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Abstract

Background: Diabetic kidney disease (DKD) is the most common and deranging microvascular complication of diabetes
mellitus (DM). Podocytopathy is a key component of glomerular damage in DKD. Micro RNA-21 (miRNA-21) is an epigenetic
regulator that plays a role in podocyte damage; however, the results of previous studies have not resolved the controversy
about the role of miRNA-21 in the pathogenesis of DKD.

Objective: The objective was to investigate the correlation between miRNA-21 levels and urinary nephrin, podocin, and
urinary albumin-creatinine ratio (UACR) in patients with type 2 DM and albuminuria.

Design: This is a cross-sectional study.

Setting: This study was carried out in internal medicine outpatient clinic of Cipto Mangunkusumo Hospital Jakarta, Indonesia.
Patients: This study consisted of 42 adults with type 2 DM and albuminuria.

Measurements: The measurements include (1) Serum miRNA-21; (2) urinary podocin, nephrin, and albumin-creatinine
ratio; and (3) serum miRNA-2| correlated to urinary podocin, nephrin, and albumin-creatinine ratio.

Methods: The Spearman bivariate analysis to assess the correlation of miRNA-21 with nephrin, podocin, and UACR.
Results: The mean relative expression of miRNA-2| was 0.069 (0.024), the median for nephrin, podocin, and UACR was
35.5 (15.75-51.25) ng/mL, 0.516 (0.442-0.545) ng/mL, and 150 (94.56-335.75) ng/mL, respectively. A correlation between
miRNA-2| and nephrin was observed (r = 0.598; P < .0001). There was a correlation between miRNA-21 and UACR (r =
0.604; P < .0001). No correlation was found between miRNA-21 and podocin.

Limitations: A lack of non-DM and non-albuminuric control population and small sample size. We could not exclude
concurrent disease, and all other potential confounding variables, particularly those related to inflammation.

Conclusions: The miRNA-21| can be considered an early biomarker for podocytopathy and albuminuria in DM, highlighting
its potential for early diagnostic and therapeutic interventions. Further research is required to confirm these findings and
explore their clinical applications, which could significantly alter management strategies for DKD.

Abrégé

Contexte: La maladie rénale diabétique (MRD) est la complication microvasculaire la plus fréquente et une des plus
inquiétantes du diabéte (DB). La podocytose est une composante clé des lésions glomérulaires en contexte de MRD. Le
micro-ARN-21 (miARN-21) est un régulateur épigénétique impliqué dans les Iésions podocytaires, mais les résultats des
études précédentes n'ont pas résolu la controverse sur le réle du miARN-21 dans la pathogenése de la MRD.

Objectif: Etudier la corrélation entre le taux de miARN-21 et la néphrine, la podocine et le rapport albumine-créatinine
(RAC) urinaires chez les patients atteints de diabéte de type?2 et présentant une albuminurie.

Type d’étude: Etude transversale

Cadre: La clinique ambulatoire de médecine interne de 'hépital Cipto Mangunkusumo a Jakarta (Indonésie).

Sujets: 42 adultes diabétiques de type 2 présentant une albuminurie.
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Mesures: (1) miARN-21[ sérique; (2) podocine, néphrine et rapport albumine-créatinine urinaires; (3) le miARN-21 sérique
corrélé a la podocine, a la néphrine et au rapport albumine-créatinine urinaires.

Méthodologie: L’'analyse bivariée de Spearman a servi a évaluer la corrélation entre le taux de miARN-21 et la néphrine, la
podocine et le rapport albumine-créatinine urinaires.

Résultats: L’expression relative moyenne du miARN-21 était de 0,069 ng/ml (0,024). La médiane s’établissait a 35,5 (15,75—
51,25) ng/ml pour la néphrine, a 0,516 (0,442-0,545) ng/ml pour la podocine et a 150 (94,56—-335,75) ng/ml pour le RAC. On
a observé une corrélation entre le miARN-21 et la néphrine (r = 0,598; p = < 0,0001), de méme qu’entre le miARN-21 et
le RAC (r = 0,604; p = <<0,0001). Aucune corrélation n’a été observée entre le miARN-21 et la podocine.

