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ABSTRACT

Background: Chronic kidney disease (CKD) is a progressive disorder characterized by irreversible decline in renal
function and increased risk of cardiovascular morbidity and mortality. Conventional biomarkers such as serum
creatinine, blood urea, and estimated glomerular filtration rate (eGFR) have limitations in accurately reflecting
ongoing molecular injury and disease severity. MicroRNAs (miRNAs), particularly miRNA-21 and miRNA-29, have
emerged as promising non-invasive biomarkers due to their involvement in renal fibrosis, inflammation, and disease
progression.

Methods: A case-control cohort study was conducted in the Department of Medicine and Intensive Care Unit at Dr.
D. Y. Patil Medical College, Hospital and Research Institute, Kolhapur, over a period of 18 months. A total of 127
participants were enrolled, including 98 CKD patients and 29 healthy controls. Patients were categorized according
to CKD stage based on eGFR. Serum miRNA-21 and miRNA-29 expression levels were measured and correlated
with renal function parameters including eGFR, serum creatinine, and serum urea. Statistical analysis was performed
to assess differences between groups and correlations with disease severity.

Results: CKD patients demonstrated significantly reduced eGFR (16.86 = 13.56 vs. 104.90 £+ 20.05 mL/min/1.73 m?;
p=0.001) and significantly elevated serum creatinine (5.54 + 2.68 vs. 0.79 + 0.18 mg/dL; p=0.001) and serum urea
(109.61 £ 41.84 vs. 32.65 £ 15.56 mg/dL; p=0.001) compared with controls. Mean serum miRNA-21 expression was
significantly higher in CKD patients than controls (4.42 + 1.43 vs. 1.45 £ 0.29; p<0.001), while mean serum miRNA-
29 expression was significantly lower (0.25 £ 0.11 vs. 0.99 + 0.13; p<0.001). Stage-wise analysis showed progressive
elevation of miRNA-21 from 2.38 = 0.98 in Stage 2 to 5.33 + 0.95 in Stage 5 CKD, whereas miRNA-29 progressively
declined from 0.63 £+ 0.01 in Stage 2 to 0.18 = 0.03 in Stage 5 CKD (p=0.001). miRNA-21 showed strong negative
correlation with eGFR (r = -0.806, p<0.001) and positive correlations with serum creatinine (r = 0.953, p<0.001) and
serum urea (r = 0.831, p<0.001). Conversely, miRNA-29 demonstrated a strong positive correlation with eGFR (r =
0.995, p<0.001) and negative correlations with serum creatinine (r = -0.784, p<0.001) and serum urea (r = -0.702,
p<0.001).

Conclusion: Serum miRNA-21 and miRNA-29 are significantly associated with CKD severity. miRNA-21 acts as a
positive marker of disease progression, while miRNA-29 behaves as an inverse marker reflecting preserved renal
function. These findings support the potential utility of serum miRNA-21 and miRNA-29 as non-invasive biomarkers
for assessing disease severity and monitoring progression in patients with chronic kidney disease.

KEYWORDS: Chronic kidney disease, CKD, microRNA-21, microRNA-29, biomarker, eGFR, serum creatinine,
renal fibrosis, disease severity.

INTRODUCTION

Chronic kidney disease (CKD) is a global health burden with rising prevalence and significant morbidity and mortality.
It is characterized by a gradual and irreversible decline in renal function, ultimately leading to end-stage kidney disease
(ESKD) requiring dialysis or transplantation. The global prevalence of CKD is estimated to affect 9-13% of the
population, with diabetes mellitus and hypertension being the leading etiological factors. Despite advances in renal
replacement therapies, CKD is associated with poor clinical outcomes and a high risk of cardiovascular complications.
Traditional diagnostic and prognostic measures, such as serum creatinine, estimated glomerular filtration rate (¢GFR),
and proteinuria, are often limited by low sensitivity and specificity, as they reflect renal damage only after substantial
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nephron loss has occurred. This creates an urgent need for novel, sensitive biomarkers that can detect kidney injury at
an earlier stage and assess disease severity with greater precision [1,2].

MicroRNAs (miRNAs), a class of small, non-coding RNA molecules of approximately 1825 nucleotides, have
recently emerged as promising candidates for biomarker discovery. They are highly conserved, regulate post-
transcriptional gene expression, and play critical roles in cellular processes such as apoptosis, proliferation,
differentiation, and fibrosis. Importantly, miRNAs exhibit remarkable stability in serum and other body fluids due to
their encapsulation within extracellular vesicles or binding to proteins, making them suitable for non-invasive
biomarker applications. In CKD, dysregulated miRNA expression has been linked to key pathogenic mechanisms,
including glomerulosclerosis, tubulointerstitial fibrosis, inflammation, and vascular calcification. Studies have
demonstrated that circulating miRNAs not only reflect kidney injury but also correlate with disease severity,
suggesting their potential utility in both diagnosis and prognosis [3,4].

