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Abstract 

Background: Diabetes mellitus (DM) is a metabolic disorder characterized by a rise in blood 

glucose levels. Uncontrolled diabetes may be associated with various complications, including both 

macrovascular and microvascular. Among these complications, diabetic nephropathy (DN) is 

particularly noteworthy, which eventually results in the onset of chronic kidney failure. Aim: to 

assess urinary enzymes as diagnostic markers for diabetic nephropathy at an early stage in type 2 

diabetes mellitus.  

Materials and methods: A total of 90 diabetic patients, 90 patients with diabetic nephropathy, and 

90 control subjects were recruited. Following this, blood and urine samples were collected and sent 

to the laboratory for estimation of blood glucose levels (FBS mg/dl and PPBS mg/dl) and serum 

creatinine, urine albumin creatinine ratio (mg/g), urine alkaline phosphate (U/l), and urine gamma-

glutamyl transpeptidase (U/l). The data was analyzed by ANOVA using SPSS software version 

26.0.  

Results: An increase in mean blood glucose and serum creatinine, urine albumin creatinine ratio, 

urine alkaline phosphate, and urine gamma glutamyl transpeptidase levels were noticed in both 

patients with DN and DM. Additionally, the DN group showed an even higher rise in blood glucose, 

serum creatinine, urine albumin creatinine ratio, urine ALP, and urine GGT levels than the diabetic 

group.  

Conclusion: Based on the findings of the present study, it is concluded that estimation of serum 

creatinine, urine albumin creatinine ratio, and urinary enzymes are indicators for early diagnosis of 

diabetic nephropathy in DM patients, as all these parameters were elevated in patients with diabetic 

nephropathy and subjects with diabetes mellitus. 

 

Keywords: Diabetic nephropathy (DN), Diabetes mellitus (DM), Urine alkaline phosphatase (ALP), 

Gamma Glutamyl transpeptidase (GGT). 
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INTRODUCTION 

Diabetes mellitus is a metabolic and multifactorial condition characterized by high levels of glucose 

in the blood, referred to as hyperglycemia, due to deficiencies in insulin secretion, function, or both. 

This condition leads to a persistent metabolic imbalance that increases the risk of long-term 

complications, including both macrovascular and microvascular problems. Among these 

complications, diabetic nephropathy is particularly noteworthy. Type 2 diabetes mellitus is a 

prevalent and growing health issue globally. Presently, there are 415 million individuals worldwide 

living with diabetes, and this figure is expected to exceed 642 million by 2040. In India, the 

prevalence of diabetes mellitus is 8.7%, affecting around 69.2 million people, and it is expected to 

rise to 109 million by 2035. 1, 2 

Diabetic nephropathy is a major complication of diabetes that eventually results in the onset of 

chronic kidney failure.3, 4 Individuals suffering from diabetes mellitus (DM) are at a much greater 

risk of developing end-stage kidney failure, with a tenfold higher chance. The International Diabetes 

Federation (IDF) reports that around 40% of people with diabetes could eventually experience final-

stage renal failure. Furthermore, the onset of end-stage kidney failure is often linked to diabetes and 

hypertension, either together or separately, which account for roughly 80% of cases. 5 

Microalbuminuria is an early sign of DN. About 20% of people with microalbuminuria develop 

nephropathy within ten years, and a similar percentage progress to end-stage kidney disease. On the 

other hand, T1DM patients have a 20% risk of developing end-stage kidney failure within ten years 

and 75% within less than two decades. Conversely, individuals with T2DM show signs of 

microalbuminuria and nephropathy shortly after being diagnosed with diabetes.6, 7 

The first indication of diabetic nephropathy is the elevated release of albumin in the urine, coupled 

with the growth of the glomerular and renal components, hyperfiltration, and proliferation of the 

mesangial cells caused by the buildup of extracellular matrix proteins such as fibronectin, laminin, 

and collagen. 8 There exist two categories of risk factors linked to DN, specifically modifiable and 

non-modifiable factors. Modifiable factors include hypertension, glycemic level control, and 

dyslipidemia. Additionally, smoking has been recognized as an extra-modifiable risk factor. 9, 10 

Non-modifiable factors include race, age, pregnancy, genetic makeup, and gender. Individuals with 

a familial background of DN have been found to be more prone to developing the disorder.11  

