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Abstract

Background: Diabetic nephropathy is characterized by persistent microalbuminuria and metabolic changes that decline
renal functions. Researchers have been prompted to explore new biomarkers such as KIM-1 and nephrin that may enhance
the identification of disease. Objective: To Evaluate biomarker levels of kidney injury molculre-1 (KIM-1) concentration
and nephrin as early and sensitive markers of nephropathy in type 2 diabetic patients. Method: One hundred T2DM
patients were included in a cross-sectional study at the specialized center for endocrinology and diabetes, Baghdad. The
first group includes 50 diabetic nephropathy (DN) patients, and the second group includes 50 T2DM patients without DN.
Biochemical and clinical parameters were reported for participants, and serum and urine levels of KIM-1 and nephrin
were analyzed by Enzyme-linked immunosorbent assay. Results: The study showed a significant increase in serum and
urinary levels of KIM-1 and nephrin in DN patients compared to the control group. Serum nephrin is positively correlated
with urinary nephrin, serum creatinine, ACR ratio, serum and urine KIM-1, and negatively correlated with the estimated
glomerular filtration rate. Urinary nephrin was positively correlated with urinary albumin/creatinine ratio, KIM-1 level in
both serum and urine, and negatively correlated with estimated glomerular filtration rate. Conclusion: KIM-1 and nephrin
are specific and sensitive indicators of early-stage diabetic nephropathy-associated renal damage.
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INTRODUCTION

Diabetic nephropathy (DN) is a multifactorial illness
that is one of the most prevalent diabetes complications
and a leading cause of chronic kidney disease [1,2]. It is
distinguished by increased urine albumin excretion,
reduced glomerular filtration rate, or both. Predictions
indicate that the prevalence of diabetic nephropathy will
continue to rise, putting a considerable strain on the
healthcare system and leading to greater rates of
morbidity and mortality [3-5]. As a result, early
diagnosis and adequate care are critical to limiting the
progression of kidney injury [6,7]. This highlights the
critical importance of evaluating novel biomarkers for
the early identification of DN. New and more specific
markers for early diagnosis and prediction of DN that
appear in the urine prior to microalbuminuria are
currently being studied. Because it is difficult to identify
urinary podocytes directly, most of the studies have
focused on the involvement of podocyte-specific
proteins as tubular damage markers, such as nephrin and
kidney injury molecule-1 (KIM-1) [8,9]. Nephrin is a
transmembrane protein that has been found as an
essential biomarker for predicting diabetic kidney
disease and the severity of podocyte injury [10]. The
current study aimed to assess the serum and urinary
levels of KIM and nephrin, as well as their involvement
in the early detection of nephropathy in T2DM Iraqi
patients.

METHODS

One hundred T2DM patients are included in this cross-
sectional study. The Ethical and Scientific Committee in
the College of Pharmacy at the University of Baghdad,
Irag, gave its approval for this cross-sectional study
(REAFUBCP-632022A). The overall population of 100
Iragis, both males and females, was enrolled in the
study, with an age range over 18 years divided into 2
groups. The first group consists of 50 diabetic
nephropathy patients with microalbuminuria (ACR 30-
300 mg/g), and the second group consists of 50 T2DM
patients without DN with normoalbuminuria (ACR <30
mg/g). All diabetic patients were diagnosed with T2DM
by the specialized endocrinologist according to the 2019
American Diabetes Association (ADA) guideline:
"fasting blood sugar (FBS) >126 mg/dL (7.0 mmol/L)
OR 2-h plasma glucose > 200mg/dL (11.1 mmol/L)
during OGTT OR HbAI1C > 6.5% or a random blood
sugar (RBS) > 200 mg/dL (11.1 mmol/L). Diabetic
patients with DKD have been selected by the
professional consultant nephrologist and diagnosed
based on the urinary albumin creatinine ratio (ACR)
[ACR> 30 mg\g] , From each participating category
(patients and controls), a random spot urine sample was
collected in a suitable urine container and divided into
two parts: the first one was used immediately for
measurement of urinary albumin and urinary creatinine
for calculation of the albumin to creatinine ratio ACR;
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the second part was centrifuged for 20 min at 3000 rpm
and then dispensed in Eppendorf to be stored
refrigerated at -20 °C for determination of urine nephrin
and urine KIM-1 level by the enzyme-linked
immunosorbent assay test. Then a five-milliliter venous
blood sample obtained by a vein puncture was collected
using a 5-ml disposable syringe. 3 ml samples were
collected in a gel tube and let to be clotted at room
temperature for 5-10 minutes, then centrifuged to obtain
the serum for 10 min at 3000 rpm. The serum has been
divided into two parts: one for immediate enzymatic
analysis for measurements of serum creatinine and lipid
profile; the other part is stored in an Eppendorf tube to
be kept frozen at a temperature of -20 °C until the time
of analysis, using specific ELISA Kits for measurements
of serum nephrin and serum KIM-1 levels.

