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Background: MicroRNAs (miRNAs) are important post-transcriptional regulators of gene expression and have emerged as
potential biomarkers of cardiovascular and renal diseases. Resistant arterial hypertension (RAH) is frequent-
ly associated with chronic kidney disease (CKD) and microalbuminuria, reflecting early microvascular damage.
However, the relationship between microRNA expression and microalbuminuria in patients with RAH remains
insufficiently researched. This study aimed to evaluate the expression of selected miRNAs in patients with RAH,
with and without CKD, and to assess their association with urinary albumin excretion.

Material/Methods: This cross-sectional study included 115 patients with RAH, of whom 42 (36.5%) had coexisting CKD. The ex-
pression levels of 11 selected miRNAs were assessed in peripheral blood mononuclear cells using quantitative
real-time polymerase chain reaction. Urinary albumin-to-creatinine ratio (UACR) was used to assess albumin-
uria. Correlations between microRNA expression and UACR were analyzed using Spearman’s rank correlation.

Results: In patients with RAH and microalbuminuria, a statistically significant positive correlation was observed between
hsa-miR-133a expression and UACR (Spearman’s r=0.38, P=0.024, n=35). No significant correlations were found
between urinary albumin excretion and other analyzed microRNAs or in patients without microalbuminuria.

Conclusions: Expression of hsa-miR-133a was associated with urinary albumin excretion in patients with RAH and microal-
buminuria. The findings suggest that hsa-miR-133a may be a potential noninvasive biomarker of microalbu-
minuria and early renal microvascular injury in a high-risk hypertensive population; however, further longitudi-
nal studies are required to clarify the prognostic value and clinical utility of miR-133a in this patient population.
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Introduction

Resistant arterial hypertension (RAH) is a severe form of hy-
pertension characterized by inadequate blood pressure con-
trol despite treatment with multiple antihypertensive agents,
including a diuretic [1]. RAH frequently coexists with chronic
kidney disease (CKD), and this combination is associated with
a markedly increased risk of cardiovascular morbidity and mor-
tality [2-5]. Moreover, the prevalence of hypertension increas-
es with declining renal function, and RAH becomes more com-
mon as CKD progresses [2-4,6].

Microalbuminuria is a well-established marker of renal mi-
crovascular injury and systemic endothelial dysfunction and
is strongly associated with increased cardiovascular risk and
progression of CKD. Even low-grade increases in urinary albu-
min excretion are linked to adverse cardiovascular outcomes
and accelerated renal decline [2,7]. In patients with arterial hy-
pertension, microalbuminuria reflects early target-organ dam-
age and provides prognostic information beyond convention-
al risk factors. In the context of RAH and CKD, the presence of
microalbuminuria may indicate ongoing microvascular injury
and heightened cardiovascular risk [6,7].

The pathogenesis of RAH in CKD is multifactorial and involves
sodium and volume retention, dysregulation of the renin-angio-
tensin-aldosterone system (RAAS), activation of the sympathetic
nervous system, vascular remodeling, and endothelial dysfunc-
tion [8]. Impaired renal sodium handling and intrarenal RAAS
activation contribute to sustained blood pressure elevation and
progressive renal injury [8,9]. These mechanisms promote mi-
crovascular damage and may contribute to the development
of albuminuria, a marker of early renal target-organ injury.

MicroRNAs (miRNAs) are small, non-coding RNAs that regulate
gene expression at the post-transcriptional level and play an im-
portant role in cardiovascular and renal pathophysiology [10].
Altered miRNA expression profiles have been reported in arterial
hypertension, CKD, and hypertension-related target-organ dam-
age. Increasing evidence suggests that circulating and cellular
miRNAs may serve as potential noninvasive biomarkers reflect-
ing vascular dysfunction, inflammation, and renal injury [11-14].