The role of inflammation and fibrosis in CKD progression highlights the mechanistic significance of miRNAs. For
instance, miR-21 has been shown to promote renal fibrosis by targeting metabolic pathways and enhancing
transforming growth factor-p (TGF-p)-mediated signaling, which is central to the development of glomerulosclerosis.
Similarly, miR-29 family members are known to regulate extracellular matrix deposition and their downregulation has
been implicated in progressive renal scarring. In addition, miR-192 has been reported to influence TGF- signaling
and collagen expression in diabetic nephropathy, underscoring the importance of miRNAs in disease-specific
pathways. The consistent association between these molecules and fibrotic processes in the kidney strengthens the
argument that serum miRNA signatures could serve as biomarkers for assessing CKD severity and progression [5,6].

Another advantage of using serum miRNAs as biomarkers lies in their early detectability. Traditional measures such
as eGFR decline or proteinuria often manifest late, whereas miRNA dysregulation can precede overt renal dysfunction.
For example, circulating levels of miR-21 and miR-155 have been found elevated in patients with early CKD,
suggesting that miRNA profiling could enable earlier diagnosis and timely interventions. Moreover, dynamic changes
in miRNA levels have been reported to correlate with CKD stages, offering the possibility of disease severity
stratification and monitoring therapeutic responses [7].

Recent advances in high-throughput technologies, such as next-generation sequencing (NGS) and quantitative real-
time polymerase chain reaction (QRT-PCR), have facilitated large-scale profiling of serum miRNAs. These methods
provide sensitive and specific quantification, allowing researchers to identify unique miRNA signatures associated
with CKD. Notably, studies have reported distinct panels of serum miRNAs that differentiate CKD patients from
healthy controls, and even among CKD stages. For instance, one study identified a panel including miR-21, miR-210,
and miR-423 as potential markers for renal function decline, demonstrating diagnostic accuracy superior to traditional
biochemical markers. These findings underscore the translational potential of miRNAs into clinical practice as tools
for patient risk stratification [8].

The clinical implications of adopting serum miRNAs as biomarkers are profound. They offer the potential to
personalize CKD management by enabling early detection, accurate staging, and prediction of disease progression.
This could guide therapeutic interventions, such as initiating Reno protective therapies or adjusting treatment intensity
based on miRNA profiles. Additionally, since miRNAs regulate multiple pathways, their measurement could provide
mechanistic insights into the heterogeneity of CKD, helping to distinguish between different etiologies and responses
to therapy. Ultimately, integrating serum miRNAs into clinical practice may help shift the paradigm of CKD
management from reactive to proactive care [10,11].

MEHODOLOGY

A case-control cohort studywas conducted in the Ward and Intensive Care Unit (ICU) of the Medicine Department at
Dr. D. Y. Patil Medical College, Hospital, and Research Institute, Kolhapur. The purposive sampling technique was
used. Duration of the study was 18 months. The study was started after getting ethical approval from Institutional
Ethics Committee. The study subjects were selected according to exclusion and inclusion criteria. The sample size
was 124.

Inclusion Criteria: Patients clinically diagnosed with chronic kidney disease, Patients representing all stages of CKD
severity: mild, moderate, and severe, as determined by estimated glomerular filtration rate (¢GFR) and serum
creatinine, Patients with documented structural or functional abnormalities of the kidneys persisting for more than 3
months, Patients with eGFR<60 mL/min/1.73 m? for more than 3 months, Patients who provided written informed
consent after counselling, in English or Marathi, Patients whose clinical and laboratory profiles also included relevant
liver function assessments (AST, ALT, bilirubin) and other standard renal markers.
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Exclusion Criteria: Patients with a history of renal transplantation, Patients receiving immunosuppressive therapy,
Patients with a recent episode of acute kidney injury, Patients diagnosed with severe co-existing systemic conditions
such as malignancies or autoimmune disorders, Patients unwilling to provide consent or withdraw from participation
at any point during the study.

RESULT
Comparison of Clinical and Demographic Characteristics Between CKD and Control Groups
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Figure 1: Distribution of CKD Stages Among Study Participants
Among the study population n=29 controls and n= 98 were CKD patients were enrolled. Among which the Stage 5
CKD was the most common category, observed in 57 (58.2%) participants, followed by Stage 4 in 25 (25.5%)
participants. No control participants belonged to any CKD stage category.

Table 1: Demographic Characteristics of Study Participants

Variable Category | CKD N (%) | Control N (%) | P value
Mean + SD Mean + SD

Age Group | 1840 15 (15.3%) 9 (31.0%) 0.157
41-60 49 (50.0%) 11 (37.9%)
>60 34 (34.7%) 9 (31.0%)

Age 53.96+13.91 | 49.24 +16.51 0.12

Sex Female 39 (39.8%) 8 (27.6%) 0.232
Male 59 (60.2%) 21 (72.4%)

Among 127 study participants, 98 belonged to the CKD group and 29 to the control group. The mean age of
participants in the CKD group was 53.96 + 13.91 years, whereas the control group had a mean age of 49.24 + 16.51
years. Participants with CKD demonstrated a comparatively higher mean age than controls. However, no statistical
significance in mean age In the CKD group, 49 (50.0%) participants were aged 41-60 years, followed by 34 (34.7%)
aged above 60 years and 15 (15.3%) aged 18—40 years. In the control group, 11 (37.9%) participants were aged 41—
60 years, while 9 (31.0%) each belonged to the 18—40 years and >60years categories. Male participants predominated
in both groups, accounting for 59 (60.2%) in the CKD group and 21 (72.4%) in the control group. No statistically
significant association was observed between age group or sex distribution and study groups (p>0.05).