Limites: L’étude ne comporte pas de population témoin (non-DB et sans albuminurie) et I'’échantillon est de petite taille. |l
n’a pas été possible d’exclure les maladies concomitantes, de méme que toutes les autres variables confondantes potentielles,
en particulier celles qui sont liées a I'inflammation.

Conclusion: Chez les patients diabétiques, le miARN-2| peut étre considéré comme un biomarqueur précoce de la
podocytose et de I'albuminurie, ce qui met en évidence son potentiel a faire partie des interventions diagnostiques et
thérapeutiques précoces. D’autres recherches sont nécessaires pour confirmer ces résultats et explorer leurs applications

cliniques, ce qui pourrait modifier considérablement les stratégies de prise en charge de la maladie rénale diabétique.
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Introduction

Diabetic kidney disease (DKD) is the most common micro-
vascular complication in patients with diabetes mellitus
(DM). This complication affects over 30% to 40% of patients
with DM.! According to data collected by the Indonesian
Renal Registry in 2018, DKD is the second most common
cause of end-stage kidney disease (ESKD) patients undergo-
ing dialysis, with the number of patients reaching 28% of all
cases.? Although the current management of DKD which
includes lifestyle modifications, intensive control of glyce-
mic status, blood pressure, lipid profile, and albuminuria has
yielded promising results in relation to DM complications,
DKD remains a major risk factor for the development of
ESKD.' The 5-year survival rate in late-stage DKD patients
is only around 20%.? The pathogenesis of DKD is known to
involve various metabolic, hemodynamic, and inflammatory
pathways caused by persistent hyperglycemic conditions.
Evidence has demonstrated that podocytopathy plays an
important role in the early pathogenesis of DKD and is a
major factor in glomerular damage, ultimately resulting in
proteinuria and further renal damage. However, the mole-
cules that modulate podocytopathy in DKD have not yet
been fully clarified.* Therefore, identifying key molecules
involved in podocyte damage will provide new insights
regarding the pathogenesis of DKD.

Albuminuria is currently the most important clinical bio-
marker for the early detection of DKD. However, its useful-
ness is limited in that not all diabetic patients with
microalbuminuria will advance to end-stage DKD. As many
as 30% of patients with DKD have normal urinary albumin
levels.’ Nephrin and podocin are transmembrane proteins
found in podocytes, which play an essential role in the glo-
merular filtration barrier. If podocytes are damaged, these

proteins are released from the glomerular basement mem-
brane. Consequently, nephrinuria and podocinuria can be
detected.® Elevated urinary levels of nephrin and podocin
may be a more specific and sensitive early marker than albu-
minuria for the early detection of DKD.”$

Recent research has investigated novel concepts regard-
ing the pathophysiology of DM and DKD, including the
contribution of epigenetic modifications.® One of the epi-
genetic modifications that has attracted attention is related
to the role of microRNA (miRNA). Persistent hyperglyce-
mia may result in the increased expression of miRNA. The
miRNA that has been most commonly studied in relation to
DKD is miRNA-21.'% In the examination of genomic miRNA

'Division of Nephrology and Hypertension, Department of Internal
Medicine, Faculty of Medicine and Cipto Mangunkusumo Hospital,
Universitas Indonesia, Jakarta, Indonesia

2Department of Internal Medicine, Faculty of Medicine and Cipto
Mangunkusumo Hospital, Universitas Indonesia, Jakarta, Indonesia
3Division of Geriatrics, Department of Internal Medicine, Faculty of
Medicine and Cipto Mangunkusumo Hospital, Universitas Indonesia,
Jakarta, Indonesia

“Division of Allergy and Immunology, Department of Internal Medicine,
Faculty of Medicine and Cipto Mangunkusumo Hospital, Universitas
Indonesia, Jakarta, Indonesia

*Division of Metabolic Endocrine, Department of Internal Medicine,
Faculty of Medicine and Cipto Mangunkusumo Hospital, Universitas
Indonesia, Jakarta, Indonesia

®Division of Psychosomatic, Department of Internal Medicine, Faculty
of Medicine and Cipto Mangunkusumo Hospital, Universitas Indonesia,
Jakarta, Indonesia

Corresponding Author:

Pringgodigdo Nugroho. Division of Nephrology, Department of Internal
Medicine, Faculty of Medicine and Cipto Mangunkusumo Hospital,
Universitas Indonesia, JI. Diponegoro No. 71, Jakarta 10430, Indonesia.
Email: pringgodigdo.nugroho@ui.ac.id


mailto:pringgodigdo.nugroho@ui.ac.id

Nugroho et al

expression analysis, miRNA-21 exhibits the highest upregu-
lation in the kidney.!" Previous studies have revealed that
both the increased expression and suppressed expression of
miRNAs exert significant effects on podocyte damage.'? The
precise molecular mechanism responsible for miRNA-
induced podocyte injury in DKD has yet to be fully eluci-
dated. Previous research results remain controversial
regarding the involvement of miRNA-21 in podocyte dam-
age. To date, no research has been conducted regarding the
relationship between miRNA-21 levels and urinary podocyte
damage markers, including nephrin and podocin, which are
earlier markers than albuminuria in individuals with DKD.
Therefore, this cross-sectional study aims to establish the
role of miRNA-21 and podocyte damage in the early patho-
genesis of clinical DKD, marked by albuminuria in type 2
diabetic patients. We hypothesized that there is miRNA-21
that plays a part in podocyte damage, as shown by change in
urinary nephrin, podocin, and albumin-creatinine ratio.

Methods
Study Design and Setting

This cross-sectional study was conducted at the nephrology
and endocrinology outpatient clinic of Internal Medicine
Department, Cipto Mangunkusumo Hospital, Jakarta,
Indonesia (The National Referral Hospital Teaching
Hospital). The recruitment period was from July 2022
through August 2023.

Inclusion and Exclusion Criteria

The inclusion criteria for this study were adult aged 18 to 70
years who had been clinically diagnosed with type 2 DM
with albuminuria (urine albumin-creatinine ratio of =30
mg/g), who had given their consent to participate in the
research. The exclusion criteria for this study pertained to
patients suffering from other diseases that cause proteinuria,
such as urinary tract infections, leukocyturia, hematuria, or
urolithiasis. We also eliminated patients who were suffering
from acute illnesses, such as acute complications of diabetes,
acute coronary heart disease, acute cerebrovascular disease,
acute infection, systemic infection, or malignancies; those
who engaged in tobacco use or who had a previous smoking
history; and those who were pregnant. Study participants
were consecutively recruited.

Patients screening, recruitment, and data collection proce-
dure. We screened 45 participants with clinical DKD, mani-
fested as type 2 DM with albuminuria. Two samples were
excluded due to hematuria and leucocyturia. One blood
sample lysed during the laboratory check; hence, a total of
42 participants were analyzed. Primary and secondary data
were obtained from all samples. Primary data from history
taking and laboratory check of blood and urine. Clinical

characteristics (eg, sex, age, duration of diabetes, previous
medical history and medication used, duration on medica-
tion) were obtained from patient interview and the electronic
health records.

Screening included history taking, physical examination,
urine examination to determine albuminuria and blood
examination to see estimated glomerular filtration rate
(eGFR), calcium and phosphate to assess blood calcium and
phosphate levels, and HbA | to determine whether DM is
controlled. Participants and their families received an expla-
nation about the purpose, method of research, and the right to
stop or refuse to take part in the research. All participants
agreed and signed an informed consent to enroll in the study.

Urine sample collection and processing. Upon agreeing to par-
ticipate in the study, 20 mL of urine sample was taken from
the midstream urine in a sterile container for examination of
urinary albumin-creatinine ratio (UACR), podocin, and
nephrin.

Podocin was examined using human podocin/PDCN
(NPHS2) enzyme-linked immunosorbent assay (ELISA) Kit,
based on a sandwich enzyme-linked immunosorbent assay
technology. An antibody is pre-coated onto a plate. Standards,
test samples, and biotin-conjugated reagent are added to the
wells and incubated. The horseradish peroxidase (HRP)-
conjugated reagent is then added, and the whole plate is incu-
bated. Unbound conjugates are removed using wash buffer at
each stage. TMB (3,3°,5,5’-Tetramethylbenzidine) substrate is
used to quantify the HRP enzymatic reaction. After TMB sub-
strate is added, only wells that contain sufficient NPHS2 will
produce a blue colored product, which then changes to yellow
after adding the acidic stop solution. The intensity of the yel-
low color is proportional to the NPHS2. The concentration of
NPHS?2 was calculated based on the optical density.

