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ABSTRACT

Background: Renal damage is a serious major
microvascular diabetic complication leading to
the death of diabetic patients. Thus, diagnosis of
diabetic nephropathy in an earlier stage would
be critical. Urinary enzymes which are markers
of tubular damage viz. urinary GGT/ALP/LDH
and their creatinine standardized ratio can serve
as cost effective, feasible, widely available early
diagnostic markers for diabetic nephropathy
Materials and Methods: Study enrolled 60
subjects for each group. Measurement of fasting
blood sugar, random blood sugar, serum urea,
serum creatinine, and serum cystatin ¢ were
done in serum. Measurement of ALP, LDH,
GGT was done in urine.

Results: The urinary enzyme levels were
significantly high in patients of diabetic
nephropathy in comparison to other study
subjects. Correlation analysis of Urine Albumin
Creatinine Ratio and Urine ALP (r value- -0.1, p
value-<0.0001), and Urine GGT (r value- -0.2, p
value- <0.0001) Urine LDH (r value- -0.3, p
value- <0.0001) of patients suffering from
Diabetic Nephropathy was performed using
Pearson’s correlation analysis. Correlation
analysis of Serum Cystatin C and Urine ALP (r
value- 0.2, p value-<0.0001), Urine LDH (r
value- 0.01, p value- <0.0001), and Urine GGT
(r value- 0.14, p value-<0.0001) of patients
suffering from Diabetic Nephropathy was
performed using Pearson’s correlation analysis.
Conclusion: Correlation studies of urinary
enzyme levels with albumin-creatinine ratio
(urine) and cystatin C (serum) levels didn’t
show any strong correlation (positive or
negative) among the enzyme’s levels with
established markers of diabetic nephropathy.
Given the fact that urinary enzyme levels are
increased in case of tubular dysfunction of the

nephrons, the result of our study shows that,
diabetic nephropathy primarily affects the
glomerular function.

Keywords:  Urinary enzymes, diagnostic
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INTRODUCTION

Diabetes mellitus refers to group of
metabolic disorders that share the common
phenotype of hyperglycaemia. @ Diabetes
mellitus is one of the most common
noncommunicable diseases in the world and
also a leading cause of death. @ India is
leading in the world with largest number of
people suffering from diabetes mellitus with
prevalence of over 50 million which is
expected to increase up to 87million by
2030. ® As there is an increase in diabetic
patients this also leads to increase in
complications of diabetes. It has been
observed that Asians has a higher
prevalence of complications of diabetes
compared to Europeans. ) One of the most
common complications of diabetes is
diabetic nephropathy or diabetic kidney
disease. ©

Diabetic Nephropathy, also known
as Diabetic kidney disease is one of the
most common long-term microvascular
complications of Diabetes Mellitus Type
land 2. It is one of the leading causes of
End Stage Renal Disease (ESRD) in
developing countries. © The routine
classical evaluation of diabetic nephropathy
includes: appearance of microalbuminuria.
Urinary microalbumin is not prevalently
available, difficult to standardize, relatively
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costly and appears in urine only after
significant glomerular damage have taken
place, urine albumin level is also increased
in urinary tract infection, following
exercise, fever, posture, hyperglycaemia,
marked hypertension, congestive cardiac
failure, it may also be affected by patient’s
state of hydration and the method of sample
collection. ® It is well established that the
detection of microalbumin in a patient
having diabetes indicates the presence of
glomerular involvement in early renal
damage. Recent studies have shown that,
tubular  involvement may  precede
glomerular involvement as several of the
tubular proteins and enzymes can be
detected even before the appearance of
microalbuminuria and rise in  serum
creatinine. Hence, it would be better
prognostically, if we can detect Diabetic
Nephropathy at an even earlier stage, before
appearance of microalbuminuria.

Cystatin C is an endogenous low
molecular weight cysteine proteinase
inhibitor. ©) The main site of catabolism of
Cystatin C is kidney- as >90% of Cystatin C
is removed from circulation by glomerular
filtration. Cystatin C has been suggested as
useful early marker for glomerular damage
as it produced at a constant rate and
completely removed from circulation by
glomerular filtration and proximal tubule
reabsorption. *® Cystatin C level detection
test are not widely available (high cost of
the immunoassay), and also not all assays
have been universally calibrated. %)

Urinary enzymes Alkaline
phosphatase, Gamma glutamyl transferase
and Lactate dehydrogenase are markers of
tubular damage. ALP, GGT are present in
luminal brush border of epithelial cell
membrane in the proximal tubule lumen.
(1213 | actate dehydrogenases is located in
the cell cytoplasm and are more prominent
even  before the  appearance  of
microalbuminuria. “” As tubular damage
precedes glomerular damage; thus, markers
of tubular damage can serve as early
diagnostic marker for diabetic nephropathy.
Urinary enzymes ALP, GGT and LDH can

serve as early markers for Diabetic
nephropathy, and tests to detect their level
are widely available and cost effective to
reduce the burden on patients of lower
socioeconomic status.