Description: Comorbidity assessment demonstrated a statistically significant difference between CKD and control
groups (p<0.001). Type 2 diabetes mellitus with hypertension was the most common comorbidity among CKD
patients, observed in 49 (50.0%) participants, compared to 4 (13.8%) in controls. Hypertension alone was identified
in 34 (34.7%) CKD patients and 3 (10.3%) controls. Only 4 (4.1%) participants in the CKD group had no comorbidities
compared to 20 (69.0%) in the control group.

Description: Addiction patterns did not differ significantly between the study groups (p=0.090). The majority of

participants reported no addiction, accounting for 65 (66.3%) CKD patients and 26 (89.7%) controls. Reduced appetite
was significantly more common among CKD patients, affecting 33 (33.7%) participants compared to only 2 (6.9%)
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controls (p=0.005). Similarly, reduced sleep was observed in 56 (57.1%) CKD patients, whereas only 2 (6.9%)
participants in the control group reported reduced sleep, demonstrating a statistically significant association (p<<0.001).

Pallor was present in 33 (33.7%) CKD patients and 5 (17.2%) controls, although the association was not statistically
significant (p=0.157). Oedema was significantly more common among CKD patients, affecting 29 (29.6%)
participants, whereas none of the control participants had oedema (p=0.001).

Table 2: Comparison of miRNA-21 Fold Change Between CKD and Control Groups

Variable Group | N | Mean = SD
miRNA-21 Fold Change | Control | 29 | 1.45+0.29
CKD 98 | 442+ 143

Description:

The mean miRNA-21 fold change was markedly elevated in the CKD group (4.42 £ 1.43) compared to the control
group (1.45 £+ 0.29). The observed increase in miRNA-21 expression among CKD patients suggests significant
upregulation of this biomarker in individuals with chronic kidney disease (p <0.001)

Table 3: Comparison of miRNA-29 Fold Change Between CKD and Control Groups

Variable Group | N | Mean=SD
miRNA-29 Fold Change | Control | 29 | 0.99 +0.13
CKD 98 | 0.25+0.11

The mean miRNA-29fold change was substantially lower in the CKD group (0.25 £ 0.11) compared to the control
group (0.99 +0.13). The reduction in miRNA-29 expression among CKD patients indicates significant downregulation
of this biomarker in chronic kidney disease.

Table 4: Comparison of Biochemical and Hematological Parameters Between CKD and Control Groups

Variable Control (Mean = SD) | CKD (Mean + SD) P Value
eGFR 104.90 + 20.05 16.86 = 13.56 0.001
Serum Creatinine | 0.79 £0.18 5.54 £2.68 0.001
Serum Urea 32.65+15.56 109.61 +41.84 0.001
Serum Albumin 3.79+0.74 360+1.12 0.38
Hb% 12.29+£2.76 10.10£2.55 0.001
WBC 6872.40 £+ 3409.62 6233.22 £3990.79 0.43
Platelet Count 260413.79 + 123643.07 | 237021.28 + 93356.75 | 0.27

Comparison of biochemical and hematological parameters demonstrated significant renal dysfunction among CKD
patients. The mean eGFR was markedly lower in the CKD group (16.86 + 13.56) compared to controls (104.90 +
20.05) (p=0.001). Serum creatinine and serum urea levels were significantly elevated among CKD patients, with mean
values of 5.54 +£2.68 and 109.61 +41.84, respectively, compared to 0.79 £ 0.18 and 32.65 + 15.56 in controls (p=0.001
for both). Hemoglobin levels were significantly reduced in CKD patients (10.10 + 2.55) compared to controls (12.29
+ 2.76) (p=0.001). Serum albumin, WBC count, and platelet count did not demonstrate statistically significant
differences between the study groups (p>0.05).

