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Background. Chronic kidney disease (CKD) is a progressive disorder that affects 10–13% of the 
worldwide population. The conventional biomarkers, like serum creatinine and estimated glomerular filtra-
tion rate (eGFR), have poor sensitivity in detecting early stage CKD, especially as it relates to Type 2 Dia-
betes Mellitus (T2DM). Recent studies suggest that circulating microRNAs (miRNAs) are sensitive molecular 
markers of renal pathology. Objectives. This study quantified the serum levels of miR-21, miR-155 and miR-192 
in early-stage CKD patients with or without co-existing T2DM and determined the diagnostic performance 
of these microRNAs compared to cystatin C and eGFR. Methods. A case-control study was conducted with 
a total of 100 participants classified into three groups; healthy controls (n = 30), CKD patients with T2DM 
(n = 35) and CKD patients without T2DM (n = 35). The expression of serum miRNA was measured with real-
time quantitative PCR using the 2⁻ΔΔCt method, U6 snRNA as internal reference. Cystatin C was determined 
by particle-enhanced immunonephelometry; eGFR was calculated using the CKD-EPI equation. Statisti-
cal analyses were performed using Kruskal-Wallis test, Spearman partial correlations, receiver operating 
characteristic (ROC) analysis, and multivariate logistic regression. Results. Significant upregulation of all 
three miRNAs in both CKD groups (P < 0.001) with a differing magnitude of fold-change compared with con-
trols and the highest amplification for miR-192 was detected.  ROC analysis identified miR-192 to be the best 
performing single biomarker (AUC = 0.937; 95% CI: 0.880–0.978). Spearman partial correlation networks 
showed strong positive relations of miRNAs with cystatin C (ρ = 0.74–0.80) and stronger negative associa-
tions with eGFR (ρ = −0.69 to −0.78). Conclusions. Circulating miR-21, miR-155 and miR-192 are promising 
minimally invasive biomarkers better than conventional markers for early CKD detection. Cystatin C was 
co-measured with it, yielding a highly accurate diagnostic panel especially in the diabetic nephropathy sub-
phenotype. Clinical applicability requires validation in large multicentre cohorts.
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C hronic kidney disease (CKD) is one of 
the leading global health challenges of 
the twenty-first century. Globally, the es-

timated number of CKD in people is 697.5 mil-
lion and a prevalence of 9.1%, by pooled analyses 
of population-based studies [1]. Despite this major 
epidemiological burden, CKD is still commonly 
under-diagnosed in its earlier, potentially reversible 
stages primarily since the so-called gold standard 
diagnostic triumvirate serum creatinine combined 
with urinary albumin-to-creatinine ratio (UACR) 
and estimated glomerular filtration rate (eGFR) has 
well-known limitations of sensitivity and specificity 

specifically when confounded by comorbidities like 
type 2 diabetes mellitus (T2DM) [2].

Diabetes mellitus is the leading cause of CKD 
in both developed and developing countries, and ac-
counts for around 30–40% of new end-stage renal 
disease (ESRD) cases [3]. Pathophysiology of DN 
includes haemodynamic, metabolic and inflamma-
tory mechanisms that work together to induce po-
docyte loss, mesangial expansion and progressive 
tubulointerstitial fibrosis. Importantly, substantial 
structural injury may accumulate before serum crea
tinine rises above reference interval as creatinine 
production is exquisitely sensitive to muscle mass 
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and dietary protein intake [4]. Cystatin C a cysteine 
protease inhibitor that is produced at a constant rate 
by all nucleated cells and freely filtered across the 
glomerulus has thus emerged as a more reliable sur-
rogate of GFR, particularly in those with lower mus-
cle mass or early-stage CKD [5]. However, neither 
cystatin C nor eGFR provides information linking 
phenotypes of renal injury with action mechanism(s) 
at the molecular level [6].

