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INTRODUCTION 

Diabetes mellitus is a metabolic disorder of multiple 

etiology characterized by chronic hyperglycaemia with 

disturbance in carbohydrate, fat and protein metabolism 

resulting from defects in insulin secretion, insulin action 

or both.1 Long term effects of diabetes are responsible for 

the macro and microvascular complications.2 

Diabetic Nephropathy is a major microvascular 

complications of diabetes.3 Its earliest manifestation is the 

appearance of low amounts of albumin in the urine of 

patients (> 30 mg/day but < 300 mg/day) referred to as 

microalbuminuria.4 It is easily measured but frequently 

overlooked as a tool for assessment of impairment of 

kidney functions and is associated with progression of 

chronic kidney disease (CKD) to more advanced stages 

or to end-stage renal disease (ESRD).5 

Along with microalbuminuria, serum creatinine 

concentration is also a widely accepted parameter to 

measure nephropathy. It is interpreted as a measure of the 

glomerular filtration rate (GFR) and is used as an index 

of renal function in clinical practice.6 

The pathogenesis of diabetic nephropathy is mediated by 

persistent hyperglycemia.7 The level of glycosylated 

hemoglobin is proportional to the average blood glucose 
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ABSTRACT 

 

Background: Regular screening of levels of glycosylated hemoglobin and microalbuminuria, diabetic nephropathy 

can be prevented. The aim was to assess and compare the levels of glycosylated hemoglobin, microalbuminuria and 

serum creatinine in type 2 diabetic patients divided in groups of those on default antidiabetic treatment compared with 

those on regular antidiabetic treatment and to assess its correlation in type 2 of diabetic nephropathy.  

Methods: Two hundred diabetic patients above 40 years of age and 200 age matched control subjects with levels of 

glycosylated hemoglobin < 6.5% and on regular antiglycemic therapy were selected. Fasting plasma sugar was 

estimated by the glucose oxidase (GOD) - glucose peroxidase (POD). Glycosylated hemoglobin and microalbuminuria 

level was measured by the immunoturbidimetric method and serum creatinine estimation was done by the Jaffe’s kinetic 

method. p value was drawn using the student’s paired t-test.  

Results: There is a strong correlation between the increase in the levels of glycosylated hemoglobin with the 

corresponding rise in the levels of microalbuminuria and serum creatinine.  

Conclusion: Periodic surveillance of the levels of microalbuminuria should be carried out in the type 2 diabetic 

patients to prevent further damage by early detection of diabetic nephropathy. 
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concentration over the previous four weeks to three 

months. This gives an assessment of the glycemic control 

of the patient. 8  

Thus, the effect of intensive glycemic control in the 

development of microvascular complications establishes 

the clinical utility of HbA1c as a tool to assess the risk of 

complications of diabetes.9 With regular screening of 

levels of glycosylated hemoglobin and microalbuminuria, 

diabetic nephropathy can be prevented.  

METHOD 

This is a cross sectional analytical study, carried out in 

the Department of Pathology, Jawaharlal Nehru Medical 

College, Datta Meghe Institute of Medical Sciences.  

Two hundred diabetic patients above 40 years of age with 

a minimum duration of 5 years of diabetes from the time 

of diagnosis, admitted in the Department of /Medicine 

and Surgery were recruited in the study28.  

Exclusion criteria30 

1. Diabetic patients with overt albuminuria i.e. 

urinary albumin excretion > 300 mg/24 hrs.  

2. Diabetic patients with anemia were excluded as the 

level of glycosylated hemoglobin is dependent on 

the life span of RBCs.  

Institutional Ethical Committee clearance was taken and 

consent was obtained from the participant. A proforma 

regarding the demographic data, duration, details of 

treatment and complications of diabetes was recorded.  