MATERIALS AND METHODS
STUDY POPULATION
The study was conducted in the
Department of Biochemistry, Pt. J.N.M.
Medical College and DR. B.R.AM.
Hospital, Raipur, C.G. from June 2019 to
August 2019 among patients who attended
the Medicine OPD, Department of
Medicine, DR. B.R.A.M. Hospital, Raipur
(C.G.). Study was conducted after the
approval of institutional scientific and
ethical committee, and informed, written
consent was obtained from all the
participants in the study. The study
consisted of a total of 180 participants. The
participants were divided into three groups
as follows:
1. 60 diabetic patients as diagnosed by
WHO/ADA criteria
2. 60 subjects were patients with early
Diabetic Nephropathy as diagnosed by
presence of microalbuminuria,
3. 60 healthy controls age and sex
matched.
EXCLUSION CRITERIA
All patients in this study had no medical
history of, urinary tract diseases, coronary
heart disease, malignancy, pregnancy and
lactation, and use of nephrotoxic drugs.
SAMPLE COLLECTION.
Five ml of venous blood samples were
obtained after overnight fasting with usual
precautions in a plain vial. Early morning
second urine sample — spot was collected in
a sterile container. Serum was separated
after allowing the samples to clot for 30
minutes at room temperature and then
centrifuging the samples at 1500 rpm for 10
minutes. The serum thus obtained was
utilized for determination of fasting blood
sugar, post prandial blood sugar, serum
urea, serum creatinine. Samples were stored
in labelled aliquoted tubes and stored in a
refrigerator at - 20°C for estimation of
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serum cystatin C as per the manufacturer
protocols. Urine samples obtained will be
utilized for determination of urinary
creatinine, microalbumin gamma glutamyl

transpeptidase,  lactate  dehydrogenase,
alkaline phosphatase.
Statistical Analysis

Determination of  microalbumin

done using nephelometry. Determination of
serum creatinine, urinary creatinine, urinary
alkaline phosphatase gamma glutamyl
transpeptidase and lactate dehydrogenase
done by using automated biochemistry I-
Lab 650 autoanalyzer using manufacturer’s
protocol. Determination of serum cystatin C
done by double sandwich ELISA. Statistical
analysis was performed using IBM SPSS
Statistics Program and Microsoft excel. t-
test, ANNOVA, and Pearson correlation,
was applied.

RESULTS

The study group consisted of total
180 subjects. Out of 180, 60 subjects were
diagnosed with diabetes mellitus by
WHO/ADA criteria, 60 subjects diagnosed
with early Diabetic Nephropathy as
diagnosed by presence of microalbuminuria,
60 subjects are healthy controls age and sex
matched.

In this study out of 180 subjects 46
(25.56%) were between 30 to 40 yrs of age,
51 (28.33%) were between 41yrs to 50yrs of
age,42 (23.33% were between 51yrs to
60yrs of age, 31(17.22%) were between
61lyrs to 70yrs of age, 9 (5.00%) were
between 71yrs to 81yrs of age, 1 (0.56%)
were between 81 to 90yrs of age.

Gender  distribution  in  study
subjected, Out 0f180 subjects in total 83
(46.11%) were female, 97 (53.89%) were
male.

Levels of urinary and serum biomarkers of renal injury in normal controls and in
subjects suffering diabetes mellitus and diabetic nephropathy

Parameters Diabetes mellitus | Diabetic Nephropathy | Healthy Control | P Value
(Mean SD) (Mean SD) (Mean SD)
BMI 28.5+3.5 28.6 £3.5 27.0+2.4 <0.01
FBS 145.6 £23.7 182.9 £52.8 83.71 £9.21 <0.01
PPBS 207.75 £51.8 265.35 £73.34 112.98+14.11 <0.01
Serum Urea 23.95+10.81 51.46 +13.45 21.18 £8.13 <0.01
Serum Creatinine | 0.73 £0.14 1.50 +0.28 0.71£0.14 <0.01
UACR 28.56 +39.0 263.86 +£39.0 22.90 £14.9 <0.01
Urine ALP 8.88 +1.85 16.7 £3.87 4.35 +1.36 <0.01
Urine GGT 12.25 +1.75 45.93 £8.69 6.2 +1.48 <0.01
Urine LDH 9.8 £1.57 18.25 £3.97 5.23 +1.61 <0.01
Serum Cystatin C | 1174.56 +194.6 1894.9 +369.8 741.6 £132.6 <0.01