MicroRNAs (miRNAs) are small (~22 nu-
cleotide), endogenously expressed, single-stranded 
non-coding RNA molecules that post-transcrip-
tionally regulate gene expression by binding to the 
3′-untranslated region (3′-UTR) of target messenger 
RNAs (mRNAs), thereby mediating their transla-
tional repression or degradation [7]. MiRNAs cir-
culating as exosomes, Argonaute complexes or as-
sociated with high-density lipoproteins are notably 
stable in blood and urine, making them promising 
candidates for liquid biopsy-based diagnostics [8].

In particular, miR-21, miR-155 and miR-192 
have attracted significant investigational attention 
among the renal-expressed miRNAs. For example, 
miR-21 is a kidney-enriched and the most highly 
expressed miRNA which targets phosphatase and 
tensin homolog (PTEN) and programmed cell death 
protein 4 (PDCD4) to promote fibrogenic TGF-β/
Smad signalling while suppressing apoptosis of tu-
bular cells during hypoxic stress [9]. miR-155 is the 
other key microRNA that regulates the NF-κB in-
flammatory cascade and it has been associated with 
macrophage-induced renal inflammation in cases of 
both immune-mediated and metabolic nephropathy 
[10]. Internalization of excess levels of miR-192, a 
TGF-β-responsive miRNA that is abundantly ex-
pressed in the renal cortex [11], represents one such 
key alteration consistently upregulated in DN and 
directly repressing transcription factors ZEB1/ZEB2 
to drive epithelial-to-mesenchymal transition (EMT) 
and collagen deposition [12].

Although a growing body of literature exists 
regarding the association of such miRNAs in vitro 
and in animal models, clinical evidence for an as-
sociation with early CKD - particularly CKD stages 
G1–G3 as defined by the Kidney Disease: Improving 
Global Outcomes (KDIGO) 2022 guidelines - is 
limited and methodologically heterogeneous [13]. 
Published study often overlook the diabetic vs. 
non-diabetic nephropathy distinction, use various 
normalisation approaches and have relatively small 
sample numbers, making comparison across studies 

difficult [14]. Moreover, to the best of our knowledge, 
previous studies did not assess at once partial-corre-
lation network structure within these three miRNAs 
and classical renal functional markers in a stratified 
diabetic/non-diabetic CKD population [15].

Accordingly, the current study was aimed to 
formulated and involve of the quantifying serum 
miR-21, miR-155, and miR-192 in well-characterised 
early CKD patients stratified by comorbidity with 
T2DM, compare diagnostic performance of each 
against cystatin C and eGFR-CKD-EPI, create a 
partial-correlation biomarker network to delineate 
molecular–biochemical interdependencies, and as-
sess composite panel diagnostic accuracy through 
multivariate logistic regression followed by ROC 
analysis.

Materials and Methods

Study design and ethical approval. This was 
a prospective case-control study carried out from 
January 2024 to December 2025 at the Nephrology 
Unit in Merjan Teaching Hospital and Department 
of biology,  College of science, Al-Qasim Green 
university. The study protocol was reviewed and 
approved by Al-Qasim Green, Institutional Review 
Board (IRB-2025-Med-0047). All participants pro-
vided written informed consent in accordance with 
the Declaration of Helsinki (2013 revision). Patient 
data were de-identified and stored on a secured in-
stitutional server.