Statistical analysis

The IBM SPSS software platform 26 was used to
analyze the effect of different factors on the study
parameters. A one-way ANOVA and t-test were used to
compare the means. The chi-square test was used to
compare percentages. A significant difference was
considered at p < 0.05. The GraphPad Prism 9 program
was used to formulate the figures for this study.

RESULTS

The demographic, anthropometric, clinical, and
biochemical characteristics of all participants enrolled in
this study are summarized in Table 1. There were no
significant differences in age, gender, duration of
disease, smoking, or drinking habits between the study
groups (p>0.05). On the other hand, a significant
difference was found in the serum levels of creatinine,
ACR, and eGFR between the control group and the
patient groups (p<0.05). The ACR and creatinine levels
were higher in the DN patient group than in the control
group, while eGFR showed the lowest levels in the DN
group. Serum levels of HbAlc, FBG, and body mass
index (BMI) when compared between both groups
revealed a non-significant difference (p>0.05). The
distribution of DN patients according to the KIDGO
eGFR stages was considerably different between the
groups, with the majority of control patients at stage 1
and only 10 at stage 2. while the distribution of DN
patients was uneven, with most patients at stage 1 (Table
1). The results demonstrated show highly significant
differences (p<0.01) in the means of KIM-1 levels
measured in serum and urine between patients with DN
and control group, as illustrated in Table 2. For both
serum and urine levels, the DN group showed the
highest levels of KIM-1 over the control group. All
samples were assessed for the detection of the level of
nephrin in serum and urine by using the ELISA
technique. The levels of nephrin show highly significant
differences (p=0.0001) between both groups.
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Table 1: Sociodemographic parameters of the study groups

Group 1 Group 2

Character n=50 n= 50 p-value
Age (year) 50.9249.23  52.62+10.32 0.3
Gender Female 22 (44) 26 (42) 04
n(%) Male 28 (56) 24 (48) :
BMI (kg/m?) 26.76+3.07 26.52+3.16 0.7
Szno)king Smoker 11(22) 13(26)
n(% 0.6
Nonsmoker 39(78) 37(74)
Alcohol Drinker 5 (10) 3(6)
Drink n(%)  Non- 0.2
drinker 45 (90) 47(94)
T2DM duration (year) 8.7+4.33 8.08+4.3 04
HBalc % 9.89+2.32 9.13+2.30 0.1
FSG mmol/L 12.84+2.44 11.95+ 2.12 0.3
ACR 3-30mg/g 85.33£66.80  13.12¢6.92  0.0001
S. Creatinine mmol/L 73.48+26.89  58.04+1695  0.001
eGFR 08.16+31.49 123.92+49.90  0.003
CKD stages (according to eGFR ml/min/1.73m?
Stage 1 (>90) 31 40
Stage 2 (60-90) 12 10
Stage 3 (30-60) 0.01

Stage 4 (15-29)
Stage 5 (<15)

Group 1: T2DM patients with DN, Group 2: T2DM patient without
DN. BMI: body mass index, T2DM: type 2 diabetes mellitus, HbAlc:
glycated hemoglobin, FBS: fasting blood sugar, eGFR: estimated
glomerular filtration rate, ACR: urinary albumin-creatinine ratio,
CKD: chronic kidney disease. Continuous were variable expressed as
median+SD.