Table 5: Comparison of miRNA-21 Fold Change Across CKD Stages

Stage (CKD) | Mean | Standard Deviation | P Value
Control 1.45 0.29 0.001
Stage 2 2.38 0.98
Stage 3 2.61 0.63
Stage 4 3.47 0.92
Stage 5 5.33 0.95

miRNA-21fold change demonstrated a progressive increase across advancing CKD stages. The control group
exhibited a mean miRNA-21 expression of 1.45 + 0.29, while Stage 2 CKD patients showed a mean value of 2.38 +
0.98. Expression levels further increased in Stage 3 (2.61 + 0.63), Stage 4 (3.47 + 0.92), and Stage 5 CKD (5.33 +
0.95). Overall comparison between stages was statistically significant (p=0.001), indicating progressive upregulation
of miRNA-21 with worsening renal disease severity.
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Figure 2: Comparison of miRNA-21 Fold Change Across CKD Stages

Table 6: Pairwise Comparison of miRNA-21 Fold Change Across CKD Stages

(I Stage (CKD) | (J) Stage (CKD) | Mean Difference (I-J) | Std. Error | P value
Control 2.00 -0.93000 0.59428 1.000
Control 3.00 -1.16083* 0.27902 0.001
Control 4.00 -2.01815* 0.21739 <0.001
Control 5.00 -3.87596* 0.18541 <0.001
2.00 3.00 -0.23083 0.62085 1.000
2.00 4.00 -1.08815 0.59570 0.702
2.00 5.00 -2.94596* 0.58479 <0.001
3.00 4.00 -0.85731* 0.28202 0.029
3.00 5.00 -2.71513* 0.25818 <0.001
4.00 5.00 -1.85782* 0.18991 <0.001

Pairwise comparison analysis demonstrated significantly higher miRNA-21 expression in advanced CKD stages.
Compared to controls, Stage 3, Stage 4, and Stage 5 CKD showed significantly elevated miRNA-21fold change
(p<0.001). Stage 5 CKD demonstrated the highest increase in expression compared to controls, with a mean difference
of -3.87596. Significant differences were also observed between Stage 3 and Stage 4 (p=0.029), Stage 3 and Stage 5
(p<0.001), and Stage 4 and Stage 5 (p<0.001), indicating progressive elevation of miRNA-21 with CKD progression.

Table 7: Comparison of miRNA-29 Fold Change Across CKD Stages

Stage (CKD) Mean | Standard Deviation P Value
Control 0.99 0.13 0.001
Stage 2 0.63 0.01

Stage 3 0.45 0.07

Stage 4 0.27 0.05

Stage 5 0.18 0.03

miRNA-29fold change demonstrated a progressive decline across advancing CKD stages. The control group exhibited
a mean expression of 0.99 + 0.13, which decreased to 0.63 £ 0.01 in Stage 2 CKD. Expression levels further declined
in Stage 3 (0.45 £ 0.07), Stage 4 (0.27 £ 0.05), and Stage 5 CKD (0.18 + 0.03). Overall comparison between stages
was statistically significant (p=0.001), indicating marked downregulation of miRNA-29 with worsening CKD
severity.
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Figure 3: Comparison of miRNA-29 Fold Change Across CKD Stages

Table 8: Pairwise Comparison of miRNA-29 Fold Change Across CKD Stages

(I Stage (CKD) | (J) Stage (CKD) | Mean Difference (I-J) | Std. Error | P value
Control 2.00 0.35655%* 0.05302 <0.001
Control 3.00 0.53239* 0.02489 <0.001
Control 4.00 0.72137* 0.01939 <0.001
Control 5.00 0.80199* 0.01654 <0.001
2.00 3.00 0.17583* 0.05539 0.019
2.00 4.00 0.36481* 0.05315 <0.001
2.00 5.00 0.44544* 0.05217 <0.001
3.00 4.00 0.18898* 0.02516 <0.001
3.00 5.00 0.26961%* 0.02303 <0.001
4.00 5.00 0.08062* 0.01694 <0.001

Pairwise comparison analysis revealed significant reductions in miRNA-29 expression across advancing CKD stages.
Compared to controls, all CKD stages demonstrated significantly lower miRNA-29fold change (p<<0.001). Significant
differences were also identified between Stage 2 and Stage 3 (p=0.019), Stage 2 and Stage 4 (p<0.001), Stage 2 and
Stage 5 (p<0.001), Stage 3 and Stage 4 (p<0.001), Stage 3 and Stage 5 (p<0.001), and Stage 4 and Stage 5 (p<0.001),
indicating progressive downregulation of miRNA-29 with disease advancement.

Table 9: Correlation of miRNA-21 and miRNA-29 Fold Change with eGFR

eGFR | Serum Serum | Serum miRNA21_FoldChange
Creatinine | urea albumin
Serum Creatinine Pearson - -
Correlation 768"
Sig. (2-tailed) .000
Serum urea Pearson - 637" -
Correlation 666"
Sig. (2-tailed) .000 | .000
Serum albumin Pearson .095 -.066 -.062 -
Correlation
Sig. (2-tailed) 333 | 488 517
miRNA21_FoldChange | Pearson - .953™ 831" | -.059 -
Correlation .806™
Sig. (2-tailed) .000 | .000 000 | .530
miRNA29 FoldChange | Pearson 995" | -.784™ -702% | 120 -.821™
Correlation
Sig. (2-tailed) .000 .000 .000 204 .000
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Pearson’s correlation analysis demonstrated significant associations between renal function parameters and circulating
microRNA expression levels. Estimated glomerular filtration rate (eGFR) exhibited a strong and statistically
significant negative correlation with serum creatinine (r = -0.768, p < 0.001), indicating that declining renal filtration
capacity was associated with elevated creatinine levels. Similarly, eGFR showed a significant negative correlation
with serum urea (r =-0.666, p < 0.001), suggesting worsening renal function with increasing blood urea concentration.
Serum creatinine and serum urea demonstrated a strong positive correlation (r = 0.637, p <0.001), reflecting the close
physiological relationship between these conventional renal biomarkers in assessing kidney dysfunction. Serum
albumin, however, did not demonstrate any statistically significant correlation with eGFR, serum creatinine, or serum
urea (p > 0.05), indicating that albumin levels remained relatively independent of the measured renal functional
parameters in the present cohort.