Groups and participants selection. A total of 
100 participants were enrolled and randomly as-
signed to three groups. Group I – healthy controls 
(n = 30) age and sex matched healthy volunteers with 
no history of renal disease, diabetes, hypertension 
or any systemic illness. Inclusion: eGFR ≥ 90 ml/
min/1.73 m2, UACR 40 kg/m2; severe anaemia (hae-
moglobin < 8 g/dl); and blood transfusion or major 
surgery within 30 days. Group II – patients with 
chronic kidney disease and type 2 diabetes mellitus 
(CKD+T2DM) (n = 35). The diagnosis of hypero
tensive patients, denoted by higher diastolic blood 
pressure levels was established from the Nephrology 
Unit. CKD was defined as per KDIGO 2022 guide-
lines based on the presence of evidence of kidney 
damage and/or decreased renal function lasting >3 
months. An electronic search for relevant trial ar-
ticles was conducted across multiple observational 
studies from 2011 to October 2023; inclusion criteria 
consisted of age ≥18 years, established diagnosis of 
T2DM at least one year prior and CKD stages G1–
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G3 (eGFR ≥30 ml/min/1.73 m2) with stable clinical 
condition during the previous three months. Gradua
tion conditions included intense renal harm, type 1 
diabetes more established than the age (age) of study 
with serious determination illness, discharge treat-
ment cases in less one calendar month into recruiting 
days per individual frame on ground ward/ICU. 
Group III – CKD patients without T2DM (CKD-
only) (n = 35). This group included patients with 
chronic kidney disease but no history or laboratory 
evidence of diabetes mellitus. The diagnostic crite-
ria and CKD stage classification of participants were 
met by those in Group II (KDIGO 2022, stages G1–
G3). Eligibility base age: ≥ 18 years and stable renal 
disease for at least three months. Exclusion Crite-
riaIndividuals with diabetes mellitus, acute kidney 
injury, active inflammatory or infectious diseases, 
malignancy and pregnancy or recent major surgery 
were excluded. The CKD-only group was chosen be-
cause it allowed for the assessment of renal dysfunc-
tion independently from metabolic derangements 
related to diabetes.

Clinical and anthropometric assessment. At 
enrolment, a structured medical history was ob-
tained. Systolic and diastolic blood pressure were 
measured in triplicate with a portable aneroid sphyg-
momanometer after five minutes of seated rest. BMI 
was defined as weight (kg)/height (m)2. The disease 
duration (CKD and T2DM) was extracted from 
medical records and confirmed with the subject.

Fasting venous samples (10 ml) were obtained 
between 07:00 and 09:00 h to minimise the effects of 
diurnal variation. Blood for serum biochemistry was 
collected into serum-separating tube (SST) and al-
lowed to clot at room temperature for 30 min before 
centrifugation (3,000 × g for 10 min at 4°C), while 
RNA extraction was carried out from the remaining 
blood by collecting 4 mL into a PAXgene Blood 
RNA tube (PreAnalytiX, Qiagen) and storing it at 
−80°C within 4 hours of collection.

Biochemical analyses. Serum creatinine was 
determined using the kinetic Jaffe method (Roche 
Cobas c501 analyser; inter-assay CV < 2.5%). El-
derly patients were defined as those aged over 65 
years, and eGFR was calculated using the CKD-EPI 
Creatinine-Cystatin C 2021 equation [11]. Serum 
cystatin C was measured using particle-enhanced 
immunonephelometry (N Latex Cystatin C, Siemens 
Healthineers; analytical range 0.195–7.330 mg/l; in-
ter-assay CV <3.1%) Haemoglobin was measured by 
high-performance liquid chromatography (Bio-Rad 

Variant II Turbo) and glycated haemoglobin (HbA1c) 
calculated. Fasting glucose, blood urea nitrogen 
(BUN), uric acid, total cholesterol, triglycerides and 
high-density lipoprotein cholesterol (HDL-C) were 
performed using a Beckman Coulter AU680 ana-
lyser (Beckman Coulter Inc., Brea, CA, USA) with 
manufacturer-validated reagents. Urine albumin was 
quantified using immunoturbidimetry; UACR was 
calculated from the first-morning urine sample.

MicroRNA extraction and quantification. 
Twenty-five milliliters of serum was used for extrac-
tion of total RNA including small RNA using the 
miRNeasy Serum/Plasma Advanced Kit (Qiagen, 
Germany) according to manufacturer's instructions. 
For normalisation of extraction efficiency, a cel-miR-
39-3p spike-in (Qiagen) was added at the lysis step. 
RNA concentration and purity (A260/A280 and 
A260/A230) were determined using a NanoDrop 
OneC spectrophotometer (ThermoFisher Scientific). 
Samples with an A260/A280 ≥ 1.8 were processed 
for further analysis.