Table 2: Serum and urine levels of KIM-1 in T2DM patients
with and without nephropathy

Groups S.KIM-1 U.KIM-1
Group 1 3.61+1.26 2.91+0.71
Group 2 0.95+0.24 1.49+0.27
p-value 0.0001 0.0001

Values were expressed as mean=SD; Group 1: T2DM patients
with DN; Group 2: T2DN without DN.

Higher concentrations were reported in patients with DN
compared to the group without DN (Table 3). Table 4
shows Pearson’s correlation analysis for the association
of KIM-1 and nephrin with clinical parameters of DN.
The serum nephrin level is positively correlated with
urinary nephrin, S. creatinine, ACR ratio, and KIM-1 in
serum and urine (r = 0.572, 0.236, 0.505, 0.731, and
0.703, respectively). However, it is negatively
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correlated with the estimated glomerular filtration rate
(r=-10.258).

Table 3: Serum and urine levels of nephrin in T2DM patients
with and without nephropathy

Groups S. Nephrin U. Nephrin
Group 1 29.77+10.47 22.22+12.45
Group 2 6.03+3.02 7.374£2.49
p-value 0.0001 0.0001

Values were expressed as mean+SD; Group 1: T2DM patients
with DN; Group 2: T2DN without DN.

Meanwhile, the urinary nephrin level was positively
correlated with the urinary albumin/creatinine ratio and
the KIM-1 level in both serum and urine (r= 0.453,
0.528, and 0.610, respectively) and negatively
correlated with the estimated glomerular filtration rate
(r= — 0.185). Additionally, the serum KIM-1 level was
positively correlated with urinary KIM-1, S. creatinine,
ACR ratio, and serum and urinary nephrin levels (r=
0.636, 0.274, 0.555, 0.731, and 0.528, respectively) and
negatively correlated with estimated glomerular
filtration rate (r=— 0.233). The result of urinary KIM-1
levels demonstrated a positive correlation with ACR,
serum, and urinary nephrin levels (r = 0.423, 0.703, and
0.610, respectively) and a negative correlation with
eGFR (r= — 0.208). The results for the diagnostic
sensitivity and specificity of serum nephrin for
nephropathy were 94% and 100%, respectively, and for
urinary nephrin levels, they were 80% and 92%,
respectively. For serum KIM-1, the sensitivity and
specificity were 98%, and the sensitivity and specificity
for urinary KIM-1 were 98% and 100%, respectively, as
shown in Table 5 and Figures 1 (A and B), 2 (A and B).

DISCUSSION

Traditional markers such as estimated glomerular
filtration rate (e-GFR) and albuminuria are used to
diagnose DN; however, the gold standard for diagnosing
DN is a renal biopsy, which is less widely utilized due
to its intrusive nature [11]. Microalbuminuria, on the
other hand, has been utilized as a diagnostic sign for
kidney injury for over 30 years. However, new data
show that changes in microalbuminuria cannot predict
the course of nephropathy since renal impairment has
already occurred in at least 33% of patients [12,13].
Aside from this, standard procedures such as BUN and
creatinine testing are commonly utilized but are
insensitive and vague, particularly in the context of
acute kidney injury (AKI) from the perspective of DN.
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Table 4: Pearson’s correlation analysis of the association between KIM-1 levels, nephrin levels, and the markers of diabetic