Among these, miR-133a has attracted particular attention due
to its involvement in vascular function, myocardial remodeling,
and renal pathophysiology. Experimental and clinical studies
suggest that miR-133a may influence blood pressure regula-
tion and renal sodium handling through modulation of intra-
renal angiotensinogen expression and tumor necrosis fac-
tor-o-dependent pathways [15]. Through these mechanisms,
miR-133a may affect intraglomerular pressure, endothelial
function, and tubular sodium reabsorption, processes closely
related to the development of albuminuria and hypertensive
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target-organ damage. Clinical studies also reported associa-
tions between circulating miR-133a levels and cardiovascular
remodeling and hypertension-related organ damage [16-18].

Therefore, the aim of the present study was to evaluate the ex-
pression of selected circulating microRNAs in patients with RAH,
with and without coexisting CKD, and to investigate the associa-
tion between miRNA expression levels, particularly miR-133a, and
urinary albumin excretion as a marker of renal microvascular injury.

The analyzed panel of microRNAs was selected a priori based
on previously published experimental and clinical evidence in-
dicating their involvement in blood pressure regulation, vas-
cular remodeling, inflammation, and renal injury.

Material and Methods

Study Population

This observational, cross-sectional study was conducted at the
Department of Cardiology, Medical University of Lublin, Poland,
between 2021 and 2022. A total of 115 adult patients with
idiopathic RAH were consecutively enrolled. RAH was defined
according to current European Society of Hypertension guide-
lines as uncontrolled blood pressure despite treatment with at
least 3 classes of antihypertensive drugs, including a diuretic,
administered at maximally tolerated doses [19]. CKD was de-
fined according to current Kidney Disease: Improving Global
Outcomes guidelines as an estimated glomerular filtration rate
(eGFR) lower than 60 mL/min/1.73 m? and/or the presence of
albuminuria [2]. Patients were classified into 2 groups accord-
ing to the presence or absence of coexisting CKD.

In addition, a group of healthy volunteers (n=33), without
known chronic diseases and not receiving regular pharma-
cological treatment, was recruited as a reference population.
Peripheral blood samples were collected from these individu-
als and used exclusively for calibration of relative miRNA ex-
pression levels (relative quantification [RQ] values). These in-
dividuals were not included in comparative analyses.

Statistical Considerations

Given the number of miRNAs analyzed, correlation analyses
were considered exploratory. No formal correction for multiple
comparisons was applied, and the results should be interpret-
ed with caution and require validation in independent cohorts.

Ethics Approval

The study was conducted in accordance with the principles of
the Declaration of Helsinki. The study protocol was approved
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by the Bioethics Committee at the Medical University of Lublin
(decision No. KE-0254/141/2020; June 25, 2020). Written in-
formed consent was obtained from all participants prior to
enrollment.

Clinical and Laboratory Assessments

All participants underwent a standardized clinical evaluation,
including medical history, physical examination, and assess-
ment of cardiovascular comorbidities. The diagnosis of RAH
was confirmed using ambulatory blood pressure monitoring
and/or home blood pressure monitoring to exclude white-coat
and masked hypertension. Office blood pressure measure-
ments were performed according to current guidelines using
validated automated devices, with patients in a seated posi-
tion after an appropriate rest period.

Renal function was assessed by measuring serum creatinine
concentration, and eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion. Urinary albumin excretion was evaluated using the uri-
nary albumin-to-creatinine ratio (UACR) obtained from spot
urine samples. Normoalbuminuria was defined as UACR less
than 30 mg/g, microalbuminuria as UACR of 30 to 300 mg/g,
and proteinuria as UACR greater than 300 mg/g.

Routine laboratory parameters were determined using standard
methods at the central laboratory at the Medical University
of Lublin.

Cell Isolation

Peripheral blood mononuclear cells (PBMCs) were isolated
from whole blood using density gradient centrifugation with
Ficoll-Paque Plus (Cytiva, Uppsala, Sweden). Whole blood sam-
ples were collected into 2.7-mL S-Monovette tubes (Sarstedt,
Germany) containing K3-EDTA as an anticoagulant. Inmediately
after collection, blood samples were diluted 1: 1 with phos-
phate-buffered saline (PBS; without calcium and magnesium
ions; Biomed-Lublin, Poland) in sterile 15-mL conical tubes
(Eppendorf, Germany). The diluted blood was carefully layered
over 3 mL of Ficoll-Paque Plus in a new sterile 15-mL conical
tube and centrifuged at 400xg for 30 minutes at 20°C (5810
R Centrifuge, Eppendorf, Germany) with the brake turned off.