Reverse transcription was performed using 
the TaqMan™ Advanced miRNA cDNA Synthesis 
Kit (Applied Biosystems) – 5 µl of total RNA was 
added to each reaction. RT-qPCR was performed 
using TaqMan™ Advanced miRNA Assays for hsa-
miR-21-5p (Assay ID: 477975_mir), hsa-miR-155-5p 
(Assay ID: 477910_mir), and hsa-miR-192-5p (Assay 
ID: 477893_mir) in a QuantStudio 7 Flex Real-Time 
PCR System (Applied Biosystems); for targeting U6 
snRNA, the endogenous control RNU6B was used. 
All reactions were carried out in technical tripli-
cates. Relative quantification was performed using 
the 2⁻ΔΔCt (delta-delta Ct) method [16], with U6 sn-
RNA as the internal reference and the mean Ct of 
healthy controls as a reference calibrator.

Statistical analyses. The Shapiro-Wilk test was 
used to evaluate data normality. Continuous varia-
bles with normal distribution are expressed as mean 
± standard deviation (SD); those that do not meet 
normality, as median [interquartile range (IQR)]. 
For between-group comparisons, one-way ANOVA 
(normal data) or Kruskal-Wallis test with Dunn-
Bonferroni correction (non-normal data). Pearson’s 
chi-square test was used to compare categorical 
variables. Pairwise correlations were calculated with 
Spearman rank partial correlation, while controlling 
for age, sex and BMI; the resulting matrix was visu-
alised as a weighted, undirected network graph using 
a custom Python NetworkX (v3. 2) script and drawn 
with edges for significant correlation (P < 0.05 after 
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Benjamini-Hochberg FDR). ROC analysis was used 
to assess the diagnostic performance of individual 
and composite biomarker panels; optimal cut-off 
values were defined by Youden J index. To identify 
independent predictors of early CKD, multivariate 
binary logistic regression was employed. Sample 
sizes were calculated based on target power 80% for 
a minimum fold-change of ≥2.5 (α = 0.05) yielding 
a minimum of 28 participants per group (G*Power 
3.1). Analyses were conducted in SPSS v28 0 and 
Python 3.11 (SciPy 1.11, pandas 2.1). A two-tailed 
P < 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics. 
Details of the baseline characteristics for all three 
study cohorts are described in Table 1. There were 
no significant differences in age, sex distribution, 
or BMI between the three groups (P > 0.05 for all), 
thus adequate matching was confirmed. As antici-
pated, patients with CKD+T2DM had significantly 
elevated HbA1c (8.4 ± 1.1%) and fasting glucose 
(9.2 ± 2.3 mmol/l) relative to the control and CKD-
only groups (P < 0.001). In the CKD+T2DM group, 
disease duration was 8.4 ± 3.2 years for T2DM and 
4.1 ± 1.8 years for CKD. The prevalence of hyper-
tension was the highest in CKD-only group, (71.4%) 
and decrease to second-lowest rate of proportion in 
CKD+DM (60.0%), are both significantly higher 
than that for control (0%). Systolic blood pressure 
was significantly higher for both CKD groups com-
pared with the controls (P < 0.001).

T a b l e  1. Baseline demographic and clinical characteristics of study groups

Parameter Controls (n = 30) CKD + T2DM (n = 35) CKD-only (n = 35)
Age (years) 41.3 ± 9.8 48.7 ± 11.2 46.1 ± 10.5
Sex (M/F) 17/13 20/15 19/16
BMI (kg/m2) 25.2 ± 3.1 28.9 ± 4.2 27.1 ± 3.8
SBP (mmHg) 118 ± 9 146 ± 14*** 142 ± 13***
HbA1c (%) 5.2 ± 0.3 8.4 ± 1.1*** 5.4 ± 0.4
Serum creatinine (mg/dl) 0.85 ± 0.15 3.80 ± 1.10*** 2.90 ± 0.90***
Cystatin C (mg/l) 0.82 ± 0.12 2.95 ± 0.75*** 2.20 ± 0.65***
eGFR (mlmin/1.73 m2) 96.4 ± 9.8 27.8 ± 7.9*** 42.3 ± 11.0***
BUN (mg/dl) 14.2 ± 3.1 42.8 ± 12.5*** 31.4 ± 9.8***
UACR (mg/g) 18.4 ± 5.2 285.6 ± 98.4*** 194.3 ± 74.1***