nephropathy
o = - - = s
— = o @ S = = =
© 1%} D
%) n D
HbALG r-value 1.0 0.58 -0.19 0.21 0.08 0.11 0.08 0.10 0.08
p-value 0.00 0.06 0.04 0.44 0.28 0.42 0.31 0.43
FBG r-value 0.58 1.0 -0.02 0.02 0.003 0.04 0.03 0.05 0.11
p-value 0.00 0.83 0.87 0.98 0.66 0.79 0.59 0.30
S. creatinine r-value -0.19 -0.02 1.0 -0.80 0.25 0.27 0.16 0.24 0.06
p-value 0.06 0.83 0.00 0.01 0.01 0.12 0.02 0.53
eGFR r-value 0.21 0.02 -0.80 1.0 -0.24 -0.23 -0.21 -0.258 -0.19
p-value 0.04 0.87 0.00 0.02 0.02 0.04 0.01 0.07
ACR r-value 0.08 0.003 0.25 -0.024 1.0 0.56 0.42 0.51 0.45
p-value 0.44 0.98 0.01 0.02 0.00 0.00 0.00 0.00
KIM.S r-value 0.11 0.04 0.27 -0.23 0.56 1.0 0.64 0.73 0.53
p-value 0.28 0.66 0.01 0.02 0.00 0.00 0.00 0.00
KIMLU r-value 0.08 0.03 0.16 -0.021 0.42 0.64 1.0 0.70 0.61
' p-value 0.42 0.79 0.12 0.04 0.00 0.00 0.00 0.00
S.Nephrin r-value 0.10 0.05 0.24 -0.26 0.51 0.73 0.70 1.0 0.57
p-value 0.31 0.59 0.02 0.01 0.00 0.00 0.00 0.00
U.Nephrin r-value 0.08 0.11 0.06 -0.19 0.45 0.53 0.61 0.57 1.0
p-value 0.43 0.30 0.53 0.07 0.00 0.00 0.00 0.00

ACR: albumin/creatinine ratio; eGFR: estimated glomerular filtration rate; HbAlc: glycated hemoglobin; KIM-1: kidney injury
molecule-1; FBG: fasting blood glucose; U: urine; S: serum.

Table 5: Receiver Operating Characteristic curve data of the
studied markers

The g -
Parameters AUC Explanation p- best SEIEI SEEliEy
value % %
Cutoff
S.KIM-1  0.997 Excellent 0.001 1.4215 98 98
U.KIM-1 0.999 Excellent 0.001 1.9810 98 100
S.Nephrin  0.991 Excellent 0.001 15.1655 94 100
U.Nephrin 0.852 Very good 0.001 10.2315 80 92

Senstity

Sensiivty

ROC Curve

A: Serum nephrin

B: Urinary nephrin

1 - Specificity

Figure 1: Receiver Operating Characteristic curve of the
serum nephrin (A) and urinary nephrin (B) levels.
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ROC Curve

Sensitivity

Az Serum KIM-1

ROC Curve

Sensitivity

Az Urinary KIM-1

1 - Specificity

Figure 2: Receiver Operating Characteristic curve of the
serum KIM-1 (A) and urinary KIM-1 (b) levels.

This highlights the critical need for novel biomarkers
that can accurately predict AKI [14]. Such innovative
biomarkers will not only improve the risk assessment of
DKD patients, but will also reveal new insights into the
disease's complicated pathogenesis as well as potential
novel therapy targets. These indicators typically capture
a single mechanism of the disease process, such as
glomerular or tubular damage, inflammation, or
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oxidative stress [7]. It is especially noteworthy that we
discovered a statistically significant difference in blood
and urine nephrin concentrations in  diabetic
nephropathic patients with microalbuminuria compared
to normoalbuminuric T2DM subjects. These findings
suggest that podocyte destruction may occur in T2DM
patients prior to the development of microalbuminuria
[8]. Despite the fact that there is a highly significant
difference in urine nephrin levels between DM patients
with normoalbuminuria and patients with DN with
microalbuminuria, this protein still appears in both
groups, indicating the presence of nephrin protein in the
urine of T2DM patients with normoalbuminuria,
demonstrating that nephrinuria may precede
microalbuminuria [8]. Our findings were consistent with
a research that found nephrinuria in 54% of DM patients
with normoalbuminuria and 100% of DM patients with
micro- and macroalbuminuria [15,16]. Similarly, higher
urine nephrin levels were seen in 82% of patients with