Nephrin was measured using Human Nephrin ELISA
(Exocell) kit. The assay is conducted in an indirect competi-
tive mode. The mouse anti-human nephrin is added to the
plate. Antibody interacts and binds with the stationary-phase
or fluid-phase nephrin (competitive binding). A subsequent
reaction with anti-mouse IgG-HRP conjugate labels the
probe with enzyme. After washing, only the antibody-conju-
gate reacting with the anti-nephrin antibody bound to neph-
rin antigen of the stationary phase remains in the well, and
detected using a chromogenic reaction. Color intensity in
nephrin ELISA is inversely proportional to the logarithm of
nephrin concentration in the fluid phase.

The wurine creatinine-albumin ratio was determined
through the sandwich immunometric assay technique.

Blood sample collection and processing. Ten mL of venous
blood sample were collected from each participant at the
same time of blood sample collection. After centrifugation at
1900 X g for 10 minutes at 4°C using swinging bucket rotor,
plasma serum was separated to a new container, where it was
stored in cryovials at 70°C until assays were performed.
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The total RNA was extracted from serum using reagent
mIRNeasy Serum/Plasma Advanced Kit (Cat. No. 217204,
Qiagen, Hilden, Germany) with spin column method. The
extracted RNA was reverse-transcripted to complementary
DNA (cDNA) wusing TagMan MicroRNA Reverse
Transcription Kit (Cat. No. 4366596, Applied Biosystem,
Thermo Scientific, Waltham, Massachusetts) with standard
protocol as follows: reverse transcription in 16°C and 42°C
for 30 minutes each, then the reaction is stopped at 85°C for
5 minutes, then held at 4°C. The miRNA-21 value was
assessed using Real-Time Polymerase Chain Reaction
(RT-PCR) technique using TagMan Universal Master Mix.
The reaction was done twice for each sample, using standard
protocol: enzyme activation at 95°C for 10 minutes, denatur-
ation 95°C for 15 seconds, and anneal 60°C for 1 minute.
The expression of miRNAs was given as Ct value, where the
cycle threshold (Ct) is defined as the number of cycles neces-
sary for the fluorescent signal to cross the threshold of
RT-PCR. The miRNA-16 was used as reference. The expres-
sion (F) of miRNA-21 was counted using relative quantita-
tive method by Schmitgen and Livak: F = 2-AX%; ACt: Ct
miRNA-21 (—) Ct miRNA-16.

Biochemical analysis. Plasma fasting blood sugar, serum urea,
and creatinine were estimated using automated chemistry
analyzer. The estimated glomerular filtration rate was calcu-
lated using the Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equation.

Ethics

The Ethical Committee of the Faculty of Medicine,
Universitas Indonesia, approved this study (ref: 176/UN2.
FI/ETIK/PPM.00.02/2022).

Statistical Analysis

A data analysis was performed using the SPSS 20 software.
For normally distributed numerical data, the mean and stan-
dard deviation were reported, whereas the median and inter-
quartile range were reported for non-normally distributed
data. Categorical data were presented as percentages. A
Pearson correlation test was used to analyze the association
between miRNA-21 and the nephrin, podocin, and UACR if
the data were normally distributed. A Spearman analysis was
used if the data were not normally distributed.

Results

Forty-two participants, with a mean age of 57.7 (standard devi-
ation [SD] = 6.67) years were included in this analysis. Of
them, 47.6% were male, and 52.4% were female. The duration
of their DM diagnoses varied from 1 to 23 years (median 6
years, with an IQR of 3-15.5 years). Hypertension was detected
in 73.8% of the participants, and 66.7% of them were treated

with angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker (ACE-i/ARB) therapy. Furthermore, 54.8%
of participants had dyslipidemia, with 45.2% receiving statins.
Obesity was observed in 26.2% of the study participants, with
a mean body mass index (BMI) of 26.85 (SD = 4.7) kg/m?. Of
the study participants, 45.2% had HbA | levels exceeding 7%,
with a mean HbA,  value of 6.78% (SD = 0.75). Our partici-
pants had a median eGFR of 70 (56.85-90.77) mL/min/1.73
m?. Most of the study participants (66.7%) had an eGFR equal
to or greater than 60 mL/min/1.73 m? The median neutrophil-
lymphocyte ratio (NLR) for this study was 2.77 (IQR = 2.03-
3.48). The study found a mean relative expression of serum
miRNA-21 of 0.069 (SD = 0.024), with a median urinary
nephrin level of 35.5 ng/mL (IQR = 15.75-51.25) and a
median urinary podocin level of 0.516 ng/mL (IQR = 0.447-
0.620). The median UACR was 16.95 mg/mmol (IQR =
10.69-37.94). The demographic and clinical characteristics of
the participants are presented in Table 1.

