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Introduction

Objective The present study has been designed to evaluate urinary nephrin that best
predicts the occurrence of renal dysfunction in type 2 diabetes mellitus patients and its
correlation with clinical parameters of nephropathy.

Materials and Methods A total of 80 type 2 diabetes mellitus and 40 age- and gender-
matched healthy controls were recruited. Biochemical and clinical parameters were
analyzed in all the study participants. Analysis of variance was performed to compare
the differences between the groups. Pearson’s correlation analysis was used to analyze
the association of nephrin with clinical parameters of nephropathy. Receiver operating
characteristic curves were constructed to study the diagnostic accuracy of markers to
identify diabetic nephropathy.

Results The levels of nephrin were significantly elevated in both groups of type 2
diabetes mellitus patients when compared with healthy individuals (p =0.0001). The
urinary nephrin was positively correlated with hemoglobin A1c and urinary albumin
creatinine ratio (r=0.520, 0.657, p < 0.0001) and negatively correlated with estimated
glomerular filtration rate (r=-0.539, p<0.0001). The diagnostic sensitivity and
specificity of nephrin for nephropathy were 100 and 88%, respectively, and urinary
albumin creatinine ratio was 43 and 76%, respectively.

Conclusion The study findings suggest that nephrin levels are strongly and positively
associated with nephropathy in type 2 diabetes mellitus patients and it has a greater
potential to be an early predictable marker of nephropathy than urinary albumin
creatinine ratio.

is one of the leading disorders in the world, where 415
million people were affected by the year 2015 and it is

Type 2 diabetes mellitus (T2DM) caused by hyperglycemia
due to defect in insulin secretion from the B cells of pancreas
and inactivation of insulin leads to insulin resistance.! T2DM
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estimated to reach 650 million by 2030; in the Indian
scenario 65 million were affected by the year 2013 and it
is estimated to reach 103 million by the year 2030.%3
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T2DM leads to many micro- and macrovascular complica-
tions, this in turn affect many organs like the kidney, retina of
the eye, brain, lungs, and heart, etc. and most of the diabetic
people are affected with nephropathy. Diabetic nephropathy
(DN) is the major microvascular complication in patients
with T2DM due to hyperglycemia in the blood and hypogly-
cemia in the skeletal muscles leading to excess mobilization
of lipids and proteins resulting in the production of reactive
oxygen species and reduced antioxidants.*"® Currently, uri-
nary albumin is used for the diagnosis of nephropathy in
patients with T2DM. However, some of the recent researchers
reported that microalbuminuria is not a gold standard, sensi-
tive and specific, biomarker for diagnosis of nephropathy in
patients with T2DM, because it also elevates in other disorders
like obesity, hypertension, different types of kidney problems,
etc. In addition to that some of the patients diagnosed with
microalbuminuric stage are directly converting into normoal-
buminuric stage due to treatment modalities.”

Along with that some of the recent studies found podocyte
proteins to play an a important role in the early prediction and
progression of nephropathy, as such urinary nephrin is the one
of the anchoring proteins of foot process of the podocytes in
the kidney, urinary excretion nephrin levels are used for early
detection of nephropathy in patients with T2DM. Nephrin is
the transmembrane protein of the immunoglobulin super
family and also it is a very essential component of slit dia-
phragm between the foot processes of the podocytes in the
kidney.'® The physiological action of nephrin is to maintain the
size selectivity of the slit diaphragm and form a network of
interdigitating foot processes of the podocytes in the kidney to
prevent leaking of proteins.'" Dysregulation of nephrin due to
hyperglycemia in podocytes lead to nephrinuria particularly in
T2DM patients with normoalbuminuric patients, preceding
microalbuminuria.'> However, very few studies have been
done on urinary nephrin and also examined the relationship
between urinary nephrin, hemoglobin Alc (HbA1C), urinary
albumin, and estimated glomerular filtration rate (eGFR) in
South Indian population and a study is required to evaluate
sensitive and specific biomarker (urinary albumin and neph-
rin) for early detection of nephropathy in T2DM patients.
Hence, in the present study we aimed to investigate the levels
of urinary nephrin and correlate with urinary albumin and
eGFR to predict early onset and progression of nephropathy in
T2DM.