normoalbuminuria, 88%  of  patients  with
microalbuminuria, and 100% of patients with
macroalbuminuria [8,17]. Because it is inversely

connected with eGFR, the current study shown that it is
possible to considerably enhance the prediction of eGFR
decline using this biomarker. Several studies found that
nephrinuria was associated with higher urine albumin
concentrations and diabetes status. However,
nephrinuria was found in a high proportion of diabetic
patients with normoalbuminuria; thus, given that
hyperglycemia is likely to further damage renal
vasculature and the glomerular filtration barrier over
time, nephrinuria may provide an early indicator of renal
damage, even if not all diabetic patients with nephrinuria
progress to kidney disease [17]. The current finding was
consistent with a previous study that found significant
nephrin loss and redistribution in the glomeruli of
diabetic  patients with  microalbuminuria; this
observation suggests that nephrin loss and redistribution
may precede the development of glomerular lesions and
be an early event in the progression of diabetic
nephropathy [18]. It also revealed that patients with type
1 diabetes and nephropathy have structural changes to
the glomerular filtration unit, such as increased width of
podocyte foot processes and filtration slits [18]. In this
regard, gene expression profiling studies revealed that
the nephrin gene was one of those downregulated in DN;
decreased nephrin mMRNA and protein expression may
be related with podocyte ultrastructural abnormalities,
giving one potential explanation for proteinuria in DN
[19]. Another study found that nephrin concentrations in
the serum were nearly double those in the urine in
patients with severe preeclampsia, and that nephrin
levels in the serum were five times higher than in urine
samples in normal pregnancies. As a result, one can infer
that nephrin can be found in the systemic circulation or
that nephrin secreted by podocytes while passing
through the nephron can be reabsorbed in the renal
tubular system and discovered in the serum. However,
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more research is needed to determine the source and
clinical importance of serum nephrin in diabetic
nephropathy patients [20]. The diagnostic accuracy of
urine nephrin to predict glomerulopathy in the current
investigation revealed extremely strong diagnostic
sensitivity (80%) and specificity (92%), indicating that
urinary nephrin may be a potential biomarker of
glomerular damage. In terms of KIM-1 levels, we
discovered a statistically significant difference in serum
and urine KIM-1 concentrations in diabetic patients with
DN and microalbuminuria compared to T2DM
normoalbuminuric controls. These findings suggest that
proximal tubule impairment may be present in people
with  T2DM  prior to the emergence of
microalbuminuria. There are numerous grounds to
believe that KIM-1 is released into the circulation
following kidney proximal tubule damage. Tubular cell
polarity is lost after damage, and KIM-1 may be
discharged directly into the interstitium. Furthermore,
increased trans-epithelial permeability after tubular
injury causes tubular contents to seep back into the
circulation [21]. In addition, increased microvascular
permeability  contributes  significantly to the
pathogenesis of kidney damage [22]. In renal
microvascular endothelial cells, the actin cytoskeleton
architecture is disrupted, with loss of cell-cell and cell-
matrix adhesion junctions, and endothelial cells are
separated from the basement membrane, allowing KIM-
1 to enter the circulation [9,23]. The current study found
that elevated levels of KIM-1 can be detected in the
blood and can be used as a biomarker of kidney injury.
According to these findings, urine KIM-1 has a high
sensitivity and specificity (98% and 100%, respectively)
for predicting AKI in diabetic patients. However, more
study and clinical studies are required to determine
whether and how uKIM-1 can be employed in clinical
diagnosis.

