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INTRODUCTION
Diabetes mellitus is one of the most important metabolic disorder 
whereby morbidity is associated with serious complications 
which involve macrovascular disease (Coronary artery disease, 
Cerebrovascular disease and Peripheral Arterial Disease) as well as 
microvascular disease (retinopathy, nephropathy and neuropathy) 
[1]. The risk of chronic complications in patients of diabetes mellitus 
depends on the duration of hyperglycemia and they usually become 
manifest in the second decade of the development of Diabetes 
mellitus [2].  

Increased intracellular glucose leads to formation of advanced 
glycosylation end products (AGEs) via non-enzymatic glycosylation 
of cellular proteins. These advanced glycosylation end products 
crosslink proteins i.e. collagen, extracellular matrix proteins and 
hence, promote glomerular dysfunction [3].

In the capillaries of the renal glomeruli, albumin binds to the glycated 
basement membrane which leads to increased basement membrane 
thickening and is a characteristic of diabetic microangiopathy 
[4]. Hence, the development of diabetic nephropathy is initiated. 
Increased intraglomerular pressure, loss of negatively charged 
glycosaminoglycans in the basement membrane and increased 
basement membrane pore size contribute to albuminuria [5].

Also, hyperglycemia increases the expression of transforming 
growth factor beta (TGFβ) in the glomeruli and of matrix proteins. 
TGFβ contributes to both cellular hypertrophy and enhanced 
collagen synthesis, which is seen in diabetic nephropathy [6]. 

In random spot collection technique, normal albumin excretion is 
less than 30 µg/mg of creatinine; microalbuminuria is defined as 
albumin excretion of 30-299 µg/mg of creatinine. Albumin excretion 
300 µg/mg of creatinine or higher is called macroalbuminuria. 
Microalbuminuria is used as a screening test for the presence of 
Diabetes related kidney disease [7].
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Diabetes mellitus causes progressive changes to the kidneys and 
ultimately results in diabetic nephropathy [8]. This complication 
progresses over years and may be delayed by aggressive glycemic 
control. Glycosylated hemoglobin (HbA1c) is measured as a marker 
of glycemic control [9]. High levels of HbA1c are associated with 
increased risk of development of microangiopathy in diabetics. 
Microalbumin measurements are useful to assist in diagnosis at 
an early stage and before the development of proteinuria [10]. 
An annual assessment of kidney function by the determination 
of urinary albumin excretion and of HbA1c for glycemic control is 
recommended for diabetes patients [11].  

The present study evaluates the prelevance of albumin creatinine 
ratio (ACR) in patients of diabetes mellitus, along with its relation 
with HbA1c, duration of diabetes and effect of smoking in rural 
North Indian population, which previously has not been studied.

MATERIALS AND METHODS
The present cross-sectional study was conducted from July 2011 
to June 2012 in the Department of Biochemistry, Santosh Medical 
College & Hospital, Ghaziabad, Uttar Pradesh, India. This study 
was approved by ethical committee of the institution and informed 
consent was obtained from all the subjects. Purposive random 
sampling technique was used for data collection. Patients included 
in the study were having history of Diabetes mellitus for 10y or 
more and were undergoing treatment i.e. Oral Hypoglycemics for 
Diabetes and were normotensive.

Cases having proteinuria which was detectable by dipstick tests 
and having any evidence of urinary tract infection were excluded 
from the study.

For statistical significance and comparison, all these cases were 
divided into three different groups. Their age was ranging from 20-
50 years. Urinary albumin, urinary creatinine, fasting plasma glucose 
and HbA1c levels were measured in all the subjects.
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ABSTRACT
Introduction: Macrovascular and microvascular complications of 
diabetes mellitus are a consequence of metabolic derangement 
mainly hyperglycemia. Diabetic nephropathy being one of 
them causes end stage renal disease. Hence, to detect renal 
involvement, microalbuminuria can be considered as an early 
marker.

Aim: To study mean albumin creatinine ratio (ACR) in type 1 
and type 2 diabetes mellitus with respect to HbA1c, duration of 
diabetes and smoking.

Materials and Methods: Two hundred cases of type 1 and type 
2 diabetes mellitus and 100 controls, age and sex matched were 

included in this study and measured for spot urinary albumin, 
spot urinary creatinine, fasting plasma glucose and HbA1c. 