Note. Data are mean ± SD unless stated. ***P < 0.001 vs. controls (Tukey post-hoc). BMI – body mass index; SBP – 
systolic blood pressure; UACR – urinary albumin-to-creatinine ratio

MicroRNA expression levels. Serum miR-21, 
miR-155, and miR-192 were significantly upregulated 
in both CKD groups relative to healthy controls (all 
P < 0.001; Kruskal-Wallis with Dunn-Bonferroni 
correction). The CKD+T2DM group exhibited the 
highest expression for all three miRNAs, followed 
by the CKD-only group (Fig. 1). Detailed descriptive 
statistics are presented in Table 2.

Diagnostic performance of individual and com-
posite biomarkers. ROC analysis was conducted 
to determine the optimal diagnostic cut-off for 
each biomarker in distinguishing early CKD from 
healthy controls. Among individual miRNAs, miR-
192 demonstrated the highest diagnostic accuracy 
(AUC = 0.937), followed by miR-21 (AUC = 0.914) 
and miR-155 (AUC = 0.905). These values exceeded 
those of the conventional markers cystatin  C 
(AUC = 0.889) and eGFR (AUC = 0.871) (Fig. 2; 
Table 3). A stepwise multivariate logistic regres-
sion identified miR-192, cystatin C, and eGFR as 
independent predictors of early CKD (all P < 0.01). 
A composite three-biomarker panel achieved 
AUC = 0.971 (95% CI: 0.932–0.993), sensitivity = 
91.4%, and specificity = 93.3%. AUC values with 
95% confidence intervals are provided in Table 3.

Spearman partial correlation network among 
biomarkers. To describe the interdependence struc-
ture between circulating miRNAs and classical re-
nal biomarkers, Spearman partial correlations were 
calculated for each pairwise combination of all eight 
analytes after adjustment for age, sex and BMI. Cor-
relations were visualised als a weighted undirected 
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Note. †P < 0.001 vs. controls; ‡P < 0.01 vs. CKD-only (Dunn-Bonferroni). Values are mean ± SD relative expression (fold 
change) by 2–ΔΔct method

Fig. 1. Distribution of serum biochemical and miRNA biomarkers across the three study groups depicted as 
box-and-whisker plots. Panels A–C: conventional renal function markers (creatinine, cystatin C, eGFR). 
Panels D–F: miRNA relative expression values. ***P < 0.001 vs. controls. Relative expression (fold change ± 
SEM) of miR-21, miR-155, and miR-192 in control, CKD+T2DM, and CKD-only groups. U6 snRNA was used 
as internal reference. **P < 0.01, ***P < 0.001 vs. controls

E

BA

D

C

F

T a b l e  2. Relative expression levels of miR-21, miR-155, and miR-192 across study groups

miRNA Controls CKD+T2DM CKD-only P-value
miR-21 1.00 ± 0.25 4.85 ± 1.10†‡ 3.40 ± 0.90† < 0.001
miR-155 1.00 ± 0.20 5.20 ± 1.25†‡ 3.70 ± 0.95† < 0.001
miR-192 1.00 ± 0.22 6.10 ± 1.50†‡ 4.20 ± 1.10† < 0.001

Biomarker AUC 95% CI Cut-off Sensitivity, 
%

Specificity, 
% Youden J

miR-192 0.937 0.880–0.978 ≥2.8 FC 88.6 90.0 0.786
miR-21 0.914 0.852–0.958 ≥2.2 FC 85.7 86.7 0.724
miR-155 0.905 0.840–0.951 ≥2.4 FC 84.3 86.7 0.710
Cystatin C 0.889 0.820–0.938 ≥1.35 mg/l 82.9 86.7 0.696
eGFR 0.871 0.798–0.925 ≤60 ml/min 80.0 83.3 0.633
Composite panela 0.971 0.932–0.993 Model score 91.4 93.3 0.847