DN undergoes three distinct phases. The initial phase begins with thickening of the glomerular 

basement membrane (GBM). During this phase, normal glomerular filtration rate (GFR), absence of 

albuminuria, and hypertension are commonly observed for a period of five years following the onset 

of GBM thickening. The subsequent phase involves the progression of mild to severe mesangial 

expansion. Even after two years from the initiation of GBM thickening and mesangial proliferation, 

normal GFR levels persist, and no other clinically significant symptoms are documented. 12 The 

final phase is characterized by glomerular damage and increased microalbuminuria, ranging from 30 

to 300 mg per day. A recent study revealed that 38% of patients developed microalbuminuria, and 

29% saw a decrease in GFR after being followed up for 15 years. The research also indicated a 

progression rate of 2.8% from microalbuminuria to end-stage renal disease (ESRD) and 2.3% from 

GFR to ESRD. 13  

 

MATERIALS AND METHODS 

A prospective open-label comparative study was conducted in the department of biochemistry in 

collaboration with department of general medicine atPt. J.N.M. Medical College and DR. B.R.A.M. 

Hospital, Raipur, C.G., from June 2019 to August 2019. The study protocol was approved by the 

institutional ethical committee, and every participant had given their written informed consent 

before the commencement of the study. Participants were recruited as per the specified inclusion 

criteria. 
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Inclusion criteria: 

• Type 2 diabetic patients of either sex for Group 1 

• Patients of either sex with early diabetic nephropathy as diagnosed by the presence of 

microalbuminuria (30–300 mg/g of creatinine) for group 2 

• Age range between 30-70 years 

• Patients who were willing to give their written, informed concern 

 

Exclusion Criteria 

• Patients with type 1 diabetes mellitus 

• Pregnancy and lactation 

• Patients taking nephrotoxic drugs 

• History of chronic illnesses like liver cirrhosis, coronary heart disease, malignancy, and 

psychiatric problems. 

• Patients with symptoms of urinary tract infection. 

 

Based on the above-mentioned specific inclusion and exclusion criteria and after explaining the 

purpose of the current study, a total of 270 participants were recruited. Out of 270, 90 were 

diagnosed with type 2 DM, 90 had diabetic nephropathy, and the remaining 90 were healthy 

individuals. At the beginning of the study, sociodemographic data along with the past medical 

history of all the participants were taken. Following this, blood and urine samples were collected 

and sent to the laboratory for estimation of basic blood glucose parameters such as HbA1c, FBS, 

and PPBS, as well as serum creatinine and urine albumin creatinine ratio (mg/g), urine alkaline 

phosphate (u/l), and urine gamma glutamyl transpeptidase (u/l), respectively. Data was collected and 

analyzed by ANOVA using SPSS software version 26.0. Results were expressed as mean ± standard 

deviation, and a p value >0.05 was considered to be statistically significant. 

 

RESULTS 

The current study included a total of 270 participants: 90 diagnosed with diabetic nephropathy, 90 

with diabetes mellitus, and the remaining 90 being healthy individuals. Out of the 270 participants, 

160 were male, and the remaining 110 were female. Additionally, the majority of participants (52%) 

were in the 41–50 age group, 26% were in the 31–40 age group, 18% were in the 51–60 age group, 

and the remaining 4% were in the 61–70 age group. Figure-1 

 

 
Figure-1: Showing age wise distribution of study participants 

 

Upon comparison of the groups, a significant difference in mean FBS (mg/dl), PPBS (mg/dl), and 

BMI (kg/m2) was observed, which was statistically significant (P<0.05). Patients with diabetic 
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nephropathy and diabetes mellitus exhibited higher blood glucose levels compared to healthy 

individuals. Furthermore, patients with diabetic nephropathy showed an even greater increase in 

blood glucose levels than diabetic patients. Table 1 and Figure 2. 

When comparison was done between the groups, a notable difference was observed in the mean 

levels of serum creatinine (mg/dl), urine albumin creatinine ratio (mg/g), urine alkaline phosphate 

(u/l), and urine gamma glutamyl transpeptidase (u/l), which was statistically significant (P<0.05). 