Results: It was observed that mean ACR was significantly 
elevated in type 1 and type 2 diabetes mellitus as compared 
to the controls. Mean ACR increases in diabetics with poor 
glycemic control, duration of diabetes and smoking.

Conclusion: The early detection of microalbumin in diabetics 
can significantly reduce the progression of renal complications 
and before the development of proteinuria.
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by enzymatic method [14] and HbA1c by immune-inhibition method 
[15]. 

STATISTICAL ANALYSIS
Data analysis was done using the Statistical Package for Social 
Sciences (SPSS) for Windows version 10. Chi-square test and 
Logistic Regression were used to determine the correlation 
between ACR with glycosylated hemoglobin, duration of diabetes 
and smoking. p-value (<0.001) was considered as statistically 
significant.

RESULTS
Among 200 cases of diabetes mellitus, 35% patients had a familial 
history of diabetes mellitus. [Table/Fig-1,2] shows the comparison 
of albumin creatinine ratio (ACR) with glycosylated hemoglobin and 
duration of diabetes in type 1 and type 2 diabetes mellitus patients 
respectively. Based on the analysis, it was observed that albumin 
creatinine ratio (ACR) increased significantly with poor glycemic 
control and with duration of diabetes (p < 0.001).

[Table/Fig-3] shows that albumin creatinine ratio (ACR) was 
significantly elevated in type 1 and type 2 diabetes mellitus patients 
with smoking habits as compared to type 1 and type 2 diabetics 
with no history of smoking.

DISCUSSION
Diabetes mellitus is a global problem. The increased morbidity and 
mortality in Diabetes mellitus lead to search for marker for early 
detection of renal complications. 

It was reported that out of 135 patients with long standing type I 
Diabetes mellitus (> 30 years duration) 24.4% patients developed 
microalbuminuria during 7y follow up period [16]. In a study, 277 
patients of type I Diabetes mellitus were followed for a median period 
of 18y (range 1-21.5y).  They found that 33% patients developed 
microalbuminuria [17].

The DEMAND study found that the overall global prevalence of 
microalbuminuria was 39% [18]. It has been reported the prevalence 
of microalbuminura in Japanese type 2 patients was 32% [19]. 

 In a study conducted in Saudi Arabia, the overall prevalence of 
microalbuminuria was reported in both type I and type II Diabetes 
mellitus as 49.3% [20]. It was also observed that the prevalence 
of microalbuminuria was found to be 52.04% among all diabetic 
patients [21].

It was reported that the risk of developing microalbuminuria in 
patients with known duration of Diabetes 10-14 years was 4.11 
times higher compared with patients with known duration of 
Diabetes 0-4 years [22].

The level of mean blood glucose, effectiveness of treatment and 
risk of development of possible long term chronic complications are 
associated with poor glycemic control. It was stated that urinary 
microalbumin and HbA1c levels were significantly higher in the 
diabetic cases [23]. 

Microalbumin levels were linearly correlated to the duration of 
diabetes and HbA1c. In our study we observed that elevated 
levels of HbA1c and microalbuminuria are related with increase in 
the duration of the disease and was found statistically significant 
(p<0.001).   In a recent study it was observed that microalbuminuria 
has a highly significant correlation with HbA1c (p<0.05) [24].  

It was also  reported  that  microalbuminuria is related to hyperg
lycemia and control of blood glucose level prevents the development 
of nephropathy in type 1 & 2 diabetes [25]. 

In our study, type I and type II Diabetes mellitus cases who were 
smokers, the mean albumin creatinine ratio was found to be 89 
and 125µg/mg of creatinine respectively while in type I and type 

Duration 
of DM (in 

yrs.)

No. of 
Patients
(n=90)

     ACR
(µg/mg of 
creatinine)

HbA1c (%) p-value Remarks

Group1
10-14

58 58.83 7.04 <0.001 S

Group 2
15-19

28 74.96 7.89 <0.001 S

Group 3
≥20 years

14 92.33 8.45 <0.001 S

Duration of 
DM  

(in yrs.)      