Histogram Showing the mean value of Urinary ALP in the control and test groups
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Histogram Showing the mean value of Urinary LDH in the control and test groups
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Histogram Showing the mean value of Serum Cystatin C in the control and test groups
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Pearson correlation coefficient of urinary biomarkers in the subjects suffering Diabetes

nephropathy
Parameter Parameter | Diabetic Nephropathy | p Value
1. serum Cystatin C | U.ALP 0.2 <0.0001
U. GGT 0.14 <0.0001
U. LDH 0.01 <0.0001
2.UACR U. ALP -0.1 <0.0001
U. GGT -0.2 <0.0001
U.LDH -0.3 <0.0001
DISCUSSION mellitus, among diabetic subjects 60

Diabetes mellitus is a global disorder
and resulting complications from diabetes
are the third leading cause of death in the
world. ™ Since with untreated diabetic
nephropathy, there is a significant decrease
in life expectancy of patients, therefore,
prevention of this debilitating condition and
early diagnosis and treatment is important.
In routine, decrease in creatinine clearance,
increase in serum creatinine, and especially
appearances of microalbuminuria are used
as key indicators of diabetic nephropathy.
But these markers are not sensitive, specific,
reliable, as there is a time delay between
renal injury and detection and when
nephropathy is diagnosed by these classical
methods, little can be done to prevent the
gzg)gressive downhill course of renal failure.

This study was done to evaluate
urinary enzymes as early diagnostic marker
for diabetic nephropathy. Total 180 subjects
were enrolled in the study, out of which,
120 subjects were patients with diabetes

subjects were diagnosed with diabetic
nephropathy, and 60 healthy controls were
enrolled in this study according to
predetermined exclusion and inclusion
criteria. All patients fasting and postprandial
blood sugar were estimated, to determine
the functional status of their kidney, serum
urea, serum creatinine, and serum cystatin c
estimation was done. Urinary alkaline
phosphate, gamma glutamyl transpeptidase,
and lactate dehydrogenase were measured in
all subjects.

In present study it was found that
urinary level of Alkaline phosphatase in
subjects with DM and diabetes nephropathy
were significantly higher than in control
group (p value <0.01). These findings
correlate with the findings of Mohammadi-
Karakani et al, ™ Gatua et al “® and Jung
et al @ have found that urinary ALP was
excreted higher in diabetic patients
compared with control groups. Uslu et al *®
have also demonstrated that urinary ALP
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was higher in diabetics than in controls with
a p value of <0.001.

It was found that urinary level of
Gamma glutamyl transpeptidase in subjects
with DM and diabetes nephropathy were
significantly higher than in control group (p
value <0.01). These findings correlate with
the findings of Gatua et al “® and Nikolov
etal 49

In present study it was found that
urinary level of Lactate Dehydrogenase in
subjects with DM and diabetes nephropathy
were significantly higher than in control
group (p value <0.01). These findings
correlate with the findings of Gatua et al, *°
Uslu et al, “® and Mohammadi-Karakani et
al (15)

Correlation analysis of  Urine
Albumin Creatinine Ratio and Urine ALP (r
value- -0.1, p value-<0.0001), and Urine
GGT (r value- -0.2, p value- <0.0001) Urine
LDH (r value- -0.3, p value- <0.0001) of
patients suffering from Diabetic
Nephropathy  was  performed  using
Pearson’s correlation analysis. No Strong
correlation was found between the urinary

albumin creatinine ratio and urinary
enzymes
Correlation analysis of Serum

Cystatin C and Urine ALP (r value- 0.2, p
value-<0.0001), Urine LDH (r value- 0.01, p
value- <0.0001), and Urine GGT (r value-
0.14, p value-<0.0001) of patients suffering
from Diabetic Nephropathy was performed
using Pearson’s correlation analysis. NO
Strong correlation was found between
serum cystatin ¢ and urinary enzymes.

CONCLUSION

The study was conducted with an
aim to find out the feasibility of urinary
enzymes to act as early markers for diabetic
nephropathy. The diagnosis was based on
the levels of urinary albumin-creatinine
ratio and serum cystatin C. The urinary
enzymes, ALP, GGT and LDH were
measured in all the study participants.

The urinary enzyme levels were
significantly high in patients of diabetic
nephropathy in comparison to other study

subjects. The levels of urinary enzymes
were also found to be higher in diabetic
patients without nephropathy than non-
diabetic subjects, but the difference was not
statistically significant. Correlation studies
of urinary enzyme levels with albumin-
creatinine ratio (urine) and cystatin C
(serum) levels were also done. The results
didn’t show any strong correlation (positive
or negative) among the enzymes levels with
established markers of diabetic nephropathy
(ACR and cystatin C).

Increased albumin/creatinine ratio in
the urine and cystatin-C levels in the serum
are established markers of glomerular
injury. Given the fact that urinary enzyme
levels are increased in case of tubular
dysfunction of the nephrons, the result of
our study shows that, diabetic nephropathy
primarily affects the glomerular function.