Materials and Methods

This is a case-control study conducted in Basaveshwara Insti-
tute of Medical Sciences and Research Centre, Chitradurga,
Karnataka, India, and Arupadai Veedu Medical College, Pudu-
cherry, India, from 2018 to 2021. A total 120 subjects with age
group of 30 to 70 years were included in the study. Among
these, 80 T2DM subjects were again divided into two groups:
group 2: 40 T2DM patients with normoalbuminuria (duration
of DM < 5 years, HbAlc: 6-7.5%, and albumin creatinine ratio
[ACR]: < 30 mg/dL); group 3: 40 T2DM patients with micro-
albuminuria (duration of DM 5-10 years, HbAlc: 7.6-10.5%,
and ACR: 30-299 mg/dL) (~Fig. 1). Additionally, we recruited
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Total Number of
Participants Screened

(n=120)

‘T2DM Patients
selected (n=80)

‘T2DM Patients with
Microalbuminuria (1= 40)

T2DM Patients with
Normoalbuminuria (n = 40)
Duration of T2DM: < 5 Years. Duration of T2DM: 5 - 10 Years

HbAlC:6-7.5% HbAlc: 7.6—10.5 %

Urinary ACR < 30 mg/dL Urinary ACR: 30 - 299 mg/dL

Fig. 1 Selection of study subjects.

age- and gender-matched healthy controls considered as
group 1 (n=40). All the T2DM subjects included in the study
were diagnosed with different stages of nephropathy accord-
ing to the American Diabetic Association criteria and Kidney
Disease Improving Global Outcomes criteria'>'4; patients
smoking, alcoholism, liver diseases, hypertension, cardiovas-
cular, cerebrovascular, thyroid, peripheral vascular diseases,
and those in treatment on thiazolidine and anti-inflammative
were excluded from the study.

Seven milliliters of fasting (overnight 8-12 hours) venous
blood sample and 3 mL of postprandial blood sample were
collected from all the subjects after obtaining informed
consent from. Two milliliters of blood sample was trans-
ferred into tube containing anticoagulant sodium fluoride,
2mL transferred into tube containing anticoagulant ethyl-
enediaminetetraacetic acid, and remaining 3 mL transferred
into plain tube. Anticoagulant tubes were separated imme-
diately and plain tube was allowed to rest for 10 minutes at
room temperature for clotting. All the samples were centri-
fuged at 3,000 revolutions per minute (RPM) for 10 minutes,
after centrifugation separated samples (plasma and serum)
were transferred into properly labeled aliquots and stored at
deepfreeze at -80°C until biochemical analysis was done.
Along with the blood sample urine sample was also collected
from all the subjects, centrifuged at 3,000 RPM for
10 minutes, and after centrifugation of urine sample, 1 mL
was separated into labeled aliquots, stored at deepfreeze at
-50°C and the remaining urine sample was immediately
processed for urinary albumin and creatinine.

Plasma fasting blood sugar (FBS), postprandial blood
sugar (PPBS), glycosylated HbA1c, serum urea, and creatinine
were analyzed by using laboratory standard methods, eGFR
was calculated by using Chronic Kidney Disease-Epidemiol-
ogy Collaboration formula, urinary ACR was analyzed by
using immunoturbidimetric method, and urinary nephrin
was analyzed by using enzyme-linked immunosorbent assay.

Statistical Analysis

The data were statistically analyzed by using Microsoft Excel
spreadsheets, IBM Statiscal Package for the Social Sciences
(SPSS) Version 20.0, and Medcalc (Version 12.1, Ostend,
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Belgium). First, the normality of the three groups of data
distribution was tested using the Kolmogorov-Smirnov test.
Continuous variables are expressed as mean =+ standard de-
viation. Comparisons between the three groups were ana-
lyzed by using one-way analysis of variance (ANOVA).
Pearson’s correlation analysis was done to test the correla-
tion of urinary nephrin with other biochemical parameters.
Receiver operating characteristic (ROC) curves were con-
structed to study the diagnostic accuracy of the markers to
identify DN in the normoalbuminuric group when compared
with healthy controls. A cutoff value with the best combina-
tion of sensitivity and specificity was determined from the
ROC curve. Marker positivity in the groups studied were
calculated based on values above the upper limit of the 75%
confidence intervals of the median values of the markers and
the ROC-derived cutoff values. A p-value of less than 0.05 was
considered as statistically significant.