Following centrifugation, the mononuclear cell layer was care-
fully aspirated and transferred into fresh 15-mL conical tubes.
Cells were washed with PBS by gentle resuspension and cen-
trifuged at 450xg for 10 minutes at 20°C. The washing step
was repeated twice to remove residual plasma and Ficoll. The
resulting cell pellet was resuspended in 1 mL of PBS and dis-
tributed into sterile 1.5-mL DNA LoBind tubes (Eppendorf,
Germany). After a final centrifugation at 400xg for 10 minutes
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at 4°C (5415 R Centrifuge, Eppendorf, Germany), the super-
natant was discarded and PBMC pellets were stored at -80°C
until RNA extraction.

Total RNA Isolation

Total RNA, including the small RNA fraction, was extracted from
PBMC pellets using the mirVana miRNA Isolation Kit (Invitrogen,
Thermo Fisher Scientific, Vilnius, Lithuania) according to the
manufacturer’s protocol. RNA concentration and purity were
determined spectrophotometrically using a NanoDrop 2000c
instrument (Thermo Fisher Scientific, Waltham, MA, USA). For
all analyzed samples, the A260/A280 ratio ranged between
1.8 and 2.0, indicating acceptable RNA purity.

Reverse Transcription

Complementary DNA was synthesized using the TagMan
MicroRNA Reverse Transcription Kit, together with miRNA-spe-
cific stem-loop primers (Applied Biosystems, Vilnius, Lithuania),
following the manufacturer’s recommendations. Each reverse
transcription reaction was performed in a total volume of
15 pL containing: 1.5 pL of 10x reverse transcription buffer,
0.15 pL of 100 mM dNTP mix (with dTTP), 3 uL of 5x RT prim-
er, 0.19 pL RNase inhibitor (20 U/uL), 1 uL MultiScribe Reverse
Transcriptase (50 U/uL), 4.16 uL nuclease-free water, and 5 pL
RNA template, corresponding to 10 ng of total RNA. Reverse
transcription was conducted using a Veriti Dx Thermal Cycler
(Applied Biosystems, Foster City, CA, USA) under the following
thermal profile: 16°C for 30 minutes, 42°C for 30 minutes, fol-
lowed by enzyme inactivation at 85°C for 5 minutes. The re-
sulting complementary DNA was subsequently used as a tem-
plate for quantitative polymerase chain reaction (PCR) analysis.

Quantitative Real-Time PCR

Quantitative real-time PCR (RT-qPCR) was performed using
TagMan Universal Master Mix Il with UNG (Applied Biosystems,
Vilnius, Lithuania) and specific TagMan MicroRNA Assays. Each
reaction contained 0.67 pL of RT product, 3.83 pL nuclease-free
water, 0.5 uL miRNA-specific primer/probe mix, and 5 pL of
TagMan Universal Master Mix, resulting in a final reaction vol-
ume of 10 pL. Amplification reactions were carried out in trip-
licate using the StepOnePlus Real-Time PCR System (Applied
Biosystems, Waltham, MA, USA) in a 96-well MicroAmp Fast
Optical reaction plate. A prespecified panel of 11 circulating
microRNAs was selected prior to data analysis based on pre-
viously published experimental and clinical evidence demon-
strating their involvement in blood pressure regulation, vascu-
lar remodeling, inflammatory pathways, and CKD. The selection
was hypothesis-driven and predefined before statistical analy-
sis. No additional microRNAs were screened beyond this pre-
defined panel. The analyzed microRNAs included the following:
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Table 1. Demographic and clinical characteristics of patients with resistant arterial hypertension with or without chronic kidney
disease.