miRNA-21fold change showed a very strong positive correlation with serum creatinine (r = 0.953, p < 0.001) and
serum urea (r=0.831, p <0.001), while demonstrating a strong negative correlation with eGFR (r=-0.806, p <0.001).
These findings indicate that increased miRNA-21 expression was significantly associated with worsening renal
impairment. No significant association was observed between miRNA-21fold change and serum albumin levels (r = -
0.059, p = 0.530). In contrast, miRNA-29fold change demonstrated an almost perfect positive correlation with eGFR
(r =10.995, p < 0.001), suggesting that higher miRNA-29 expression was strongly associated with preserved renal
function. Additionally, miRNA-29 showed significant negative correlations with serum creatinine (r = -0.784, p <
0.001), serum urea (r = -0.702, p < 0.001), and miRNA-21fold change (r = -0.821, p < 0.001). These findings imply
that miRNA-29 may exhibit a protective or inverse relationship with renal dysfunction, in contrast to the pathogenic
association observed with miRNA-21. No statistically significant correlation was identified between miRNA-29fold
change and serum albumin (r = 0.120, p = 0.204).

ROC Analysis
Table 10: Diagnostic Performance of Serum miRNA-21 and miRNA-29 for Differentiating CKD Patients
from Healthy Controls
Biomarker AUC (95% CI) | Cut-off Value | Sensitivity (%) | Specificity (%) | P value
miRNA-21 0.994 >2.22 95.9 100.0 <0.001
miRNA-29 1.000 <0.64 100.0 100.0 <0.001
Combined miRNA-21 + miRNA-29 | 0.997 > 0.604* 98.0 100.0 <0.001

*Predicted probability derived from binary logistic regression model incorporating both miRNA-21 and miRNA-29.

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic performance of
serum mMiRNA-21 and miRNA-29 in distinguishing CKD patients from healthy controls. Serum miRNA-21
demonstrated excellent diagnostic accuracy with an area under the curve (AUC) of 0.994. A cutoff value of >2.22
yielded a sensitivity of 95.9% and specificity of 100.0%. Serum miRNA-29 demonstrated outstanding discriminatory
ability with an AUC of 1.000, achieving both 100.0% sensitivity and 100.0% specificity at a cutoff value of <0.64.
Furthermore, a combined logistic regression model incorporating both miRNA-21 and miRNA-29 demonstrated an
AUC of 0.997 with sensitivity of 98.0% and specificity of 100.0%, indicating excellent overall diagnostic performance
for identifying CKD patients (p<<0.001).

DISCUSSION

The aim of the present study was to evaluate serum microRNA, particularly miRNA-21 and miRNA-29, as potential
non-invasive biomarkers for assessing disease severity in patients with chronic kidney disease and to compare their
expression with clinical, demographic, biochemical, hematological, and renal function parameters between CKD
patients and healthy controls. Chronic kidney disease is a progressive disorder associated with gradual decline in renal
function, increased comorbidity burden, anemia, fluid retention, reduced quality of life, and risk of progression to end-
stage renal disease. Conventional markers such as eGFR, serum creatinine, and serum urea are routinely used for
diagnosis and monitoring; however, these markers mainly reflect established functional impairment and may not fully
represent underlying molecular injury, fibrosis, inflammation, or disease progression. Therefore, identification of
reliable serum biomarkers that can reflect CKD severity may improve early assessment and risk stratification. In the
present study, miRNA-21 was evaluated as a potential positive severity marker, as its expression increased from 1.45
+ 0.29 in controls to 4.42 + 1.43 in CKD patients and progressively increased up to 5.33 = 0.95 in Stage 5 CKD.
Similarly, miRNA-29 was assessed as a potential inverse severity marker, as its expression decreased from 0.99 £0.13
in controls to 0.25 £ 0.11 in CKD patients and further declined to 0.18 + 0.03 in Stage 5 CKD. The significance of
this study lies in its integrated evaluation of serum microRNAs with CKD stage, eGFR, serum creatinine, serum urea,
and clinical characteristics. The strong association of miRNA-21 and miRNA-29 with renal function parameters
suggests that these biomarkers may provide additional molecular insight beyond routine biochemical tests. Hence, this

Genetics and Molecular Research 25 (6s): 2026 7



study may contribute to the development of non-invasive, severity-based biomarker approaches for better monitoring,
prognostication, and future personalized management of patients with chronic kidney disease.