Results

=Table 1 shows the plasma FBS, plasma PPBS, serum urea,
serum creatinine, HbAlc, comparison of the routine bio-
chemical parameters, and urinary biomarkers across the
study groups. There is statistically significant elevation of
plasma FBS, PPBS, HbAlc, serum urea, creatinine, urinary
ACR, and nephrin in patients with T2DM compared with
healthy controls, respectively, p-value of 0.0001.

=Table 2 shows the comparison of the routine biochemi-
cal parameters and urinary biomarkers across the study
groups by one-way ANOVA. There is statistically significant
elevation of plasma FBS, PPBS, HbA1c, serum urea, creati-
nine, urinary ACR, and nephrin in the two groups of T2DM

subjects compared with healthy controls, respectively,
p-value of 0.0001. It was also observed that T2DM subjects
with microalbuminuria have high level of urinary nephrin
then T2DM subjects with normoalbuminuria, respectively,
p-value of 0.0001, which shows statistically highly signifi-
cant relation.

=Table 3 illustrates significantly increased levels of uri-
nary nephrin along with increasing age in T2DM patients,
respectively (p < 0.001).

~Table 4 shows the correlation of urinary nephrin with
other routine biochemical parameters of the subjects by
using Pearson’s correlation analysis. We observed that uri-
nary nephrin was positively significantly correlated with
HbAlc and urinary ACR (r=0.520, 0.657, respectively,
p=0.0001) and negatively correlated with eGFR (r=-0.539,
respectively, p < 0.0001).

~Fig. 2 shows the graphical representation of urinary
nephrin distribution in all the three groups of study subjects.
Significantly elevated level of urinary nephrin in T2DM
subjects with normoalbuminuria and microalbuminuria
was observed then in healthy controls.

=Fig. 3 shows the distribution of urinary ACR levels in
different groups of study subjects. T2DM subjects with
microalbuminuria have significantly increased levels of uri-
nary albumin when compared with T2DM subjects with
normoalbuminuria and healthy controls.

~Fig. 4 shows eGFR levels in the two groups of T2DM
subjects and healthy controls and was compared between
groups. Significantly decreased eGFR levels were ob-
served in T2DM subjects with microalbuminuria then
in T2DM subjects with normoalbuminuria and healthy
controls.

Table 1 Comparison of means of the anthropometric, biochemical, and urinary nephrin data among T2DM patients and healthy

controls
Parameter Group 1 Group 2 p-Value
(n=40) (n=280)
Age (y) 48.10+9.56 49.57 +7.58 0.431°
Height (feet) 3.66+0.55 3.40+0.52 0.022°
Weight (kg) 74.47 £11.97 82.55+14.01 0.028°
BMI (kg/m?) 20.42+£2.09 24.61+4.54 0.0001°
FBS (mg/dL) 90.63 +£7.31 156.17 £31.76 0.0001°
PPBS (mg/dL) 114.70 £13.39 225.68 £73.64 0.0001°
Serum urea (mg/dL) 23.07 +£9.71 43.08 +18.44 0.0001°
Serum creatinine (mg/dL) 0.99+0.19 3.54+2.71 0.0001°
HbATc (%) 4.31+0.76 7.06+1.30 0.0001°
eGFR (mL/min) 91.43+13.93 57.01+£40.91 0.0001°
Urinary ACR (mg/dL) 14.34+4.73 116.21+£107.07 0.0001°
Urinary nephrin (ng/mL) 0.52+0.20 2.48+1.21 0.0001°

Abbreviations: ACR, albumin creatinine ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; FBS, fasting blood sugar; HbA1c,
hemoglobin Alc; PPBS, postprandial blood sugar; T2DM, type 2 diabetes mellitus.

Note: Group 1 is the healthy control, group 2 has type 2 diabetes.
*Not significant at the 0.05 probability level.
®Highly significant at the 0.05 probability level.
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Table 2 Comparison of the routine biochemical parameters and urinary biomarkers across the study groups

Parameter Group 1 Group 2 (duration of Group 3 (duration of p-Value
(n=40) DM <5 y [n=40]) DM 5-10 y [n =40])

Age (y) 48.10 +£9.56 46.03 +£5.91 53.10 £7.49 0.002°

Height (feet) 3.66+0.55 3.36+0.52 3.43+0.53 0.004"