RAH with CKD

RAH without CKD

APPROVED GALLEY PROOF

Variable (n=73) (n=42)

Age (years) 65 (57.0-71.0) 72.5 (66.0-76.0) <0.001
CSeon®) 0956
"""" Male a4 2624
"""" Female  33@5) 20676

Body mass index (kg/m?) 30.1 (27.0-33.1) 29.0 (27.4-33.4) 0.910
Duration of arterial hypertension (years) 80 (70-110) 120 (100150) 0001
 Duration of resistant arterial hypertension (years)  40(3050)  40(3060 0028
Serum creatinine (mg/d)  09(080110) 120 (100-140) w0001
 Estimated glomerular filtration rate (mU/min/173 m) 796 (675928 542 (459609 w0001
Urinary albuminto-creatinine (mg/g) 218 (175257) 176 (5391744) €01

Values are presented as median (Q1-Q3). P values were calculated using the Mann-Whitney U test. Abbreviations: RAH, resistant

arterial hypertension; CKD, chronic kidney disease.

hsa-miR-1, hsa-miR-21, hsa-miR-26b, hsa-miR-126, hsa-miR-
133a, hsa-miR-143, hsa-miR-145, hsa-miR-155, hsa-miR-195,
hsa-miR-208, and hsa-miR-320.

RNU48 was used as the endogenous control for normaliza-
tion of miRNA expression levels. This small nucleolar RNA has
been widely applied as a reference gene in circulating miR-
NA studies due to its relatively stable expression across dif-
ferent biological conditions. Although U6 is also commonly
used, its expression variability in plasma samples has been
reported, which may affect normalization accuracy. Therefore,
RNU48 was selected as a reference gene in accordance with
previously established protocols. Relative miRNA expression
levels were calculated using the comparative Ct (22%) meth-
od, where ACt represents the difference between the Ct val-
ue of the target miRNA and the endogenous control (RNU48).
For statistical analyses, log-transformed RQ values were used
to improve data distribution [20]. Expression values were de-
termined using Expression Suite Software version 1.0.3 (Life
Technologies). The experimental procedures for sample pro-
cessing and miRNA expression analysis were performed as
previously described [21].

Statistical Analysis

Statistical analyses were performed using Statistica software
(version 13.3; TIBCO Software Inc, Palo Alto, CA, USA). Data dis-
tribution was assessed using the Shapiro-Wilk test. Continuous
variables with non-normal distribution are presented as me-
dian and interquartile range (IQR), whereas categorical vari-
ables are presented as counts and percentages.

This work is licensed under Creative Commons Attribution-
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Comparisons between patients with RAH with and without
CKD were performed using the Mann-Whitney U test for con-
tinuous variables and the chi-square test or Fisher exact test
for categorical variables, as appropriate. Correlations between
miRNA expression levels and UACR were assessed using the
Spearman rank correlation coefficient. Log-transformed rela-
tive expression (RQ) values were used in statistical analyses.
A 2-sided P value <0.05 was considered statistically signifi-
cant. Pairwise deletion of missing data was applied in corre-
lation analyses.

Results

Baseline Characteristics

A total of 115 patients with RAH were included in the study,
of whom 42 (36.5%) had coexisting CKD. Patients with RAH
and CKD were significantly older than those without CKD (me-
dian age 72.5 [66.0-76.0] vs 65.0 [57.0-71.0] years; P<0.001)
and had a longer duration of arterial hypertension (12.0 [10.0-
15.0] vs 8.0 [7.0-11.0] years; P=0.001). As expected, serum cre-
atinine levels were significantly higher in the CKD group (1.20
[1.00-1.40] vs 0.90 [0.80-1.10] mg/dL; P<0.001), whereas eGFR
was significantly lower (54.2 [45.9-60.9] vs 79.6 [67.5-92.8]
mL/min/1,73 m?% P<0.001). UACR values were also marked-
ly higher in patients with CKD (117.6 [53.9-174.4] vs 21.8
[17.5-25.7] mg/g; P<0.001). Sex distribution and body mass in-
dex were comparable between the study groups. Baseline de-
mographic and clinical characteristics are presented in Table 1.
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Table 2. Laboratory parameters of patients with resistant arterial hypertension with and without chronic kidney disease.