Patients with diabetic nephropathy and diabetes mellitus exhibited higher levels of these parameters 

compared to healthy individuals. Furthermore, patients with diabetic nephropathy displayed an even 

greater increase in the mentioned parameters than diabetic patients. Table 2 and figures  

 

Table-1: Level of Blood glucose (FBS&PPBS) and BMI in study and healthy participants 

Variables Group n Mean± SD p value (ANOVA) 

 

FBS(mg/dl) 

Diabetic Nephropathy 90 191.9±52.8  

<0.05 Diabetic Mellitus 90 151.6±23.7 

Healthy Controls 90 83.71±9.21 

PPBS(mg/dl) Diabetic Nephropathy 90 271.35±73.34  

<0.05 Diabetic Mellitus 90 211.75±51.8 

Healthy Controls 90 158.3±15.4 

BMI(Kg/M2) Diabetic Nephropathy 90 28.6 ±  3.5 <0.05 

Diabetic Mellitus 90 24.5±3.5 

Healthy Controls 90 22.0 ±2.14 

P<0.05** statistically significant 

 

 
Figure-2: Histogram showing the mean value of blood glucose and BMI in study group and healthy 

participants 

 

Table-2: Level of serum creatinine& urinary enzymes in study and healthy participants 

 

Variables 

 

Group 

n  

Mean± SD 

p value 

(ANOVA) 

Serum Creatinine (mg/dl) Diabetic Nephropathy 90 1.60 ± 0.28  

<0.05 Diabetic Mellitus 90 0.78 ± 0.14 

Healthy Controls 90 0.71 ± 0.14 

DN DM
Controls

DN DM Controls DN DM Controls

FBS(mg/dl) PPBS(mg/dl) BMI(Kg/M2)

Series1 191.9 151.6 83.71 271.35 211.75 158.3 29.6 28.5 27
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Urine Albumin Creatinine 

Ratio (mg/g) 

Diabetic Nephropathy 90 268.86 ±37.0  

<0.05 Diabetic Mellitus 90 30.56±1.64 

Healthy Controls 90 22.90±4.98 

Urine Alkaline phosphate (u/l) Diabetic Nephropathy 90 16.7±3.87  

<0.05 Diabetic Mellitus 90 8.88± 1.85 

Healthy Controls 90 4.35± 1.36 

Urine Gamma Glutamyl 

transpeptidase (U/L) 

Diabetic Nephropathy 90 45.93  ±8.69  

<0.05 Diabetic Mellitus 90 12.25 ± 1.75 

Healthy Controls 90 6.2  ± 1.48 

P<0.05** statistically significant 

 

 
Figure-3: Histogram showing the mean value of serum creatinine& urinary enzymes in study and 

healthy participants 

 

DISCUSSION 

The primary objective of this study was to assess the urinary enzymes as potential early markers for 

diabetic nephropathy in individuals with diabetes. A total of 270 participants took part in this 

research, with 160 males and 110 females. The majority of participants (52%) fell within the 41–50 

age group, while 26% were in the 31–40 age group, 18% in the 51–60 age group, and the remaining 

4% were aged between 61 and 70 years. Figure -1. There were notable differences in BMI kg/M2 

among participants from the test and control groups, with DN: 28.6 ±3.5; DM: 24.5 ±3.5; and 

control group: 22.0 ±2.14, consistent with previous findings. 14 Significant variations in mean FBS 

(mg/dl) and PPBS (mg/dl) were observed between the groups, with diabetic nephropathy patients 

displaying even higher levels. Figure-2 A similar study also reported a significant increase in mean 

PPBS levels in both diabetes mellitus and DN patients. 15 

Upon comparison of all three groups, a notable difference in average serum creatinine (mg/dl), urine 

albumin creatinine ratio (mg/g), urine alkaline phosphate (u/l), and urine gamma glutamyl 

transpeptidase (u/l) levels was observed among the groups, demonstrating statistical significance 

(p<0.05). Patients with diabetic nephropathy exhibited even higher levels of urinary enzymes and 

serum creatinine. Figure-3 Furthermore, a significant increase in mean serum creatinine levels was 

reported in a previous study (16),  although the diabetic group was not specifically compared with 

patients suffering from diabetic nephropathy. Another study also highlighted a significant elevation 
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in mean urine alkaline phosphate levels in diabetic nephropathy patients compared to those without 

diabetic nephropathy.17 Previous studies have also shown an increase in mean urinary ALP in 

diabetic patients. 18, 19 Additionally, several previous studies have confirmed an increase in urine 

GGT levels in diabetic patients and also in diabetic nephropathy when compared to control subjects. 