Two hundred control subjects were selected from an age 

matched population on the basis of the levels of 

glycosylated hemoglobin < 6.5% who were on regular 

antiglycemic therapy 

As per American Diabetes Association, diabetes was 

defined by levels of fasting plasma glucose ≥ 126 

mg/dl.31  

Venous blood and the first morning urine samples were 

collected. Fasting and post meal plasma sugar estimation 

was done by the GOD - POD method using the Glucose 

kit (Mono reagent) by Asritha. Fasting plasma glucose 

levels between 70mg/dl to 100 mg/dl was considered 

normal, between 100mg/dl to 125 mg/dl was taken as 

prediabetes and ≥ 126 mg/dl was taken as a criterion for 

diagnosis of diabetes.31 

Serum creatinine estimation was done by modified 2-

point Jaffe’s kinetic method using alkaline picrate. 

Normal serum creatinine for adults was taken as 0.5 – 1.0 

mg/dl.32  

Glycosylated hemoglobin level was measured by the 

immunoturbidimetric method in the Randox RX Daytona 

clinical chemistry automatic analyser. Level of 

Glycosylated hemoglobin from 5.7% to 6.4% was 

considered as prediabetes and levels ≥ 6.5% as a 

diagnostic criterion for diabetes.31 

Urine albumin was assessed by the reagent strip method 

using the reagent strips from Teco Diagnostics based on 

protein error- of- indicator principle and expressed in 

mg/dl. Dipsticks show reactivity only in the presence of 

macroalbuminuria. Thus, patients with positive dipstick 

test were excluded from the study. When dipstick  

showed no reaction, the sample was tested for micro- or 

normoalbuminuria. 

Microalbuminuria was assessed by turbidimetric 

immunoassay based on the principle of agglutination 

reaction using the Turbilyte-MA kit by Tulip diagnostics 

and expressed in terms of mg/L.  

The reference value of urinary albumin in normal 

population was taken to be <20mg/L. Microalbuminuria 

was considered when urine albumin excretion was 20-

200 mg/L or 30-300 mg/24 hrs.6,30 

The values of the serum creatinine, glycosylated 

hemoglobin and microalbuminuria of the patients were 

stratified into group A and B based on the fasting sugar 

levels of the patients. Group A comprised of patients with 

fasting blood sugar levels between 126-200mg/dl and 

Group B had patients whose fasting blood sugar levels 

were more than 200mg/dl.28 

An attempt was made to correlate the variables selected 

for the study (HbA1c and microalbuminuria) with the 

extent of renal damage through the values of serum 

creatinine. 

The statistical analysis for the value of significance (p 

value) was drawn using the student’s paired t-test. The 

intervariable relationship was attempted for HbA1c and 

microalbuminuria.  

RESULTS 

Two hundred known diabetic patients above 40 years  
of age were taken as cases. Two hundred age matched 
subjects with known diabetes on oral anti glycemic drugs 
were selected as control subjects for comparison of the 
results with the study subjects in regard to nephropathy. 

The mean fasting and post meal plasma sugar level across 
all the ages of the case subjects was 176.69 ± 58.28mg/dl 
and 281.37 ± 64.8 mg/dl respectively. There was no 
homology of values for distribution across the age ranges 
for mean fasting and post meal plasma sugar levels. 

The mean glycosylated hemoglobin of the case subjects 
having diabetes for 5-10 years was 13.32± 5.98% and the 
corresponding mean value of microalbuminuria was 
127.14 ± 52.92 mg/L. This is highly statistically 
significant with the p value less than 0.0001, df =128. 
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Table 1: Distribution of demographic characters of case subjects and control subjects. 

Age 

group 

(years) 

Sex Duration of diabetes (years) Positive Family 

history of 

diabetes 

Total no. of 

patient Male Female 5-10 >10 

 
Study 

subjects 

Control 

subjects 

Study 

subjects 

Control 

subjects 

Study 

subjects 

Control 

subjects 

Study 

subjects 

Control 

subjects 

Study 

subjects 

Control 

subjects 

Study 

subjects 

Control 

subjects 

31-40 4 3 1 2 5 - - 5 5 5 5 5 

41-50 34 30 13 17 47 - - 47 17 16 47 47 

51-60 31 26 20 25 7 2 44 49 41 37 51 51 

61-70 50 38 25 37 5 7 70 68 68 61 75 75 

71-80 14 10 4 8 1 8 17 10 15 14 18 18 

>80 1 2 3 2 - 1 4 3 4 4 4 4 

Total 

no. of 

patient 

134 

(67%) 

109 

(54.5%) 

66 

(33%) 

91 

(45.5%) 

65 

(32.5%) 

18 

(9%) 

135 

(67.5%) 

182 

(91%) 

150 

(75%) 

137 

(68.5%) 
400 

Table 2: Distribution of the case subjects and control subjects according to the plasma sugar levels over  

the age ranges. 