RAH without CKD RAH with CKD

Parameter (n=73) (n=42) P value

White blood cell count (x10°/L) 7.0 (5.9-8.0) 6.6 (5.0-8.1) 0.084
Plateletcount («100) 2400 (21402840) 2365 (19482742 0235
Uricacid (mgra) 64 (5674 71 6181 0032
Fasting glucose (mg/d) 1010 (97.0-1210) 1090 (97.2-1518) 0200
Glycated hemoglobin HbALc (%) | 62 5970 71 6281 0002
Total cholesterol (mg/dl) 2000 (1700-2259) 1945 (7152155 0401
IDLcholesterol (g/dl) 1370 (1020-1540) 1300 (9481480) 0489

Triglycerides (mg/dL) 109.0 (94.0-160.0) 102.5 (98.0-142.5)

Values are presented as median (Q1-Q3). P values were calculated using the Mann-Whitney U test. Abbreviations: RAH, resistant arterial
hypertension; CKD, chronic kidney disease; HbA1C, glycated hemoglobin; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Table 3. Echocardiographic parameters of patients with resistant arterial hypertension with and without chronic kidney disease.

RAH without CKD

RAH with CKD

LL

O

O

04

al

>.

Variable (n=73) (n=42) P value E

LVEF (%) 62.0 (57.0-65.0) 59.0 (55.0-63.8) 0.165 _I

(Adimension in LAX (mm) 390 (37.0410) 410 (3804300 0050 N

Asufface area in ApdCH () 207 (183225 24 (06235 0004 O

Welme(m) 800601080 1005 (081099 0003 A

LAVI (mL/m?) 42.6 (37.0-50.0) 48.0 (43.0-55.0) 0.003 LL

W systolic diameter (nm) 450 420470 450 (410478) 0974 S

|V diastolic diameter (mm) 290 4705200 495 460-528) 0733 0

Interventricular septum thickness (mm) 120 (11.0-120) 115 (11.0-120) 019 ¥

 Posterior wall thickness (mm) 110 (11.0-120) 110 (11.0-120) 0514 o

LVMI (g/m?) 104.0 (96.0-125.0) 107.0 (99.0-117.5) 0.862 0—

LVMM (g) 207.3 (182.0-241.0) 213.5 (180.2-239.2) 0.628 <
Rightventricular diameter (mm) 280 260290 285 (270300) 0108
CRWT 05 0405 05 0405 0338

Values are presented as median (Q1-Q3). P values were calculated using the Mann-Whitney U test. Abbreviations: LVEF, left ventricular
ejection fraction; LA, left atrium; LAX, long-axis view; Ap4CH, apical four-chamber view; LAVI, left atrial volume index; LV, left ventricle;
IVS, interventricular septum; RV, right ventricle; LVMI, left ventricular mass index; LVMM, left ventricular muscle mass; RWT, relative
wall thickness.

Laboratory Parameters

Patients with RAH and CKD exhibited significantly higher se-
rum uric acid levels compared with patients without CKD (7.1
[6.1-8.1] vs 6.4 [5.6-7.4] mg/dL; P=0.032). Glycated hemoglo-
bin levels were also significantly higher in the CKD group (7.1

This work is licensed under Creative Commons Attribution-
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[6.2-8.1] vs 6.2 [5.9-7.0]%; P=0.002). No significant differences
were observed in fasting glucose concentrations or lipid profile
parameters, including total cholesterol, LDL-cholesterol, HDL-
cholesterol, and triglycerides, between the groups. Laboratory
parameters are summarized in Table 2.
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Table 4. Cardiovascular morbidity in patients with resistant arterial hypertension with and without chronic kidney disease.

RAH without CKD

RAH with CKD

Parameter (n=73) (n=42) P value
Atrial fibrillation (AF, any type) 14 (19.2%) 14 (33.3%) 0.041 x?