Correlations Between miRNA-2 |, Nephrin,
Podocin, and Urinary Albumin-Creatinine Ratio

The results of the analysis demonstrated that there was a
moderate positive correlation between miRNA-21 and neph-
rin (r = 0.59, P < .0001). We found no significant correla-
tion between miRNA-21 and podocin (r = 0.22, P = .17).
There was a moderate positive correlation between miRNA-
21 and UACR (r = 0.60, P < .0001). Table 2 and Figures 1
to 3 present the results of the bivariate analysis between the
study variables.

Correlations of Nephrin, Podocin, and Urinary
Albumin-Creatinine Ratio With Confounding
Variables

A bivariate analysis was performed to determine the correla-
tions between the levels of nephrin, podocin, and UACR and
the confounding factors. The results obtained are presented
in Tables 2 and 3. Nephrin levels was associated with hyper-
tension, with its value found to be higher in those with hyper-
tension (P = .04). There was also a statistically significant
association between nephrin levels and NLR, with higher
nephrin values in those with NLR > 3 (P = .04). Higher
podocin level was observed in participants aged 60 years and
above, revealing a statistically significant association
between podocin levels and age (P = .02). A significant
association was observed between podocin levels and eGFR,
wherein higher podocin values were found in the eGFR < 60
mL/min/1.73 m? group (P = 0.01). There was a statistically
significant association between UACR levels and eGFR, in
which UACR values were higher in the eGFR < 60 mL/
min/1.73 m? group compared with the eGFR =60 mL/
min/1.73 m? group (P = .01). No significant correlation was
found for other confounding variables (Table 4).
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Table I. Baseline Characteristics.

Characteristics n =42
Ages (years), mean (SD) 57.7 (6.67)
Duration of diabetes (years), median (IQR) 6 (3-15.5)
Sex n (%)
Male 20 (47.6)
Female 22 (52.4)
Comorbidity (%)
Hypertension 31 (73.8)
Dyslipidemia 23 (54.8)
Obesity 11 (26.2)
ACE-i/ARB, n (%)
Yes 26 (61.9)
No 16 (38.1)
OHA, n (%)
Yes 38 (90.5)
No 4 (9.5)
Insulin, n (%)
Yes 18 (42.9)
No 24 (57.1)
Statin, n (%)
Yes 19 (45.2)
No 23 (54.8)
SBP, mm Hg, mean (SD) 133.21 (17.83)
DBP, mm Hg, mean (SD) 72.69 (11.26)
BMI, kg/m?, mean (SD) 26.85 (4.7)
HbA,, %, mean (SD) 6.78 (0.75)
Total cholesterol, mmol/L, mean (SD) 4.77 (1.40)
LDL, mmol/L, mean (SD) 2.82 (1.12)
HDL, mmol/L, median (IQR) 1.10 (0.93-1.25)
Triglyceride, mmol/L, median (IQR) 1.54 (1.10-2.43)
Creatinine, umol/L, mean (SD) 88.4 (22.52)
Urea, mmol/L, mean (SD) 5.60 (1.62)

eGFR, ml/min/1.73 m2, median (IQR)
NLR, median (IQR)

Nephrin, ng/mL, median (IQR)
Podocin, ng/mL, median (IQR)
UACR, mg/mmol, median (IQR)
miRNA-21, mean (SD)

70 (56,85-90,77)
2.77 (2.03-3.48)
35.5 (15.75-51.25)

0.516 (0.442-0.545)

16.95 (10.69-37.94)

0.069 (0.024)

Note. ACE- i/ARB = angiotensin converting enzyme inhibitor/angiotensin
receptor blocker; OHA = oral hypoglycemic agent; HbA, = hemoglobin
A, LDL = low-density lipoprotein; HDL = high-density lipoprotein; GFR
= glomerular filtration rate; NLR = neutrophil-lymphocyte ratio; UACR
= urinary albumin-creatinine ratio; SD = standard deviation;

IQR = interquartile range; BMI = body mass index; SBP = systolic blood
pressure; DBP = diastolic blood pressure.