Conclusion

Because of the elevated levels of KIM-1 and nephrin in
normoalbuminuric subjects, as well as the negative
correlation between KIM-1 and nephrin concentration
with eGFR and the high diagnostic sensitivity and
specificity of these markers in patients with DN, serum
and urinary levels of these markers could be very
important markers for early detection of DN.
Furthermore, these findings show that these indicators
have a higher diagnostic value in the early identification
of DN than microalbuminuria.

ACKNOWLEDGMENT

The authors thank College of Pharmacy, University of
Baghdad for support.

Conflicts of interest

There are no conflicts of interest.



Aljorani et al

Funding source

The authors did not receive any source of fund.

Data sharing statement

Supplementary  data

can be shared with the

corresponding author upon reasonable request.

REFERENCES

1.

10.

11.

Salih BH, Ali SH, Allehibi KI. Serum aldosterone levels in patients

with diabetic nephropathy in relation to vascular calcification.
Iraqi J Pharm Sci. 2019;28(1):53-63. doi:
10.31351/vol28iss1pp53-63.

Yonus SS, AlKataan MAA. Mitochondrial copies number and
some renal function biomarkers in type 2 diabetes mellitus on
metformin. Iragi  J Pharm Sci. 2022;31(2):33-38. doi:
10.31351/vol31iss2pp33-38.

Hussein AM, Ali SH, Rahma AM, Al-Shami AA. Anemia in
diabetic patients without microalbuminuria; in relation to type of
diabetes, glycemic control, and hs-CRP levels. Al-Nahrain J Sci.
2010;13(3):110-119. doi: 10.22401/IJNUS.13.3.19.

. Salman O, Merdaw MA, Almaliky AA. A Novel single nucleotide

polymorphism of interleukin-10 gene is linked to type 2 diabetes
mellitus in Iragi patients with toxoplasmosis. Iraqgi J Pharm Sci.
2022;31(Suppl.):1-8. doi: 10.31351/vol31issSuppl.ppl-8.

Crasto W, Patel V, Davies MJ, Khunti K. Prevention of
microvascular complications of diabetes. Endocrinol Metab Clin.
2021;50(3):431-455. doi: 10.1016/j.ecl.2021.05.005.

Mohammed MM, Hadi RA, Salman IN. Potential positive effects
using coenzyme Q10 supplement as adjuvant therapy to
gabapentin for managing diabetic neuropathy. Iragi J Pharm Sci.
2022;31(2):177-183. doi: 10.31351/vol31iss2ppl77-183.

Jung CY, Yoo TH. Pathophysiologic mechanisms and potential
biomarkers in diabetic kidney disease. Diabetes Merab J.
2022;46(2):181-197. doi: 10.4093/dmj.2021.0329.

Kostovska I, Tosheska-Trajkovska K, Topuzovska S, Cekovska S,
Spasovski G, Kostovski O, et al. Urinary nephrin is earlier, more
sensitive and specific marker of diabetic nephropathy than
microalbuminuria. J Med Biochem. 2020;39(1):83-90. doi:
10.2478/jomb-2019-0026.

Gohda T, Kamei N, Koshida T, Kubota M, Tanaka K, Yamashita
Y, et al. Circulating kidney injury molecule-1 as a biomarker of
renal parameters in diabetic kidney disease. J Diabetes Investig.
2020;11(2):435-440. doi: 10.1111/jdi.13139.

Weil JE, Lemley KV, Mason CC, Yee B, Jones LI, Blouch K, et
al. Podocyte detachment and reduced glomerular capillary
endothelial fenestration promote kidney disease in type 2
diabetic nephropathy. Kidney Int. 2012;82(9):1010.
doi: 10.1038/ki.2012.234.