No. of 
Patients
(n=110)

ACR
(µg/mg of 
creatinine)

HbA1c (%) p-value Remarks

Group1
10-14

58 64.45 7.04 <0.001 S

Group 2
15-19

28 86.37 7.89 <0.001 S

Group 3
≥20 years

14 144.5 8.45 <0.001 S

Group       Habit No. of 
Patients 

      ACR
(µg/mg of 
creatinine)

p-value Remarks

Type 1 
Diabetes 
mellitus 

Smokers 42 89.0 <0.001 S

Non-
smokers 

48 25.04

Type 2 
Diabetes 
mellitus 

Smokers 52 125 <0.001 S

Non-
smokers 

58 26.38

[Table/Fig-1]: Comparison of ACR, duration of diabetes and glycosylated hemoglobin 
(HbA1c) in cases of type 1 diabetes mellitus

[Table/Fig-2]: Comparison of ACR, duration of diabetes and glycosylated hemoglobin 
(HbA1c) in cases of type 2 diabetes mellitus

[Table/Fig-3]: Comparison of ACR with smoking in cases of type 1 and type 2 
diabetes mellitus (s= significant)

Group- I: The Control Group 
Hundred normal healthy individuals comprised of 59 males and 41 
females which were selected from teaching faculty and para medical 
staff at Santosh Medical College & Hospital. 

Group-II: Type I Diabetes Mellitus 
Ninety cases of type I Diabetes mellitus comprised of 47 males and 
43 females. 

Group-III: Type II Diabetes mellitus 
Hundred and ten cases of type 2 Diabetes mellitus comprised of 62 
males and 48 females. 

The diabetic cases were selected from the OPD patients attending 
the Diabetes Clinic, Department of Internal Medicine, Santosh 
Medical College & Hospital, UP,  India. 

Urine sample was collected in clean, sterile plastic container. 
Collected urine sample was tested by dipsticks for the presence 
of frank proteinuria. Dipstick negative urine samples were used for 
quantitation of albumin and creatinine within 4h of voiding. Urinary 
albumin was analysed by ion exchange high performance liquid 
chromatography (HPLC) method [12]. Urinary creatinine   was   
estimated by alkaline picrate, Jaffe’s Method [13]. In this study, 
randomly selected patients went for spot urinary albumin estimation 
and spot urinary creatinine estimation to detect microalbuminuria by 
measuring albumin creatinine ratio and HbA1c level estimation was 
done to analyse the glycemic control in diabetic patients.

Blood samples were collected after 10-12h of fasting under all 
aseptic precautions. Approximately 2ml of venous blood was drawn 
by a dry and sterilized syringe, to measure fasting plasma glucose 
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II Diabetes mellitus who were non-smokers, the mean albumin 
creatinine ratio was found to be 25.04 and 26.38 µg/mg of creatinine 
respectively [Table/Fig-3].

When the difference of mean albumin creatinine ratio was compared 
between smoker and non-smoker type I and type II diabetic patients, 
it was found to be statistically significant (p<0.001).

In accordance with our study, it was concluded that smoking 
is associated with high amounts of carboxyhaemoglobin and 
decreased oxygen delivery to tissue; albuminuria may be caused by 
hypoxia in the renal microcirculation [26].

It was found that smoking increases the risk of progression from 
microalbuminuria to  overt proteinuria [27] and that in patients of 
type I Diabetes mellitus, loss of renal function was slower in those 
patients who stopped smoking [28]. It was concluded that in patients 
of type 2 Diabetes mellitus, smoking increases the risk of developing 
microalbuminuria and they progressed to end stage renal disease 
twice as quickly when compared with non-smokers [29].

It was identified that smoking was as an important risk factor for 
the development and progression of microalbuminuria in type 2 
Diabetes mellitus patients [30].

CONCLUSION
Our study indicates that increased levels of microalbuminuria 
have a direct correlation with HbA1c and smoking in diabetic 
patients. It is also associated with duration of diabetes because of 
prolonged exposure of hyperglycemia and formation of advanced 
glycosylation end products. Microalbuminuria can be considered 
as an early marker of renal involvement in diabetes mellitus and 
its early detection can significantly reduce the progression of renal 
complications associated with it. Additionally, there is an urgent call 
for regular screening of microalbuminuria and HbA1c in both newly 
diagnosed and already diagnosed diabetes.
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