Discussion

Our study revealed a moderate and statistically significant
positive correlation between serum miRNA-21 levels and
urinary nephrin levels in patients with type 2 DM and albu-
minuria. This suggests that the process of podocytopathy that
occurs in DKD may involve the epigenetic mechanism of
miRNA-21. These results are consistent with previous stud-
ies that examined the role of miRNA-21 in podocyte damage

Table 2. Correlations Between miRNA-21, Nephrin, Podocin,
and UACR.

miRNA-21
Variable R P
Nephrin 0.59 <.0001
Podocin 0.22 0.17
UACR 0.60 <.0001

in DKD. Wang et al conducted a study to investigate the
effect of miRNA-21 on the podocyte dedifferentiation pro-
cess in the podocyte cells of diabetic nephropathy mice
model. The results demonstrated that miRNA-21 expression
in podocyte activates transforming growth factor beta 1
(TGF-B1), which increases the expression of Smad3 but sup-
presses the expression of Smad7."

The presence of nephrin in urine indicates podocyte injury
in early DKD development. Changes in the regulation of
nephrin may result in impairments in the size selectivity of
the diaphragm gap that lies between the podocyte foot pro-
cesses. Normoalbuminuric patients with type 1 and type 2
diabetes exhibited increased levels of nephrinuria, a phe-
nomenon suggesting that nephrinuria may precede microal-
buminuria in the progression of DKD.'* According to the
literature, miRNA-21 plays a role in the development of
DKD in the glomerulus. It has a strong correlation with
hyperglycemia, resulting in an increase in renal cell hyper-
trophy and matrix expansion.'> The miRNA-21 most likely
undergoes similar activity in podocytes, as indicated by the
significant correlation with nephrinuria levels found in this
study.

We found no significant correlation between serum
miRNA-21 and urinary podocin levels in patients with type
2 DM and albuminuria. However, Sato et al' reported that
compared with the initial phase of podocyte damage, there is
increased podocin excretion as the podocyte damage pro-
gresses. Zeng et al found an association between podocin
levels and reduced eGFR in people with DKD. Participants
in the study had a mean eGFR of 41.4 (SD = 31.3) mL/
min/1.73 m?. Median proteinuria was 2.5 (1.7-4.5) g per
day.!” In our study, the majority of participants exhibited nor-
mal levels of eGFR and were classified as having microalbu-
minuria, indicating a lack of advancement in DKD. This
varying characteristic could be the reason for the absence of
a notable correlation between miRNA-21 and podocin.

Based on the data analysis performed in this study, a sta-
tistically significant and moderately positive correlation was
observed between serum miRNA-21 levels and the urinary
creatinine-to-albumin ratio in patients with DKD. Research
by Fouad et al found that miRNA-21 levels increased signifi-
cantly in type 1 DM patients as early as 5 years after the
onset of diabetes, before the onset of microalbuminuria, and
that they continued to increase with the progression of DM,
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Figure |. Scatter diagram illustrating the correlation between miRNA-2| and nephrin.
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Figure 2. Scatter diagram indicating the correlation between miRNA-21 and podocin.
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Figure 3. Scatter diagram illustrating the correlation between miRNA-21 and UACR.

Table 3. Correlations of Nephrin and Podocin, With Confounding Variables.

Nephrin (ng/mL) median

Podocin (ng/mL) median

Confounding variables (IQR) P (IQR)/mean (SD) P

Ages .87 .02
< 60 years 22 (16-50.50) 0.486 (0.072)
= 60 years 23 (14.50-66) 0.567 (0.110)

Duration of DM .66 |
< 10 years 19 (15-50) 0.510 (0.460-0.619)
= |0 years 23 (16-67) 0.526 (0.435-0.648)

Dyslipidemia .65 .65
Yes 27 (17-50) 0.523 (0.485-0.626)
No 19 (15-60) 0.497 (0.445-0.619)

Hypertension .04 .23
Yes 51 (21-65) 0.575 (0.485-0.657)
No 19 (15-45) 0.497 (0.445-0.611)