20, 21, 22, and 19 

Urinary enzymes such as alkaline phosphatase and gamma glutamyl transferase are indicators of 

tubular injury. ALP and GGT are located in the luminal brush border of the epithelial cell membrane 

within the proximal tubule lumen. 23, 24 Since tubular damage occurs before glomerular damage, the 

levels of these enzymes can rise, making them valuable early diagnostic markers for diabetic 

nephropathy. Microalbuminuria, or diabetic nephropathy associated with significant glomerular 

damage, is regarded as an early marker of kidney dysfunction in individuals with type 2 diabetes 

mellitus. Diabetic nephropathy is the primary cause of end-stage renal disease, and high blood sugar 

levels are a major factor in its progression. 

 

CONCLUSION 

The urinary enzymes alkaline phosphatase and gamma glutamyl transferase are markers of tubular 

damage. Based on the findings of the present study, it is concluded that estimation of serum 

creatinine, urine albumin creatinine ratio, and urinary enzymes are indicators for early diagnosis of 

diabetic nephropathy in DM patients, as all these parameters were elevated in patients with diabetic 

nephropathy and in subjects with diabetes mellitus.  

 

ACKNOWLEDGEMENT: We would like to acknowledge Department of Biochemistry for the 

technical support provided for this study. 

 

REFERENCES 

1. Joshi SR, Parikh RM. India - diabetes capital of the world: now heading towards hypertension. 

J Assoc Physicians India. 2007; 55: 323–4. 

2. Kumar A, Goel MK, Jain RB, Khanna P, Chaudhary V. India towards diabetes control: Key 

issues. Australas Med J. 2013; 6(10):524-31. 

3. Schrijvers, B. F., De Vriese, A. S. and Flyvbjerg, A. (2004) From hyper glycemia to diabetic 

kidney disease: the role of metabolic, hemody namic, intracellular factors and growth 

factors/cytokines. Endocr. Rev. 25, 971-1010. 

4. Sulaiman, M. K. (2019) Diabetic nephropathy: recent advances in pathophysiology and 

challenges in dietary management. Diabetol. Metab. Syndr. 11, 7. 

5. Hill, N. R., Fatoba, S. T., Oke, J. L., Hirst, J. A., O’Callaghan, C. A., Lasserson, D. S. and 

Hobbs, F. D. R. (2016) Global prevalence of chronic kidney disease - a systematic review and 

meta-analy sis. PLoS ONE 11, e0158765. 

6. Shahbazian, H. and Rezaii, I. (2013) Diabetic kidney disease; review of the current knowledge. 

J. Renal Inj. Prev. 2, 73-80 

7. Pugliese, G., Penno, G., Natali, A., Barutta, F., Di Paolo, S., Reboldi, G., Gesualdo, L. and De 

Nicola, L.; Italian Diabetes Society and the Italian Society of Nephrology (2020) Diabetic 

kidney disease: new clinical and therapeutic issues. Joint position statement of the Italian 

Diabetes Society and the Italian Society of Nephrology on “The natural history of diabetic 

kidney disease and treatment of hyperglycemia in patients with type 2 diabetes and impaired 

renal function”. J. Nephrol. 33, 9-35. 

8. Schrijvers, B. F., De Vriese, A. S. and Flyvbjerg, A. (2004) From hyper glycemia to diabetic 

kidney disease: the role of metabolic, hemody namic, intracellular factors and growth 

factors/cytokines. Endocr. Rev. 25, 971-1010. 

https://jptcp.com/index.php/jptcp/issue/view/79


 

Estimation Of Urinary Enzymes For Diagnosis Of Diabetic Nephropathy At Early Stage In Patients Of Type 2 Diabetes 

Mellitus 

 

Vol.31 No.7 (2024): JPTCP (843-849)                                                                                                                  Page | 849 

9. Scott, L. J., Warram, J. H., Hanna, L. S., Laffel, L. M., Ryan, L. and Krolewski, A. S. (2001) A 

nonlinear effect of hyperglycemia and current cigarette smoking are major determinants of the 

onset of microalbuminuria in type 1 diabetes. Diabetes 50, 2842-2849. 

10. Börnhorst, C., Russo, P., Veidebaum, T., Tornaritis, M., Molnár, D., Lissner, L., Mårild, S., De 

Henauw, S., Moreno, L. A., Floegel, A., Ahrens, W. and Wolters, M. (2020) . 