Distribution of Study Groups and CKD Stages

The present study included 127 participants, of whom 98 (77.2%) were CKD patients and 29 (22.8%) were controls.
Among CKD patients, advanced disease predominated, with Stage 5 CKD being the most common category, observed
in 57 (58.2%) patients, followed by Stage 4 in 25 (25.5%) patients, Stage 3b in 7 (7.1%), Stage 3a in 5 (5.1%), Stage
2 in 2 (2.0%), and Stage 4b in 2 (2.0%). This distribution indicates that most CKD participants had moderate-to-severe
or end-stage renal dysfunction, making the cohort suitable for assessing biomarkers related to disease severity. The
predominance of Stage 5 CKD is important because advanced renal disease is commonly associated with greater
biochemical abnormality, symptom burden, fibrosis, and molecular dysregulation. Beltrami et al. emphasized that
CKD requires better non-invasive biomarkers because kidney biopsy is invasive and carries a 3% risk of major
complications, while urine protein quantification may lack sufficient predictive power [12]. Similarly, Liu et al.
compared controls, CKD Stage 1, and CKD Stage 5 patients and found more pronounced miRNA dysregulation in
advanced CKD, with 42 differentially expressed miRNAs in CKDS5 compared with controls and 70 differentially
expressed miRNAs between CKD1 and CKDS5 [13]. Thus, the present predominance of Stage 5 CKD supports
evaluation of miRNA-21 and miRNA-29 as severity-related biomarkers.

eGFR

Estimated glomerular filtration rate was markedly reduced in CKD patients compared with controls. The mean eGFR
among controls was 104.90 + 20.05, whereas CKD patients had a mean eGFR of 16.86 + 13.56, and this difference
was statistically significant (p=0.001). This confirms severe impairment of renal filtration among CKD patients and
is consistent with the stage distribution, where Stage 5 CKD accounted for 57 (58.2%) cases and Stage 4 for 25
(25.5%) cases. eGFR is the central marker used for CKD staging, and its marked reduction in the present study
validates the clinical classification of the CKD group. Brigant et al. reported significant associations between
circulating miRNAs and eGFR, with miR-126 showing a Pearson correlation coefficient of -0.52 (p=0.002), indicating
that decreased kidney function was linked with altered miRNA expression [69]. Fujii et a/. also showed that individuals
in the lowest serum miR-126 tertile had the greatest eGFR decline, with a mean reduction of -3.18 mL/min/1.73 m?
and a 3.85-fold increased risk of developing CKD over five years [14]. In the present study, eGFR showed a strong
negative correlation with miRNA-21 (r=-0.806, p<0.001) and an almost perfect positive correlation with miRNA-29
(r=0.995, p<0.001), indicating that both miRNAs were strongly associated with renal filtration status and CKD
severity.

Serum Creatinine

Serum creatinine was significantly elevated among CKD patients compared with controls, confirming impaired renal
excretory function. The mean serum creatinine level was 5.54 + 2.68 in CKD patients, while controls had a mean
value of 0.79 £+ 0.18, with a statistically significant difference (p=0.001). Serum creatinine also showed a strong
negative correlation with eGFR (r=-0.768, p<0.001), indicating that increasing creatinine was associated with
declining renal filtration. In addition, serum creatinine demonstrated a very strong positive correlation with miRNA-
21fold change (r=0.953, p<0.001) and a significant negative correlation with miRNA-29fold change (r=-0.784,
p<0.001). These findings indicate that miRNA-21 increased and miRNA-29 decreased as creatinine rose, supporting
their role as severity-related biomarkers. Beltrami et al. emphasized that conventional markers such as serum
creatinine and albuminuria may not fully capture disease progression and that non-invasive RNA-based diagnostics
could supplement current CKD markers [12]. Aitbaev et al. further noted that creatinine clearance may become
abnormal only after 40—50% nephron loss, whereas miRNA changes may appear earlier [74]. In the present study,
creatinine was already markedly elevated, reflecting established CKD, but its strong association with miRNA-21 and
miRNA-29 suggests that these biomarkers may provide additional molecular information beyond conventional renal
function testing.

Serum Urea

Serum urea was markedly elevated in CKD patients compared with controls. The mean serum urea level was 109.61
+ 41.84 in CKD patients and 32.65 + 15.56 in controls, with a statistically significant difference (p=0.001). Serum
urea showed a significant negative correlation with eGFR (r=-0.666, p<0.001) and a strong positive correlation with
serum creatinine (r=0.637, p<0.001), confirming its relationship with declining renal excretory capacity. Importantly,
serum urea also showed strong positive correlation with miRNA-21fold change (r=0.831, p<0.001) and significant
negative correlation with miRNA-29fold change (r=-0.702, p<0.001). These findings suggest that increasing uremic
burden was associated with upregulation of miRNA-21 and downregulation of miRNA-29. Trionfini et al. reviewed
the biological role of miRNAs in CKD and reported that miR-21 and miR-192 were pro-fibrotic miRNAs consistently
upregulated in CKD patients, whereas miR-29 and miR-200 families were downregulated [17]. Zhao et al. similarly
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described miR-21 as 3—4 times higher in CKD tissues compared with healthy controls, while miR-29 was typically
downregulated and associated with enhanced extracellular matrix deposition [18]. The present findings are consistent
with this pattern, as higher serum urea was associated with higher miRNA-21 and lower miRNA-29 expression,
indicating worsening renal impairment and molecular dysregulation.