Santoro D, Torreggiani M, Pellicand V, Cernaro V, Messina RM,

Longhitano E, et al. Kidney Biopsy in Type 2 Diabetic Patients:
Critical Reflections on Present Indications and Diagnostic
Alternatives. Int J Mol Sci. 2021;22(11):5425. doi:
10.3390/ijms22115425.

104

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

KIM-1and nephrin levels in diabetic nephropathy

Hamid GS, Allawi AA, Ghudhaib KK. Correlation of pentosidine
with  kidney diseases in Iragi patients with diabetic
nephropathy. Iragi  J  Sci. 2021;62(10):3436-3442.  doi:
10.24996/ijs.2021.62.10.2.

Tofte N, Lindhardt M, Adamova K, Bakker SJL, Beige J, Beulens
JWJ, et al. Early detection of diabetic kidney disease by urinary
proteomics and subsequent intervention with spironolactone to
delay progression (PRIORITY): a prospective observational study
and embedded randomized placebo-controlled trial. Lancet
Diabetes Endocrinol. 2020;8(4):301-312. doi: 10.1016/S2213-
8587(20)30026-7.

Lee TH, Chen JJ, Cheng CT, Chang CH. Does artificial
intelligence make clinical decision better? A review of artificial
intelligence and machine learning in acute kidney injury
prediction. Healthcare (Basel). 2021;9(12):1662. doi:
10.3390/healthcare9121662.

Jim B, Ghanta M, Qipo A, Fan Y, Chuang PY, Cohen HW, et al.
Dysregulated nephrin in diabetic nephropathy of type 2 diabetes:
a cross sectional study. PLoS One. 2012;7(5):e36041. doi:
10.1371/journal.pone.0036041.

Mahmood AR. Estimation of oxidative stress and some trace
elements in Iragi men patients with type 2 diabetes mellitus.
Iraqi J Pharm Sci. 2016;25(1):17-22. doi:
10.31351/vol25iss1ppl7-22.

Mesfine BB, Vojisavljevic D, Kapoor R, Watson D, Kandasamy
Y, Rudd D. Urinary nephrin-a potential marker of early
glomerular injury: a systematic review and meta-analysis. J
Nephrol. 2023. doi: 10.1007/s40620-023-01585-0.

Doublier S, Salvidio G, Lupia E, Ruotsalainen V, Verzola D,
Deferrari G, et al. Nephrin expression is reduced in human
diabetic nephropathy: Evidence for a distinct role for glycated
albumin and angiotensin Il. Diabetes. 2003;52(4):1023-
1030. doi: 10.2337/diabetes.52.4.1023.

Williams ME. Diabetic nephropathy: the proteinuria
hypothesis. Am J Nephrol. 2005;25(2):77-94. doi:
10.1159/000084286.

Son GH, Kwon JY, Lee S, Park J, Kim YJ, Yun B, et al.
Comparison of serum and urinary nephrin levels between normal
pregnancies and severe preeclampsia. Eur J Obstet Gynecol
Reprod Biol. 2013;166(2):139-144. doi:
10.1016/j.ejogrb.2012.10.011.

Sabbisetti VS, Waikar SS, Antoine DJ, Smiles A, Wang C,
Ravisankar A, et al. Blood kidney injury molecule-1 is a
biomarker of acute and chronic kidney injury and predicts
progression to ESRD in type | diabetes.J Am Soc
Nephrol. 2014;25(10):2177-2186. doi:
10.1681/ASN.2013070758.

Salih RKM, Al-Gharawi AM, Al-Lehibi KI. The correlation
between hyperglycemia and rheumatoid factor in type 2 diabetic
patients in Al-Rusafa Area, Baghdad. Iragi J Pharm Sci.
2012;21(1):105-111.

Sutton TA, Fisher CJ, Molitoris BA. Microvascular endothelial
injury and dysfunction during ischemic acute renal failure.
Kidney Int. 2002;62(5):1539-1549. doi: 10.1046/j.1523-
1755.2002.00631.x.


https://doi.org/10.2337/diabetes.52.4.1023