T a b l e  3. Diagnostic performance of individual biomarkers and composite panel for early CKD detection

Note. aComposite panel – miR-192 + Cystatin C + eGFR (multivariate logistic regression score). FC – fold change; 
AUC – area under ROC curve; CI – confidence interval
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network graph (Fig. 3) for significant correlations 
(FDR-corrected P < 0.05). We demonstrated exten-
sive connectivity and hub architecture, with miR-192 
and cystatin C at the most connected nodes (6 and 5 
significant connections, respectively).

All three miRNAs showed positive partial cor-
relations with each other (miR-21–miR-155: ρ = 0.68; 
miR-21–miR-192: ρ = 0.71; miR-155–miR-192: 
ρ = 0.65), suggesting co-regulation consistent with 
common upstream TGF-β/Smad3 transcriptional 
activation. miR-192 had the highest positive cor-
relation with cystatin C (ρ = 0.80; P < 0.001) and 
strongest inverse correlation with eGFR (ρ = −0.78; 
P <  0.001), which further confirmed its striking 
sensitivity to decline in glomerular filtration rate. 
Cystatin C and creatinine were strongly correlated 
(ρ = 0.81), while cystatin C and eGFR displayed 
the strongest inverse correlation in the network 
(ρ = −0.85). HbA1c had moderate positive correla-
tions with miR-21 (ρ = 0.55) and miR-155 (ρ = 0.60), 
which indicated the effect of chronic hyperglycaemia 
on these circulating mediators reflected in their ad-
ditional miRNA-dysregulating effect.

Discussion

The results of present study show that serum 
miR-21, miR-155 and miR-192 are strongly upregu-

Fig. 2. Receiver operating characteristic (ROC) curves for individual biomarkers and the composite panel in 
early CKD detection 

lated in the early stages of CKD and display diag-
nostic performance that exceeds serum creatinine 
measure and is commensurate with or better than 
cystatin C. The uniquely innovative aspects of this 
work include stratification according to diabetic 
versus non-diabetic CKD phenotype within the 
same cohort, construction of a partial-correlation 
biomarker network, and derivation of a composite 
diagnostic panel yielding near ideal AUC scores.

The observed upregulation of miR-192 in CKD, 
and especially T2DM, is concurrent with the early 
mechanistic study published by Motawea et al. [17]
that serum miR-192 levels were significantly reduced 
in patients with diabetic nephropathy compared with 
diabetic patients without nephropathy and healthy 
controls, suggesting the possible protective role of 
miR-192 in early disease stages. In subsequent clini-
cal studies, increased urinary miR-192 was con-
firmed in patients with diabetic nephropathy [18]. 
Our findings expand this to the analysis of circulat-
ing serum miR-192, demonstrate the highest fold-
change noted in the CKD+T2DM cohort (6.10 ± 1.50 
versus 4.20 ± 1.10 in CKD-only), and elucidate that 
the diabetic milieu augments TGF-β-dependent miR-
192 transcription, likely based on advanced glyca-
tion end-product-induced Smad3 phosphorylation 
[19].
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Fig. 3. Network graph of Spearman partial correlations among circulating miRNAs and biochemical bio-
markers, adjusted for age, sex, and BMI (n = 100). Node colour denotes biomarker category (red – miRNA; 
blue – renal function; green – metabolic). Edge thickness is proportional to absolute ρ. Solid blue edges – 
positive correlation; dashed red edges – negative correlation. Only edges with FDR-corrected P < 0.05 are 
displayed. Correlation coefficients ≥ 0.70 are annotated on edges