Age range 

(years) 

Plasma sugar levels (mg/dl) Total number of 

patients Fasting Plasma Sugar Levels Post meal Plasma Sugar Levels 

 Case subjects Control subjects Case subjects Control subjects 
Case 

subjects 

Control 

subjects 

31-40 191.6 ± 117.4 119.4± 7.79 329.6 ± 93.52 148.8± 14.97 5 5 

41-50 173.68± 66.99 120± 6.86 281.8± 66.17 152.55± 8.9 47 47 

51-60 179.58± 57.78 118.31± 6.7 293.92± 63.82 150.23±10.65 51 51 

61-70 173.24± 48.61 118.82± 6.65 269.34± 61.59 152.34± 9.58 75 75 

71-80 188.27± 55.29 119.5± 7.7 279.22± 61.05 151.72±9.77 18 18 

>80 169.25± 71.31 118± 6.05 291 ± 82.45 145.25± 6.99 4 4 

Mean 176.69± 58.28 119.03± 6.77 281.37 ± 64.8 151.57±9.82 400 

Table 3: Comparison of glycosylated hemoglobin with microalbuminuria according to the duration of  

diabetes in study subjects and control subjects. 

Duration  

of diabetes 

(years) 

HbA1c (%) Microalbuminuria (mg/L) Total P value 

 Case subjects 
Control 

subjects 

Case  

subjects 

Control  

subjects 

Case 

subjects 

Control 

subjects 
 

5 – 10 13.32± 5.98 5.79± 0.32 127.14± 52.92 17.94±2.31 65 18 < 0.0001 

>10 15.10 ± 4.34 5.91± 0.25 153.34 ± 32.90 19.18±2.74 135 182 < 0.0001 

Table 4: The comparison of the levels of microalbuminuria versus the variables of fasting plasma sugar, 

glycosylated hemoglobin and serum creatinine in Group A and Group B of the study subjects. 

 Group A Group B  

Micro 

Albuminuria 

(mg/L) 

Fasting 

Plasma 

Sugar* 

(mg/dl) 

Glycosylated 

Hemoglobin** 

(%) 

Serum 

Creatinine*** 

(mg/dl) 

Fasting 

Plasma 

Sugar* 

(mg/dl) 

Glycosylated 

Hemoglobin** 

(%) 

Serum 

Creatinine*** 

(mg/dl) 

Total 

200 

21-50 

(38.67±6.4) 
130.61± 4.23 7.28± 0.33 2.46 ±1.27 - - -  

Total 14 - 13 

51-80  

(63.85± 11.33) 
130.75±4.86 9.47 ± 3.62 3.36±0.94 - - -  

Total 8 - 8 

81-110 

(98.41±10.29) 
134.11±15.80 10.67± 3.37 4.84± 1.00 - - -  

Total 17 - 17 
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111-140  

(128.15± 7.32) 

141.42± 

20.06 
12.02± 2.61 6.26± 0.33 238.66±41.99 15.33±1.53 6.53±0.45  

Total 21 6 27 

141-170 

(157.82±7.94) 

151.09± 

18.84 
14.37± 3.23 7.40±  0.85 

240.28± 

32.84 
15.63± 3.98 7.37±1.14  

Total 52 21 73 

171-200  

(182.21± 7.38) 
159.17±17.73 16.02± 4.02 8.23±1.5 275.51±57.71 21.2± 4.61 8.92±0.60  

Total 35 27 62 

Mean 

Microalbuminuria 
136.85 ± 45.48 166.37 ± 19.47  

*P value < 0.0001; **P value < 0.0001; ***P value < 0.0001 

 

In the 135 patients having diabetes for over 10 years, the 

mean glycosylated hemoglobin was 15.10 ± 4.34% and 

the corresponding mean value of microalbuminuria was 

153.34 ± 32.90 mg/L. This is statistically significant with 

the p value less than 0.0001, df= 268.  