Weight (kg) 74.47 £11.97 77.13+£14.24 87.97 £11.65 0.078

BMI (kg/m?) 20.42£2.09 23.01+£2.95 26.20£5.29 0.0001°
FBS (mg/dL) 90.63 +7.31 135.80 +15.49 176.53 +£30.89 0.0001°
PPBS (mg/dL) 114.70+£13.39 175.37 £20.71 276.00+73.24 0.0001°
Serum urea (mg/dL) 23.07 £9.71 26.97 £9.06 59.20 £ 8.48 0.0001°
Serum creatinine (mg/dL) 0.99+0.19 0.97 +£0.21 6.11+1.13 0.0001°
HbATc (%) 4.31+0.76 6.07 £0.47 8.04+1.11 0.0001°
eGFR (mL/min) 91.43+13.93 95.09 +£19.71 18.93 +4.05 0.0001°
Urinary ACR (mg/dL) 14.34+£4.73 15.41+£6.69 217.02 £47.49 0.0001°
Urinary nephrin (ng/mL) 0.52+0.20 1.644+0.53 3.34+1.12 0.0001°

Abbreviations: ACR, albumin creatinine ratio; BMI, body mass index; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FBS, fasting
blood sugar; HbA1c, hemoglobin Alc; PPBS, postprandial blood sugar.
Significant at the 0.05 probability level.
biy: P "

Highly significant at the 0.05 probability level.

Table 3 Urinary nephrin concentrations in different age groups of T2DM patients

Parameter 31-40y 41-50y 51-60y 61-70y p-Value
(n=11) (n=36) (n=27) (n=6)
Urinary nephrin (ng/mL) 1.57+£0.86 3.27+0.78 3.04+1.41 3.56+1.22 0.001°

Abbreviation: T2DM, type 2 diabetes mellitus.

Significant at the 0.05 probability level.

Table 4 Shows the Pearson’s correlation between the urinary nephrin with other clinical parameters of nephropathy
Parameter HbA1c Urinary ACR eGFR
Urinary nephrin (ng/mL) r 0.520 0.657 -0.539

p-Value 0.0001° 0.0001° 0.0001°

Abbreviations: ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alc.

Note: r is the rho factor.
?Significant at the level of 0.05.

Discussion

Diabetic kidney disease (DKD) is one of the major microvas-
cular complications in patients with T2DM and nowadays
more than 40% of the DKD patients progress to end-stage
renal disease." In this condition damage of glomerular
filtration barrier and tripartite system have fenestrated
endothelial cells of glomerular basement membrane
(GBM) and podocytes of kidney. The physiological action
of these barriers is selective, filtration of water and solutes,
and impermeable to leaking of macromolecules like pro-
teins.'®!” In T2DM patients, hyperglycemia in the blood and
hypoglycemia in tissues trigger lipolysis and proteolysis
resulting in the production of reactive oxygen species and

advanced glycation end products. These will bind to the
advanced glycation end product receptors and trigger down-
stream signaling facilitating generation of free radicals,
activating inflammatory cells, increasing synthesis of angio-
tensin II, and production of growth factors like vascular
endothelial growth factors and transforming growth factor
beta, finally leading to proteinuria.'®!°

Urinary albumin estimation is used for testing the func
tional capacity of kidney, when patients show less than 30
mg/dL of albumin it is called normoalbuminuria, 30 to 299
mg/dL of albumin is microalbuminuria, and more than 300
mg/dL is macroalbuminuria, it depends on the duration of
diabetes and further determined by eGFR.2’ Some of the recent
studies reported that urinary microalbuminuria is not a
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sensitive and specific biomarker for detection of nephropathy
in T2DM patients because it has low sensitivity and larger
variability. Our study has shown statistically significant eleva-
tion of urinary ACR levels in T2DM patients with microalbu-
minuria when compared with T2DM patients with
normoalbuminuria and healthy controls, p-value less than
0.0001 (=Table 2). However, earlier studies have reported
that mean arterial blood pressure, plasma concentration of
FBSs, HbA1c, aldosterone, atrial natriuretic peptide, vasopres-
sin, and angiotensin II are also risk factors for proteinuria.
Additionally, recent studies revealed that T2DM patients with
microalbuminuria reverted to normoalbuminuria.?' 23