This CKD cohort study, also demonstrates 
an upregulation of miR-21 that is consistent with 
the data from Larrue et al. [20], who demonstrated 
that miR-21 acts as a pro-fibrotic switch silencing 
PTEN and amplifying the PI3K/Akt pathway, thus 
driving myofibroblast activation. The finding of 
current study a moderate yet robust correlation of 
miR-21 with HbA1c (ρ = 0.55) in our network also 
reinforces the idea that hyperglycaemia itself, irre-
spective of overt nephropathy “balloon”, mediates 
renal miR-21 upregulation as an early injury through 
transcriptional activation mediated by one or more 
reactive oxygen species. The upregulation of miR-
155 in CKD has also been implicated by Pasca et al. 
[21] in the activation of NF-κB and subsequent mac-
rophage M1 polarisation in the tubulointerstitium. in 
a mouse model of diabetic nephropathy. In our data, 
the relatively strong miR-155 signal in CKD+T2DM 
versus CKD-only (5.20 versus 3.70 fold-change) sup-
ports a diabetes-specific inflammatory amplification 
mechanism.

Cystatin C is by far the most clinically 
validated alternative to creatinine for GFR estima-
tion, and its value has been well demonstrated in ear-

ly CKD when muscle mass complicates creatinine-
based estimates [22]. Even the new CKD-EPI 2021 
equation that includes both creatinine and cystatin C 
reduces bias in eGFR because of racial ethnic group, 
allowing more precise prediction of progressive KCD 
[23]. In the present study, cystatin C (AUC = 0.889) 
did better than creatinine-based eGFR alone and 
was the strongest conventional biomarker from the 
composite panel. The partial-correlation network 
revealed a particularly strong miR-192–cystatin C 
axis (ρ = 0.80), possibly underscoring the common 
TGF-β regulation of both, since TGF-β is hypothe
sized to increase podocyte damage responsible for 
reduced glomerular filtration rate (thereby increasing 
cystatin C) as well as driving miR-192 transcription-
al output in surviving tubular epithelial cells.

The composite panel (miR-192 + cystatin C 
+ eGFR; AUC = 0.971) significantly exceeded the 
performance of any individual biomarker. This fits 
with the multi-biomarker paradigm of Kar et al. [24] 
and adds further support for the emerging consensus 
that renal injury is best summarized by triangulating 
molecular, filtration, and damage biomarkers. Practi-
cally, this composite could be used as a serum-based 
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test necessitating a singleton fasting blood draw and 
thus applicable in the primary care and resource-
limited nephrology space.

The current study should be acknowledged 
for several methodological strengths. First, strict 
group matching for age, sex and BMI reduced 
confounding. Second, a cel-miR-39 spike-in control 
allowed adjustment for variability in extraction ef-
ficiency – a common source of pre-analytical bias 
in serum miRNA studies. Third, the application of 
Spearman partial correlations – controversially ad-
justing for age, sex and BMI – and the subsequent 
FDR correction yields a conservative and biologi-
cally interpretable biomarker network. However, 
the study population consisted mostly of Arabs and 
Middle Eastern populations which limits the direct 
generalisability to other ethnic groups where CKD 
aetiology profiles are different. Lastly, in this study 
we did not analyze the proteinuric classification in 
further detail than UACR and there is also a need 
to establish miRNA expression at specific KDIGO 
A-categories.

Limitations of the study. This study has several 
limitations. First, it was a single center study with 
moderate sample size which may delimited the gene
ralization of the results to population level in regards 
to larger and ethnically diverse populations. Moreo-
ver, the cross-sectional case-control design of study 
does not permit evaluation of temporal changes in 
circulating microRNA expression and will also not 
allow causal inference regarding role of these mi-
croRNAs in CKD progression. Third, only three 
candidate circulating miRNAs (miR-21, miR-155 
and miR-192) were examined, and no experiment to 
validate their biological relevance in renal injury was 
made on a functional or mechanistic basis. Multi-
center, longitudinal studies with larger cohorts and 
experimental validation are needed to confirm the 
clinical validity of these biomarkers.