The comparisons through the graded quantification of 

microalbuminuria, shows a linear correlation between the 

fasting plasma sugar and glycosylated hemoglobin in 

Group A as well as in Group B patients of the study 

population. The value of significance is high for these 

variables when compared with the increasing grade of 

microalbuminuria and also intervariable comparisons of 

fasting sugar, glcosylated hemoglobin and kidney 

function indicator of serum creatinine. Group B patients 

who had the fasting plasma glucose value of 

238.66±41.99 mg/dl with further change in its value 

correlated with glycosylated hemoglobin to possess the 

similar ascending value relationship. However, there 

were overlaps for the values of mean fasting plasma 

sugar, glycosylated hemoglobin and serum creatinine of 

Group A subjects with that of Group B subjects for the 

same variables when microalbuminuria was over 

111mg/L with mean of 128.15± 7.32mg/L.  

Table 5: Comparison of study population versus age 

matched control subjects. 

 
Case 

subjects 

Control 

subjects  

P 

value 

Duration 

of 

diabetes 

5- 10 

years 
65 (32.5%) 18 (9%)  

>10 

years 
135(67.5%) 182(91%)  

Positive Family 

history 
150 (75%) 137 (68.5%)  

Fasting Plasma 

sugar level 

176.69± 

58.28 
119.03± 6.77 

< 

0.0001 

Post meal plasma 

sugar level 
281.37 ± 64.8 151.57±9.82 

< 

0.0001 

Glycosylated 

hemoglobin 
14.54 ± 4.99 5.94±0.26% 

< 

0.0001 

Microalbuminuria 144.82±42.20 19.07± 2.6 
< 

0.0001 

Serum creatinine 6.09 ± 2.03 
1.47±0.14 

mg/dl. 

< 

0.0001 

It is observed that the mean fasting plasma glucose value 

appeared well controlled in the control subjects on 

regular oral antiglycemic drugs with the mean values of 

119.03± 6.77mg/dl. All the other variables indicating 

diabetes control and renal damage were on the lower side. 

The p values suggested that all these values in the study 

population are significantly raised suggesting high grade 

nephropathy, decreased renal function and damage.  

DISCUSSION 

The studies reviewed for the present work have shown 

that the complications of diabetic nephropathy begin to 

set in if the patient has had diabetes for over 5 years as 

quoted by Neil et al.,12 Forsblom et al.,15 Stratton et al.,16 

Tabaei et al.17 Bruno et al.,18 Verhave et al.,20 Wu et al.,22 

Retnakaran et al.,23 Parvanova et al.,24 Parving et al.,25 

Naveen et al.28 and that the duration of diabetes reflects 

on diabetic nephropathy and its severity.12, 15, 16, 17, 18, 20, 22, 

23, 24, 25, 28 The observations of the present study are in 

concordance with these studies. However, the studies of 

Mattock et al.11 and Rossing et al.21 stated that the 

presence of microalbuminuria is not associated with the 

known duration of diabetes.  

The study observed that the levels of glycosylated 

hemoglobin and microalbuminuria were found to increase 

with the increase in the duration of diabetes. This 

correlation was highly significant and supported by the 

studies of Mattock et al.,11 Neil et al.,12 Forsblom et al.,15 

Tabei et al.,17 Bruno et al.,18 Wu et al.,22 Parvanova et al.,24 

Naveen et al.28 In the studies conducted by Tahara et al.,13 

a rise in the levels of glycosylated hemoglobin was seen 

along with the increase in the duration of diabetes. Adler et 

al.19 reported a rise in the levels of microalbuminuria along 

with the duration of diabetes at a rate of 2.0% per year. The 

increase in these values is explained by the pathogenesis of 

formation of glycated hemoglobin. Longer duration of 

uncontrolled diabetes pathogenetically correlates with the 

higher values of glycated hemoglobin. 