miRNA-21 Fold Change Between CKD and Controls

Serum miRNA-21fold change was markedly elevated in CKD patients compared with controls. The mean miRNA -
21fold change was 4.42 + 1.43 in CKD patients, whereas controls showed a mean value of 1.45 + 0.29, with statistical
significance (p<0.001). This indicates strong upregulation of miRNA-21 among CKD patients and supports its
potential role as a non-invasive biomarker of CKD. Trionfini et al. described miR-21 and miR-192 as pro-fibrotic
miRNAs consistently upregulated in CKD, while miR-29 and miR-200 families were downregulated [68]. Wonnacott
et al. reported that urinary miR-21 abundance increased by more than 2.5-fold in patients with biopsy-proven
interstitial fibrosis compared with controls (p<<0.01) [19]. Zhao et al. similarly reported that miR-21 expression was
3—4 times higher in CKD tissues compared with healthy controls [73]. Aitbaev ef al. also noted that serum miR-21
may be elevated up to 4-fold in CKD patients and linked to fibrotic signaling pathways [74]. In comparison, the present
study found miRNA-21 expression approximately three times higher in CKD patients than controls, increasing from
1.45+0.29 to 4.42 + 1.43. This consistency with earlier evidence supports miRNA-21 as a biomarker reflecting renal
injury, fibrosis, and CKD severity.

miRNA-29 Fold Change Between CKD and Controls

Serum miRNA-29fold change was substantially lower among CKD patients compared with controls. The mean
miRNA-29fold change was 0.25 + 0.11 in CKD patients, whereas controls showed a mean value of 0.99 + 0.13. This
marked reduction indicates significant downregulation of miRNA-29 in chronic kidney disecase. miRNA-29 is
commonly regarded as an anti-fibrotic miRNA family involved in regulation of extracellular matrix deposition, and
its reduction may indicate progressive renal fibrosis and loss of protective molecular regulation. Trionfini et al.
reported that miR-29 and miR-200 families have anti-fibrotic effects and are downregulated in CKD disease states,
with reduced miR-29a correlating with increased interstitial fibrosis (p<0.05) [17]. Wonnacott ef al. also stated that
reduction in urinary miR-29¢ was associated with worse eGFR and higher albuminuria, suggesting loss of anti-fibrotic
signaling [19]. Zhao et al. reported that miR-29 is typically downregulated in CKD and contributes to enhanced
extracellular matrix deposition [18]. Prkacin ef al. similarly highlighted that miR-29 and miR-200 families are
downregulated in CKD, contributing to extracellular matrix deposition and renal fibrosis [20]. The present findings
strongly align with these observations, as miRNA-29 decreased from 0.99 + 0.13 in controls to 0.25 £+ 0.11 in CKD
patients, supporting its role as an inverse biomarker of CKD severity.

Stage-Wise miRNA-21 Expression

Stage-wise analysis demonstrated progressive elevation of miRNA-21fold change with advancing CKD severity.
Mean miRNA-21 was 1.45 + 0.29 in controls, 2.38 + 0.98 in Stage 2, 2.61 + 0.63 in Stage 3, 3.47 £ 0.92 in Stage 4,
and 5.33 £ 0.95 in Stage 5 CKD. The overall difference across stages was statistically significant (p=0.001). Pairwise
analysis showed significantly higher miRNA-21 expression in Stage 3, Stage 4, and Stage 5 compared with controls,
with p<0.001. Significant differences were also observed between Stage 3 and Stage 4 (p=0.029), Stage 3 and Stage
5 (p<0.001), and Stage 4 and Stage 5 (p<0.001). Liu et al. found that miRNA dysregulation increased with CKD
severity, reporting 20 differentially expressed miRNAs in CKD1 and 42 in CKD5 compared with controls, along with
70 differentially expressed miRNAs between CKD1 and CKDS5 [13]. Although Liu et al. identified miR-483-5p and
miR-363-3p rather than miRNA-21, their findings support stage-dependent miRNA dysregulation. Aitbaev et al.
reported that miR-21 may rise up to 4-fold in CKD serum samples [16], and Zhao et al. described miR-21 expression
as 3—4 times higher in CKD tissues [18]. The present increase from 1.45 £ 0.29 in controls to 5.33 £ 0.95 in Stage 5
supports miRNA-21 as a severity-associated marker.