Our study further strengthens the
idea of glomerular damage being the
primary pathology in diabetic nephropathy
ruling out tubular dysfunction in early
stages. The study also had a few limitations.
Due to time constraints we could not follow
up the patients to look for the changes in the
study parameters with respect to time. We
also couldn’t asses the relation between
severity and duration of diabetes with the
urinary markers. Given the high and
increasing prevalence of diabetes mellitus in
the current global scenario, a larger sample
size would have helped in getting a more
reliable result. Future prospective cohort
studies may be undertaken where similar
parameters can be estimated which would
help in improving our understanding the
pathology of the commonest and most
dreadful complication of diabetes, i.e
diabetic nephropathy.

REFERENCES

1. Gupta K, Nayyar SB, Sachdeva J, Kumar P.
Cystatin C in the early diagnosis of diabetic
nephropathy and its correlation with
albuminuria.  International  Journal  of
Advances in Medicine. 2017 Jan 23;4(1):56-
0.

2. Amos AF, McCarty DJ, Zimmet P. The
rising global burden of diabetes and its

International Journal of Science and Healthcare Research (www.ijshr.com) 272
Vol.5; Issue: 1; January-March 2020



Kumari Pallavi et.al. Urinary enzymes as early diagnostic marker for diabetic nephropathy: a comparison with
Cystatin C

10.

11.

12.

complications: estimates and projections to
the year 2010. Diabetic medicine. 1997
Dec;14(S5): S7-85.

Parchwani DN, Upadhyah AA. Diabetic
nephropathy: Progression and
pathophysiology. Int J Med Sci Public
Health. 2012 Oct 1;1(2):59-70.

Chowdhury TA, Lasker SS. Complications
and cardiovascular risk factors in South
Asians and Europeans with early-onset type
2 diabetes. Qjm. 2002 Apr 1;95(4):241-6.

da Silva Melo DA, Saciura VC, Poloni JA,
Oliveira CS, Alves Filho JC, Padilha RZ,
Reichel CL, Neto EJ, Oliveira RM, D'avila
LC, Kessler A. Evaluation of renal
enzymuria and cellular excretion as an
marker of acute nephrotoxicity due to an
overdose of paracetamol in Wistar rats.
Clinica chimica acta. 2006 Nov 1;373(1-
2):88-91.

Reutens AT, Prentice L, Atkins RC. The
epidemiology of diabetic kidney disease.
The epidemiology of diabetes mellitus. 2008
Sep 19:499-517.

Chavan VU, Sayyed AK, Durgawale PP,
Sontakke AV, Nilakhe SD. Practical aspects
of calculation, expression and interpretation
of urine albumin measurement. National
Journal of Integrated Research in Medicine.
2017 Dec 13;2(1):29-34.

Martin H. Laboratory measurement of urine
albumin and ay disease. The Clinical
Biochemist Reviews. 2011 May;32(2):97.
Mussap M, Plebani M. Biochemistry and
clinical role of human cystatin C. Critical
reviews in clinical laboratory sciences. 2004
Jan 1;41(5-6):467-550.

Fiseha T. Cystatin C-A Biomarker for Early
Nephropathy in Type 2 Diabetic Patients. J
Mol Biomarkers Diagn S. 2015; 8:2.
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.

Turecky L, Uhlikova E.
significance of urinary

Diagnostic
enzymes in

13.

14.

15.

16.

17.

18.

19.

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

Vlatkovi¢ V, Stojimirovi¢ B. Influence of
miroalbuminuria on tubular kidney function
in diabetic nephropathia type 2. Diabetic
nephropathia. Osma $kola dijalize. Nis8,
Univerzitet u NiSu. 2002:67-73.

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.

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

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.

Jung K, Pergande M, Schimke E, Ratzmann
KP, Ilius A. Urinary enzymes and low-
molecular-mass proteins as indicators of
diabetic nephropathy. Clinical chemistry.
1988 Mar 1;34(3):544-7.

Uslu S, Efe B, Alatas O, Kebapgi N, Colak
O, Demiristi C, Yoruk A. Serum cystatin C
and urinary enzymes as screening markers
of renal dysfunction in diabetic patients.
Journal of nephrology. 2005;18(5):559-67.
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.
Scripta  Scientifica Medica. 2013 Sep
20;45(3):58-64

listy.

How to cite this article: Pallavi K, Khare RL,
Patra PK etal. Urinary enzymes as early
diagnostic marker for diabetic nephropathy: a

comparison with cystatin C.

International

Journal of Science & Healthcare Research.
2020; 5(1): 268-273.

*kkkhkik

International Journal of Science and Healthcare Research (www.ijshr.com)

273

Vol.5; Issue: 1; January-March 2020