This study shows that the level of glycosylated 

hemoglobin also increases with levels of fasting plasma 

sugar levels. This was supported in the studies of 

Aleyassine et al.10 and Tahara et al.13 This was also 

associated with increasing levels of serum creatinine 

which was highly significant, thus indicating renal 

damage. This was similar to the findings of the studies of 

Forsblom et al.,15 Bruno et al.,18 Adler et al.,19 Rossing et 
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al.,21 Retnakaran et al.,23 Parvanova et al.,24 Parving et 

al.25 and Makita et al.29 A highly significant correlation 

was also seen with the rise in the levels of 

microalbuminuria along with the increase in fasting 

plasma sugar. This indicates increased renal damage with 

increase in fasting plasma sugar levels. This was 

supported by the studies of Adler et al.,19 Rossing et al.,21 

Parvanova et al.,24 Retnakaran et al.,23 Parving et al.,25 

Forsblom et al.,15 Makita et al.29 and Bruno et al.18 

Microalbuminuria as an indicator of nephropathy and 

renal damage has been concomitantly correlated with 

fasting plasma sugar, glycosylated hemoglobin and 

occasionally with serum creatinine by many workers. The 

study of Retnakaran et al.23 stated that these variables rise 

together if not intervened by antiglycemic drugs. 

However, multivariate model of the same study has found 

that the rise in glycosylated hemoglobin was an 

independent predictor of microalbuminuria. Parving et 

al.25 in his study suggested that at the mean level of 

HbA1c of 7.5%, microalbuminuria could be 

demonstrated in 39% of the patients and overt 

albuminuria in 9.8% of the patients while other remained 

normoalbuminuric. In the main study done by Parvanova 

et al.,24 glycosylated hemoglobin and serum creatinine 

were significantly and independently associated with 

microalbuminuria. The study done by Bruno et al.18 used 

a multivariate conditional logistic regression analyses to 

calculate the effect of the mean value of glycosylated 

hemoglobin in the progression of normoalbuminuria to 

microalbuminura. It was found that the relative risk of 

progression to overt nephropathy was twofold higher in 

micro- than in normoalbuminuric patients. Rossing et 

al.21 also used a multivariate analysis which revealed that 

higher values of albuminuria (581 mg/24hrs) and 

glycosylated hemoglobin (8.9%) along with baseline 

Glomerular Filtration Rate were significantly associated 

with an increased rate of decline in kidney function. It 

was noted in the follow up of this study that the baseline 

serum creatinine values doubled in 28% of these and they 

developed End Stage Renal Disease. Wu et al.22 in his 

study had noted that glycemic control prevents 

development of nephropathy. Forsblom et al.15 in his 

study showed that long term glycemic control was an 

independent risk factor for the progression to 

microalbuminuria. Naveen et al.28 in their observed that 

the levels of microalbuminuria increased significantly 

with poor glycemic control and correlated with elevated 

serum creatinine levels indicating renal damage.  

The observed differences in the levels of plasma sugar, 

glycosylated hemoglobin, microalbuminuria and serum 

creatinine between study subjects and control subjects is 

attributable to the good glycemic control which prevents 

the rise in the levels of microalbuminuria and serum 

creatinine and subsequently prevents the development of 

diabetic nephropathy as one of the complication of 

diabetes mellitus. This was supported by the study of 

Naveen et al.28 which was carried out using the similar 

methods as the present study.  

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

CONCLUSION 

 The study concluded that with increase in the 

duration of diabetes and fasting plasma sugar levels, 

the levels of glycosylated hemoglobin increase 

correspondingly.  

 Increase in the levels of glycosylated hemoglobin is 

associated with a corresponding rise in the levels of 

microalbuminuria and serum creatinine is seen which 

predicts the progression of renal damage.  

 Microalbuminuria as an indicator of nephropathy and 

renal damage has been linearly correlated with 

elevated fasting plasma sugar, glycosylated 

hemoglobin and serum creatinine. 

 Better glycemic control is seen in patients on regular 

antidiabetic treatment than defaulters, thus 

preventing the rise in the levels of microalbuminuria 

and serum creatinine and subsequent development of 

diabetic nephropathy as a complication of diabetes 

mellitus. 

 It is therefore suggested that surveillance of the levels 

of microalbuminuria should be carried out periodically 

in the type 2 diabetic patients to prevent further 

damage by early detection of diabetic nephropathy.  
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