"""" Paoxysmal AF 9 (2% 1260w -

"""" Persistent AF 2@ 1@se -

"""" Permanent AF  3@o%w  1@se -

Heartfailure (any phenotype) 62 (889%) 3 (90.5%) 0031 Fisher

"""" WEEE 1@ o©ww -
W HEmeee 3 @ow 2 50w -
o WEpEE s 773%) 6 000% -
O eeviousstokehisty 9 2% s aoew o031 Fisher
g """" Previous ischemic stroke 7 06% 6 (a3m) - -

"""" Previous hemorrhagic stoke 2 @7%) 2@ -
E CpreviossTA 12 164%) 9 (uaw o512 v
w0 g eeow 2 @00%) o007 v
3 ecowmmems o s
O Previouspcl 4 8% 10 @so%) - -
o Previous myocardial infarction 1 aeo%w) s 25% -
Lu Previous CABG 4 (5.3%) 5 (12.5%) -
> ype2diabetes melitus 0 @0.0%) 23 (575% 002 v
O Values are presented as n (%). P values were calculated using the chi-square test or Fisher’s exact test, as appropriate. Subcategories
m of coronary artery disease are not mutually exclusive, as patients with a history of myocardial infarction may also have undergone
D. PCl or ;AI?G. Stable CAD refc?rs t_o diagnosed coron?ry artgry disease w?tho'ut prior .myocardial infarction. or corf)nary. revascularization.

Abbreviations: AF, atrial fibrillation; HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mildly reduced
D_ ejection fraction; HFpEF, heart failure with preserved ejection fraction; TIA, transient ischemic attack; CAD, coronary artery disease;
< PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Echocardiographic Findings Cardiovascular Comorbidities

Patients with RAH and CKD demonstrated more pronounced
left atrial remodeling. Left atrial surface area in apical 4-cham-
ber view was significantly larger in the CKD group (22.4 [20.6-
23.5]vs 20.7 [18.3-22.5] cm? P=0.004), as were left atrial vol-
ume (100.5[90.8-109.6] vs 89.0 [76.0-108.0] mL; P=0.003) and
left atrial volume index (48.0 [43.0-55.0] vs 42.6 [37.0-50.0]
mL/m?; P=0.003). Left atrial dimension measured in the para-
sternal long-axis view showed a borderline difference between
groups (41.0 [38.0-43.0] vs 39.0 [37.0-41.0] mm; P=0.050). No
significant differences were observed in left ventricular ejec-
tion fraction or left ventricular structural parameters (Table 3).

Atrial fibrillation was significantly more common in patients
with RAH and CKD than in those without CKD (33.3% vs 19.2%;
P=0.041). Coronary artery disease was also more prevalent in the
CKD group (80.0% vs 64.0%; P=0.017), as was type 2 diabetes
mellitus (57.5% vs 40.0%; P=0.022). Heart failure was observed
in the majority of patients in both groups but was slightly more
common in patients with CKD (90.5% vs 84.9%; P=0.031). A
history of stroke and transient ischemic attack was also more
common in patients with CKD; however, these differences did
not reach statistical significance. Cardiovascular comorbidities
in the studied populations are summarized in Table 4.
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Table 5. Correlation between circulating microRNA expression levels and UACR in patients with resistant arterial hypertension.

microRNA (logRQ)

hsa-miR-1 0.089
hsamiR126 0136
hsamiR133a 0143
hsamiR143 0171
hsamiR145 0128
hsamiR1ss 0171
hsamiR195 0189
hsamiR208 0161
ChsamiR21 0152
hsamiR26b 0116
hsamiR320 0.164

RAH without microalbuminuria (r)

RAH with CKD and Mmicroalbuminuria (r)

Spearman correlation coefficients are shown. Correlations were calculated using pairwise complete observations (n=69-71 for
“without microalbuminuria”; n=34-35 for “CKD and microalbuminuria”). * P<0.05. Abbreviations: UACR, urinary albumin-to-creatinine
ratio; RAH, resistant arterial hypertension; CKD, chronic kidney disease; RQ, log-transformed relative expression.

Figure 1. Scatterplot showing the correlation

N
wn

~
o
o

15}

=

o
wn

0.0

LogRQ hsa-miR-133a

between circulating hsa-miR-133a
expression (logRQ) and urinary
albumin-to-creatinine ratio (UACR) in
patients with chronic kidney disease
and microalbuminuria (Spearman’s
r=0.38, P=0.024, n=35; pairwise
complete observations).