Conclusion. In conclusion, the results of this 
study show that serum miR-21, miR-155 and miR-
192 are markedly increased in early chronic kidney 
disease with the highest levels occurring in patients 
with concurrent type 2 diabetes mellitus. All three 
miRNAs performed better than serum creatinine 
in detecting AKI and showed similar or improved 
performance compared to cystatin C. A composite 
panel of miR-192, cystatin C, and eGFR also pro-
duced near-ideal diagnostic accuracy (AUC = 0.971). 
A partial-correlation network revealed a biologically 
coherent architecture centered around miR-192 and 

cystatin C as hubs of high connectivity, with the 
miR-192–cystatin C axis representing a putative 
molecular-biochemical sentinel of early glomerular 
damage. Our data suggest that circulating miRNAs, 
and specifically miR-192, hold promise of being 
clinically actionable biomarkers for screening CKD 
in high-risk populations with and without diabetes. 
Clinical translation will require prospective longitu-
dinal and multi-centre validation studies.
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Оцінка деяких мікроРНК як 
біомаркерів на ранніх стадіях 
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Вступ. Хронічна хвороба нирок (CKD) – це 
прогресуюче захворювання, яке вражає 10–13% 
населення світу. Традиційні біомаркери, такі 
як креатинін сироватки крові та розрахунко-
ва швидкість клубочкової фільтрації (eGFR), 
мають низьку чутливість у виявленні CKD на 
ранній стадії, особливо у разі цукрового діабету 
2 типу (T2DM). Недавні дослідження показу-
ють, що циркулюючі мікроРНК (miRNAs) є чут-
ливими молекулярними маркерами патології 
нирок. Мета. Визначити рівні miR-21, miR-155 
та miR-192 у сироватці крові пацієнтів із CKD 
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на ранній стадії з супутнім T2DM або без ньо-
го та визначити діагностичну ефективність цих 
miRNAs порівняно з цистатином С та eGFR. 
Методи. Проведено дослідження випадок-кон-
троль за участю 100 учасників, розділених на 
три групи: здорові контрольні особи (n = 30), 
пацієнти з CKD і з T2DM (n = 35) та пацієнти 
з CKD без T2DM (n = 35). Експресію мікроРНК 
у сироватці крові вимірювали за допомогою 
кількісної ПЛР у реальному часі з використан-
ням методу 2⁻ΔΔCt, використовуючи U6 snRNA 
як внутрішній стандарт. Цистатин С визначали 
за допомогою імунонефелометрії з посиленням 
частинок; eGFR розраховували за допомогою 
рівняння CKD-EPI. Статистичний аналіз прово-
дили з використанням тесту Краскела-Уолліса, 
часткових кореляцій Спірмена, ROC-аналізу та 
багатовимірної логістичної регресії. Результа-
ти. Було виявлено значне підвищення регуляції 
всіх трьох мікроРНК в обох групах пацієнтів з 
CKD (P < 0,001) із різною величиною кратності 
зміни порівняно з контрольною групою, а також 
виявлено найвищу ампліфікацію для miR-192. 
ROC-аналіз визначив miR-192 як найкращий 
окремий біомаркер (AUC = 0,937; 95% CI: 0,880–
0,978). Мережі часткової кореляції Спірмена по-
казали сильні позитивні зв’язки мікроРНК з ци-
статином С (ρ = 0,74–0,80) та сильніші негативні 
зв’язки з eGFR (ρ = від −0,69 до −0,78). Висновки. 
Циркулюючі miR-21, miR-155 та miR-192 є пер-
спективними малоінвазивними біомаркерами, 
кращими за звичайні маркери для раннього ви-
явлення CKD. Цистатин С вимірювався разом з 
ним, що забезпечило високоточну діагностичну 
панель, особливо у субфенотипі діабетичної 
нефропатії. Клінічна застосовність вимагає 
перевірки у великих багатоцентрових когортах.

К л ю ч о в і  с л о в а: мікроРНК, хронічна 
хвороба нирок, біохімічні маркери, цистатин С, 
швидкість клубочкової фільтрації, ROC-аналіз.
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