11. Werner, N., Nickenig, G. and Sinning, J. M. (2018) Complex PCI pro cedures: challenges for 

the interventional cardiologist. Clin. Res. Cardiol. 107, 64-73. 

12. Tervaert, T. W., Mooyaart, A. L., Amann, K., Cohen, A. H., Cook, H. T., Drachenberg, C. B., 

Ferrario, F., Fogo, A. B., Haas, M., de Heer, E., Joh, K., Noël, L. H., Radhakrishnan, J., Seshan, 

S. V., Bajema, I. M. and Bruijn, J. A.; Renal Pathology Society (2010) Pathologic classification 

of diabetic nephropathy. J. Am. Soc. Nephrol. 21, 556-563. 

13. Retnakaran, R., Cull, C. A., Thorne, K. I., Adler, A. I. and Holman, R. R.; UKPDS Study 

Group (2006) Risk factors for renal dysfunction in type 2 diabetes: U.K. prospective diabetes 

study 74. Diabetes 55, 1832-1839. 

14. Assal HS, Tawfeek S, Rasheed EA, El-Lebedy D, Thabet EH. Serum cystatin C and tubular 

urinary enzymes as biomarkers of renal dysfunction in type 2 diabetes mellitus. Clinical 

Medicine Insights: Endocrinology and Diabetes. 2013 Jan;6:CMED-S12633. 

15. Mohammadi‐Karakani A, Asgharzadeh‐Haghighi S, Ghazi‐Khansari M, Hosseini R. 

Determination of urinary enzymes as a marker of early renal damage in diabetic patients. 

Journal of clinical laboratory analysis. 2007;21(6):413-7. 

16. Gatua WK, Makumi JN, Njagi EM, Kigondu CS, Mcligeyo SO, Waithaka SK. Evaluation of 

urinary tubular enzymes as screening markers of renal dysfunction in patients suffering from 

diabetes mellitus. Asian Journal of Medical Sciences. 2011 Jun 20;3(3):84-90. 

17. Mohammadi‐Karakani A, Asgharzadeh‐Haghighi S, Ghazi‐Khansari M, Hosseini R. 

Determination of urinary enzymes as a marker of early renal damage in diabetic patients. 

Journal of clinical laboratory analysis. 2007;21(6):413-7. 

18. Abu Hilal AE. Early Markers for Diabetic Nephropathy in Urine of Type 2 Diabeticsin 

Southern Gaza Strip. Early Markers for Diabetic Nephropathy in Urine of Type 2 Diabetics in 

Southern Gaza Strip. 2009. 

19. Bansal R, Lahon D, Thakur BB, Saikia A. A study of urinary enzymes as a marker of early 

renal damage in patients suffering from diabetes mellitus. Indian Journal of Basic & Applied 

Medical Research. 2015;4(4):768-76. 

20. Ambade V, Sing P, Somani BL, Basanna D. Urinary N-acetyl beta glucosaminidase and gamma 

glutamyl transferase as early markers of diabetic nephropathy. Indian Journal of Clinical 

Biochemistry. 2006 Sep 1;21(2):142. 

21. Nikolov G, Boncheva M, Gruev T, Biljali S, Stojceva-Taneva O, Masim-Spasovska E. Urinary 

biomarkers in the early diagnosis of renal damage in diabetes mellitus patients. 

ScriptaScientificaMedica. 2013 Sep 20;45(3):58-64. 

22. Shubair SW. Detection of some enzymes and transferrin as early diagnostic markers for 

diabetic nephropathy among type-2 diabetic patients in Gaza. Detection of Some Enzymes and 

Transferrin as Early Diagnostic Markers for Diabetic Nephropathy among Type-2 Diabetic 

Patients in Gaza. 2008 

23. McNamara NV, Chen R, Janu MR, Bwititi P, Car G, Seibel M. Early renal failure detection by 

cystatin C in Type 2 diabetes mellitus: varying patterns of renal analyte expression. Pathology. 

2009 Jan 1;41(3): 269-75. 

24. Turecky L, Uhlikova E. Diagnostic significance of urinary enzymes in nephrology. Bratislavske 

lekarske listy. 2003;104(1):27-31. 

 

 

https://jptcp.com/index.php/jptcp/issue/view/79