20 40 60 80 100 120 140 160 180
UACR (mg/q)

200 220 240

260 280 300

Correlation Between miRNA Expression and
Microalbuminuria

No significant differences in the expression levels of the an-
alyzed miRNAs were observed between patients with and
without CKD, suggesting that global miRNA expression pro-
files were comparable between the groups. Correlation anal-
yses were performed for all analyzed miRNAs in both study
groups. No statistically significant correlations were observed
between the expression levels of the analyzed microRNAs
and UACR in patients with RAH without microalbuminuria. In
contrast, in patients with CKD and microalbuminuria (n=35),
a statistically significant positive correlation was identified

This work is licensed under Creative Commons Attribution-
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between hsa-miR-133a expression and UACR (Spearman’s
r=0.38, P=0.024). No significant correlations with UACR were
found for the remaining analyzed microRNAs in either study
group (Table 5). The correlation between hsa-miR-133a ex-
pression and UACR in patients with CKD and microalbumin-
uria is illustrated in Figure 1.

Correlations Between miRNA Expression and Clinical and
Echocardiographic Parameters

Additional exploratory analyses were performed to evaluate

potential associations between miRNA expression and select-
ed clinical and echocardiographic parameters. Weak negative
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correlations were observed between hsa-miR-133a expres-
sion and left ventricular systolic diameter (r=-0.23, P=0.018),
posterior wall thickness (r=-0.20, P=0.042), and left ventricu-
lar muscle mass (r=-0.19, P=0.047; n=106). Given the explor-
atory nature of these analyses and the modest strength of the
associations, the findings should be interpreted with caution.

Discussion

The present study provides novel insights into the relation-
ship between microRNA expression and renal involvement in
patients with RAH. In a well-characterized cohort of patients
with idiopathic RAH, those with coexisting CKD demonstrat-
ed a higher burden of cardiovascular comorbidities, more pro-
nounced left atrial remodeling, and worse renal function pa-
rameters. The key finding of this study is the identification of
a significant positive association between hsa-miR-133a ex-
pression and UACR in patients with CKD and microalbumin-
uria. Notably, among the analyzed panel of 11 microRNAs, only
miR-133a demonstrated a significant association with UACR,
suggesting a specific rather than global role of miRNA dys-
regulation in renal microvascular injury. Importantly, no sig-
nificant differences in overall miRNA expression levels were
observed between patients with and without CKD, indicating
that the observed association is not driven by global altera-
tions in miRNA expression but reflects a more specific rela-
tionship with renal microvascular injury. Additionally, weak
negative correlations were observed between miR-133a ex-
pression and selected echocardiographic parameters reflect-
ing left ventricular structure, which may suggest a potential
relationship between miR-133a expression and cardiac remod-
eling in patients with RAH.

Our findings are consistent with those of previous studies re-
porting associations between miR-133a expression and markers
of cardiovascular or renal target-organ damage. Experimental
data indicate that miR-133a is involved in blood pressure reg-
ulation and renal sodium handling, particularly in models of
salt-sensitive hypertension [15,22,23]. In clinical settings, al-
tered circulating miR-133a levels have been reported in pa-
tients with arterial hypertension and left ventricular hypertro-
phy, supporting a link between miR-133a dysregulation and
hypertensive organ damage [16]. Moreover, Parthenakis et al
demonstrated an association between miR-133a expression
and urinary albumin excretion in patients with newly diag-
nosed, untreated arterial hypertension [17].

Importantly, these prior studies were conducted predominant-
ly in populations without advanced renal impairment or re-
sistant hypertension. In contrast, our study extends these ob-
servations to a high-risk cohort with RAH and coexisting CKD,
suggesting that the association between miR-133a expression

Btaszczyk RT. et al:
miR-133a and microalbuminuria
© Med Sci Monit, 2026; 32: €952860

and microalbuminuria persists in more advanced stages of hy-
pertensive disease.

