

with microalbuminuria. Similarly, 24 hr urinary protein was 

also significantly high in patients with macroalbuminuria. 

USG –KUB was performed in 166 patients out of the 210 

and was found to be normal in 73.49% patients. Among those 

with abnormal findings, medical renal disease with 

maintained corticomedullary differentiation (CMD) was 

common finding. The USG findings were positively correlated 

with ACR in our study. The presence of normal CMD in 

majority of the patients with abnormal USG denotes that 

majority are still in the early phase DN. Only in advanced 

stage of nephropathy cortical echotexture and CMD are 

altered. Our results were similar to study conducted by 

Basanta Majari(21) in patients with DN, who reported 89% 

patients had normal CMD. 

Patients in our study were also evaluated for 

macrovascular complications of diabetes such as IHD/DCMP, 

Stroke. 2-D echo were performed in patients and were 

suggestive of features of IHD/DCMP in about 31% patients. 

However, no positive correlation with urine ACR were found 

suggesting that ACR does not correlate well with the 

macrovascular complications of DM. 

We also tried analysing correlation of ACR with the 

various parameters in the study. We found that urine ACR has 

a strong positive correlation with 24 hr urinary protein. Also, 

positive correlation was seen with serum creatinine, blood 

urea, potassium. It was also positively correlated with HbA1c, 

anemia, duration of diabetes, presence of diabetic 

retinopathy. Similar findings were reported by Yadav BK,(22) 

Biradar SB(23) and Tarig Karar.(24) Thus the result of our study 

and similar other study suggest that random urinary ACR is 

appropriate for quantitative assessment of micro-

albuminuria and can be used instead of using 24-hours urine 

protein. 

 

 
 

 

CONC LU S ION S  
 

 

 

ACR has a strong positive correlation with 24-hr urinary 

protein. Urinary ACR had high sensitivity in diagnosing 

micro-albuminuria. As it is easy to perform, it should be 

included in routine practice for early screening of 

nephropathy in all patients of type-2 DM. Positive correlation 

of ACR was seen with HbA1c, anaemia, and duration of 

diabetes indicating the role of strict glycaemic control, and 

early detection of proteinuria. Positive correlation of ACR was 

seen with diabetic retinopathy. 
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