Glycemic state .30 27
HbA, < 7% 22 (15-50) 0.522 (0.988)
HbA, = 7% 28 (17-67) 0.558 (0.111)

eGFR 22 .01
< 60 mL/min/1.73 m? 47.50 (17.5-61.75) 0.541 (0.485-0.648)
= 60 mL/min/1.73 m? 22.50 (15-48) 0.454 (0.432-0.523)

Obesity .08 31
Yes 28 (17-56) 0.575 (0.497-0.648)
No 17 (14-26) 0.510 (0.445-0.604)

NLR .04 .70
NLR < 3 18.5 (15-48.75) 0.516 (0.451-0.640)
NLR > 3 39 (22-62.75) 0.515 (0.440-0.620)

Statin .58 40
Yes 23 (15-71) 0.485 (0.445-0.648)
No 23 (16-50) 0.523 (0.485-0.619)

Note. SD = standard deviation; IQR = interquartile range; DM = diabetes mellitus; NLR = neutrophil-lymphocyte ratio.
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Table 4. Correlations of UACR With Confounding Variables.

UACR (mg/g) Median

R (IQR) P

Age .96
< 60 years 150 (97.31-314)
= 60 years 182.4 (45.55-343)

Duration of DM .55
< 10 years 150 (83.69-347)
= |0 years 166.30 (110-332)
Dyslipidemia 150 (83.69-332) .85
Yes 133 (96.2-362)

No

Hypertension 71
Yes 179.5 (41.60-347)
No 133 (96.32-332)

Glycemic state 19
HbA, <7% 127.20 (43.31-347)
HbA, =7% 183 (98.31-332)

eGFR .0l
< 60 mL/min/1.73 m2  278.5 (121.13-501.71)
= 60 mL/min/1.73 m?  130.1 (53.40-181.67)

Obesity NN
Yes 179 (110-347)
No 117.10 (42.40-150)

NLR 12
NLR < 3 125.25 (85.09-188.85)
NLR >3 219.15 (131-408.16)

Statin 40
Yes 183 (114.5-347)
No 133 (89.3-191)

Note. UACR = urinary albumin: creatinine ratio; DM = diabetes mellitus;
NLR = neutrophil-lymphocyte ratio; IQR interquartile range.

whereas eGFR levels decreased. In addition, the study found
that microRNA-21 levels =0.01 could predict the occur-
rence of microalbuminuria.'®

Wang et al conducted a study using a mice model of DKD.
Their findings revealed a positive association between
miRNA-21 expression as well as both the UACR and the
glomerular fibrosis index. However, they also found a nega-
tive correlation between miRNA-21 expression and creati-
nine clearance.'® Chien et al conducted a study in Taiwan and
reported higher miRNA-21 levels in DKD groups with mac-
roalbuminuria compared to those with microalbuminuria or
normoalbuminuria. The expression of miRNA-21 signifi-
cantly increased in individuals with an eGFR < 60 mL/
min/1.73 m? compared to those with higher eGFR.2° This
finding is consistent with our current study, in which statisti-
cally significantly higher levels of miRNA-21 were found in
the macroalbuminuria group compared to those with
microalbuminuria.

The strength of this study is that, to our knowledge, it
is the first study to examine the correlations between

miRNA-21 levels and urinary markers of podocytopathy
using nephrin and podocin. However, this study has several
weaknesses that must be taken into account. There is lack of
a control group to serve as control compared to the diabetic
and albuminuric participants, and the sample size of study
was relatively small. We could not exclude concurrent dis-
ease, and all other potential confounding variables, particu-
larly those related to inflammation, due to limited time and
resources. This research design is a cross-sectional study;
thus, it does not explain the cause and effect relationship.

Conclusions

The miRNA-21 emerges as a crucial biomarker with the
potential to transform the early detection and treatment of
podocytopathy and albuminuria in diabetic patients. It is a
promising avenue for timely intervention, enabling health
care professionals to identify renal complications in their
early stages and implement proactive therapeutic measures.
Recognizing miRNA-21 as an early indicator not only under-
scores its diagnostic importance but also highlights its poten-
tial for tailored interventions aimed at slowing the progression
of DKD. Comprehensive validation studies and further explo-
ration of its applications across various clinical contexts are
needed to reshape current approaches to managing DKD.
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