The biological mechanisms linking miR-133a expression with
microalbuminuria are not fully understood; however, sever-
al pathways can be considered. Preclinical studies have iden-
tified miR-133a as a salt-sensitive microRNA involved in the
regulation of intrarenal angiotensinogen expression and renal
sodium handling, mediated in part by tumor necrosis factor-
o—dependent pathways [15-17]. Through these mechanisms,
miR-133a may influence intraglomerular pressure, endothelial
function, and tubular sodium reabsorption—processes close-
ly related to the development of albuminuria. Moreover, mi-
croalbuminuria reflects generalized endothelial dysfunction
and increased vascular permeability, suggesting that altered
miR-133a expression may represent a systemic epigenetic re-
sponse to microvascular injury rather than a kidney-specific
phenomenon. These mechanistic considerations remain specu-
lative, as they were not directly assessed in the present study.

Beyond its association with albuminuria, miR-133a has been
implicated in several cardiovascular and renal processes rele-
vant to CKD. Previous studies have demonstrated altered miR-
133a expression in conditions such as left ventricular hyper-
trophy and vascular calcification, suggesting a broader role
in cardiovascular remodeling and CKD-related complications
[16,24,25]. In patients with advanced CKD and end-stage re-
nal disease, miR-133a has been linked to mechanisms regu-
lating vascular calcification through modulation of osteogen-
ic signaling pathways [24].

RAH represents a particularly high-risk clinical phenotype char-
acterized by severe blood pressure dysregulation, advanced
target-organ damage, and frequent coexistence of CKD. In this
context, the observed association between miR-133a expres-
sion and microalbuminuria may reflect cumulative microvas-
cular injury and systemic vascular dysfunction. Additionally,
altered miR-133a expression has been associated with myo-
cardial remodeling and fibrotic processes, suggesting a po-
tential link with structural cardiovascular changes observed
in this population [25,26].

Although previous studies have reported associations between
albuminuria and other microRNAs, including miR-29, miR-21,
miR-126, and miR-135a, suggesting the involvement of com-
plex and overlapping epigenetic pathways [27-33], only miR-
133a demonstrated a significant association with urinary al-
bumin excretion in the present study.

From a clinical perspective, the identification of noninvasive
biomarkers reflecting early renal and cardiovascular target-
organ damage remains an important unmet need in patients
with RAH. Microalbuminuria is a well-established marker of
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increased cardiovascular risk; however, it often reflects al-
ready established microvascular injury. The observed associ-
ation between miR-133a expression and UACR suggests that
miR-133a may provide complementary information to conven-
tional clinical markers, potentially improving risk stratification
in patients with RAH and CKD.

The assessment of miR-133a expression in PBMCs may reflect
systemic epigenetic alterations associated with microvascular
dysfunction, supporting its potential role as a circulating cel-
lular biomarker. Nevertheless, the clinical utility of miR-133a
requires confirmation in prospective and longitudinal studies.

Several limitations of this study should be acknowledged. First,
the cross-sectional design precludes conclusions regarding cau-
sality or temporal relationships between miR-133a expression
and microalbuminuria. Second, the relatively small sample size
and single-center nature of the study may limit generalizability.
Third, miR-133a expression was assessed in PBMCs rather than
renal tissue, and mechanistic pathways were not directly investi-
gated. Fourth, potential effects of pharmacological treatment on
miRNA expression cannot be excluded. Finally, given the num-
ber of analyzed microRNAs, the possibility of type I error cannot
be excluded. Additionally, the group of healthy volunteers was
used solely for calibration of miRNA expression levels and was
not included in comparative analyses, which limits the ability
to assess differences between patients and healthy individuals.

Conclusions

This study demonstrated a positive correlation between hsa-
miR-133a expression and urinary albumin excretion in patients
with CKD and microalbuminuria. Among the analyzed microR-
NAs, miR-133a was the only molecule significantly associated
with UACR, suggesting a specific role in microvascular renal
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injury. These findings indicate that miR-133a may represent a
potential noninvasive biomarker of early renal injury in a high-
risk hypertensive population. However, the cross-sectional de-
sign of the study precludes conclusions regarding causality or
temporal relationships. Prospective longitudinal studies are re-
quired to determine whether increased miR-133a expression
precedes or predicts worsening albuminuria and CKD progres-
sion and whether it may respond to therapeutic interventions.
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