If DN can be detected before the appearance of micro-
albuminuria, early intervention can be started to halt or
reverse the process. Glomerular biomarker of renal injury is
being studied as alternative markers for prediction of DN
risk. Some of the recent studies found sensitive and specific
biomarker for early detection of nephropathy in T2DM
patients. Nephrin is a protein located in the podocytes of
GBM of the kidney. Nephrin plays a vital role in podocytes
and slit diaphragm to prevent excretion of protein in urine,
but minimal structural alterations in podocytes lead to
excretion of nephrin in urine prior to proteinuria. The
studies are very limited and some of the studies found
significantly elevated levels of urinary nephrin in T2DM and
other studies reported the urinary nephrin levels were
decreased in patient with T2DM.?*"27 The present study
also analyzed urinary nephrin, and significantly elevated
levels were observed in patients in both groups of T2DM
when compared with healthy controls and we also found
significantly increased levels of urinary nephrin in T2DM
patients with normoalbuminuria when compared with
healthy controls. Similarly, other studies also reported
podocytes are present in the GBM of kidney and play a
good role in maintaining glycocalyx of glomerulus and
maintained the slit diaphragm size by specific proteins
like nephrin and they also suggested that elevated levels
of urinary nephrin were useful for early detection of
nephropathy in T2DM patients.

We also found that urinary nephrin was positively corre-
lated with blood sugars, glycosylated hemoglobin, urea,
creatinine, and urinary albumin (~Table 4). Similarly, anoth-
er recent study also reported that association of proximal
tubule dysfunction with podocytes damage and dysfunction
of proximal convoluted tubule proteins could be validated as
an early diagnosis and progression of nephropathy in
patients with T2DM.?3-2° Elevated levels of urinary nephrin
in T2DM patients with normoalbuminuria stage and in-
creased levels of more than two times in T2DM patients
with microalbuminuria showed disease progression toward
end-stage kidney disease.

The diagnostic utility of urinary ACR, eGFR, and urinary
nephrin for the detection of early DN was compared between
group 1 and group 2 by ROC curve analysis (=Table 5).
Among these urinary ACR and eGFR there was no significant
area under the curve (AUC), with sensitivity ranging from
43.33 to 46.67 and specificity 76.67 to 73.33, respectively,
p-values 0.68 and 0.61 and the urinary nephrin showed a
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Table 5 ROC curve analysis of urinary ACR, eGFR, and urinary nephrin

Parameter AUC 95% Cl for Sensitivity (%) Specificity (%) p-Value
AUC 95% ClI 95% ClI

Urinary ACR (mg/dL) 0.532 0.398-0.662 43.33 76.67 0.683°

eGFR (mL/min) 0.538 0.405-0.668 46.67 73.33 0.616°

Urinary nephrin (ng/mL) 0.993 0.928-1.000 100.00 93.33 0.0001°

Abbreviations: ACR, albumin creatinine ratio; AUC, area under the curve; Cl, confidence Interval; eGFR, estimated glomerular filtration rate; ROC,

receiver operating characteristic.
INot significant.
PHighly significant.

statistically significant AUC with sensitivity ranging from
100% and specificity from 93%, respectively, while p-value is
less than 0.0001 (~Fig. 5).

Univariate linear regression analysis was done by using
eGFR as dependent variable and urinary ACR and urinary
nephrin as independent variables and showed a significant
inverse association. Along with that we also analyzed urinary

100
80

60

Sersitivity

40

20

(4] 20 40 60 80 100
A 100-Specificity

ACR as dependent variable and urinary nephrin as the
independent variable and showed a direct association. The
scatter plots showed a relationship between eGFR, urinary
ACR, and urinary nephrin (r=0.87, 0.65, and 0.66, respec-
tively, p-values <0.001) (~Fig. 6). Hence, based on these
findings urinary nephrin is identified as the best marker for
diagnosis of DN then urinary ACR.

URINARY _ACR

100

B 100-S pecificity

Sersitivity

C 100-Specificity

Fig. 5 Receiver operating characteristic (ROC) curve analysis of estimated glomerular filtration rate (eGFR), urinary albumin creatinine ratio

(ACR), and urinary nephrin.
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Fig. 6 Univariate linear regression analysis for early diagnosis of diabetic nephropathy.

Conclusion

The outcome of this study showed that urinary nephrin might
be a better marker than urinary ACR for predicting early onset
of nephropathy in patients with T2DM, because urinary neph-
rin levels elevated and there was no change in urinary ACR
levels in T2DM patients with normoalbuminuria.
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