Stage-Wise miRNA-29 Expression

Stage-wise comparison showed progressive decline of miRNA-29fold change with advancing CKD severity. Mean
miRNA-29 expression was 0.99 + 0.13 in controls, 0.63 + 0.01 in Stage 2, 0.45 + 0.07 in Stage 3, 0.27 £ 0.05 in Stage
4, and 0.18 + 0.03 in Stage 5 CKD. The overall comparison was statistically significant (p=0.001). Pairwise
comparison revealed that all CKD stages had significantly lower miRNA-29 expression than controls (p<0.001).
Significant differences were also observed between Stage 2 and Stage 3 (p=0.019), Stage 2 and Stage 4 (p<0.001),
Stage 2 and Stage 5 (p<0.001), Stage 3 and Stage 4 (p<0.001), Stage 3 and Stage 5 (p<0.001), and Stage 4 and Stage
5 (p<0.001). This consistent decline suggests that miRNA-29 may be highly sensitive to CKD severity. Trionfini et
al. reported that miR-29 has anti-fibrotic effects and is downregulated in CKD disease states [17]. Wonnacott et al.
found that reduced urinary miR-29¢ was associated with worseeGFR and higher albuminuria [19]. Zhao et al. also
stated that miR-29 downregulation contributes to extracellular matrix deposition in CKD [18]. The present decline
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from 0.99 £+ 0.13 in controls to 0.18 £ 0.03 in Stage 5 CKD closely supports these previous observations and suggests
that miRNA-29 may serve as an inverse severity marker in CKD.

Correlation of miRNA-21 with Renal Parameters

miRNA-21fold change showed strong associations with renal function parameters in the present study. It demonstrated
a strong negative correlation with eGFR (r=-0.806, p<0.001), indicating that miRNA-21 increased as renal filtration
declined. It also showed a very strong positive correlation with serum creatinine (r=0.953, p<0.001) and a strong
positive correlation with serum urea (r=0.831, p<0.001), suggesting that higher miRNA-21 expression was associated
with worsening biochemical renal dysfunction. No significant association was observed between miRNA-21 and
serum albumin (r=-0.059, p=0.530). Brigant et al. reported significant associations between circulating miRNAs and
eGFR, with miR-126 showing a Pearson correlation coefficient of -0.52 (p=0.002), supporting the concept that
circulating miRNAs are linked to kidney function [15]. Trionfini et al. also reported that elevated miR-21 and reduced
miR-29a correlated with increased interstitial fibrosis (p<<0.05) [68]. Zhao et al. described miR-21 as positively
correlated with tubulointerstitial fibrosis and 3—4 times higher in CKD tissues compared with controls [18]. In the
present study, miRNA-21 was elevated in CKD patients at 4.42 £+ 1.43 compared with 1.45 + 0.29 in controls and
showed strong correlations with eGFR, creatinine, and urea. These findings support miRNA-21 as a marker of renal
injury and CKD severity.

Correlation of miRNA-29 with Renal Parameters

miRNA-29fold change showed a strong and opposite correlation pattern compared with miRNA-21. It demonstrated
an almost perfect positive correlation with eGFR (r=0.995, p<0.001), indicating that higher miRNA-29 expression
was associated with preserved renal function. It also showed significant negative correlations with serum creatinine
(r=-0.784, p<0.001) and serum urea (r=-0.702, p<0.001), meaning that miRNA-29 expression declined as
conventional markers of renal dysfunction increased. In addition, miRNA-29 showed a significant negative correlation
with miRNA-21 (r=-0.821, p<0.001), supporting an inverse relationship between these two biomarkers. No significant
correlation was found with serum albumin (r=0.120, p=0.204). Wonnacott et al. reported that reduced urinary miR-
29c was associated with worseeGFR and higher albuminuria [19], which closely supports the present strong positive
association between miRNA-29 and eGFR. Trionfini ef al. reported that miR-29 downregulation was associated with
increased interstitial fibrosis (p<0.05) [17]. Prkacin et al. also highlighted that reduced miR-29 contributes to
extracellular matrix deposition and renal fibrosis [20]. In the present study, miRNA-29 decreased from 0.99 = 0.13 in
controls to 0.18 + 0.03 in Stage 5 CKD and strongly correlated with renal function. These findings support miRNA-
29 as a protective or inverse biomarker of CKD severity.

The present ROC analysis demonstrated excellent diagnostic performance of both miRNA-21 and miRNA-29 for
differentiating CKD patients from healthy controls. The exceptionally high AUC values suggest strong discriminatory
capacity; however, these findings should be interpreted cautiously and validated in larger multicentric cohorts with
independent external validation datasets.

CONCLUSION

This study concludes that serum miRNA-21 and miRNA-29 are strongly associated with CKD severity. miRNA-21
appears to behave as a positive severity marker, increasing with declining eGFR and rising creatinine and urea,
whereas miRNA-29 appears to behave as an inverse severity marker, decreasing with worsening renal function. These
findings support the potential role of serum miRNA-21 and miRNA-29 as non-invasive biomarkers for assessing
severity in patients with chronic kidney disease, especially when interpreted alongside conventional renal function
parameters.
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