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Atrial fibrillation (AF) is the most common arrhythmia with
heterogeneous clinical manifestations and severe complications
such as heart failure and stroke. Atrial fibrillation has a multi-
factorial nature and complex pathogenesis. The process of atrial
remodeling is the basis of the occurrence and recurrence of AF,
which affects the electrical, contractile, structural function and
also impact on autonomic nervous system dysfunction, which

leads to their morphological changes in atrium [1].

Cardiac structural remodeling is characterized by atrial
enlargement and tissue fibrosis, characterized by the excessive
accumulation of collagenous material in the extracellular space
[2,3]. Fibrosis is promoted by various risk factors as an aging,
obesity, arterial hypertension, heart failure, diabetes, sleep
disordered and nearly all type of heart disease, including different

ischemic and non-ischemic etiologies [4].

Atrial fibrosis interferes with

forming barriers to electrical conduction and thus separating

impulse propagation by
the associated syncytium. Increased extracellular collagen
contributes to disruption of fiber continuity, causing local
conduction disturbances. In addition, perivascular fibrosis around
intracoronary vessels may impair oxygen availability, contributing
to myocyte ischemia. The mechanisms underlying atrial fibrosis
are multifaceted, involving stretch-induced fibroblast activation,
oxidative stress, inflammation, and coagulation pathways.
Atrial fibrosis is considered a critical prognostic factor for the
development of atrial fibrillation and its associated complications,

including stroke and infarction [5,6].
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Experimental and clinical studies suggest a bidirectional
relationship between AF and atrial fibrosis, whereby AF can induce
fibrosis and fibrotic remodeling, in turn, exacerbates the risk
and progression of AF [7]. The pathophysiology of atrial fibrosis
involves several interrelated processes, including stretch-induced
fibroblast activation, reactive oxygen species generation, local
and systemic inflammatory responses, activation of coagulation

pathways, and fibro-fatty infiltration [8,9].

Understanding the relationship between fibrosis and AF in
patients is complicated by the presence of diverse underlying risk
factors that often coexist. These factors not only contribute to
fibrosis but also induce additional structural alterations that affect

electrical conduction.

It was revealed that in patients with AF, hemodynamic overload
of the atria is observed. Constantly increased intra-atrial pressure
leads to thinning of the atrial wall, to decrease in the number of
contractile myocardial cells and the development of diffuse atrial
sclerosis. The specific gravity of the fibrous tissue of such atria is
much higher than normal. It is believed that the development of
fibrosis has several causes: 1) a consequence of the inflammatory
process (“atrial myocarditis” as the cause of AF); 2) hyperactivation
of the renin-angiotensin-aldosterone system with the negative
effects of excessive formation of angiotensin and aldosterone;
3) an increase in other biologically active agents capable of
inducing fibrosis, such as galectin-3 [12]. The process of fibrosis is

characterized by the proliferation and differentiation of fibroblasts
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and myofibroblasts, followed by an increase in collagen synthesis
to form fibrous tissue. An increase of atrial fibrosis is observed at
biopsy and autopsy in AF patients [13]. The relationship between
the volume of fibrosis in the left atria and the number of cases
of postoperative AF was revealed. With a fibrosis volume of up
to 15%, AF developed in 16% of patients in the postoperative
period; with a volume of fibrosis of 15-23% - in 21% of patients
and with a volume of fibrosis of 23-32% [14]. This significantly
increases the risk of recurrence of AF [15]. Atrial fibrosis is a
multifactorial process resulting from complex interactions between
neurohormonal and cellular mediators [16]. Fibrosis is understood
as an increase in the level of the collagen fraction by 2-3 times, i.e.
the predominance of collagen synthesis over its breakdown. It has
been proven that the more collagen, the higher the rigidity of not
only the vascular wall, but also the myocardial wall [17]. Several
profibrotic signaling pathways are known to promote the transition
of profibrotic molecules and mediators to atrial fibrosis. For
example, angiotensin II, a well-known profibrotic molecule, plays a
central role in collagen production. It acts by binding to 2 different
subtypes of receptors: angiotensin type I receptor (AT1R) and type
II (AT2R). AT1R realize the profibrogenic effects of angiotensin II
by stimulating fibroblast proliferation, hypertrophy and apoptosis
of cardiomyocytes [18]. Activation of type 1 AT II receptors
stimulates the accumulation of extracellular matrix proteins and
fibrosis. The influence of angiotensin II on the composition of the
extracellular matrix and collagen expression is partially mediated
by local synthesis of the cytokine transforming growth factor-
beta-1TGF-B1. Which, being a profibrotic cytokine, controls the
production and composition of the extracellular matrix. TGF-f1
is secreted by both cardiomyocytes and fibroblasts and is the
main mediator of angiotensin II regulatory signals for autocrine
(influence on the angiotensin II producing cell itself) and paracrine
(influence on neighboring cells) regulation mechanisms [19].
The main cardiac effects of TGF-f31 are: hypertrophy, fibrosis and
apoptosis. Excessive expression of TGF-81 enhances the synthesis
of the extracellular matrix and stimulates the progression of organ
fibrosis. It is known that the level of TGF-f1 in patients with AF is
higher than in patients with sinus rhythm. In addition, activation
of TGF-f1 receptors also results in the expression of connective
tissue growth factor, which is released locally, further stimulating
extracellular matrix proteins and enhancing the progression of

atrial fibrosis. As a result, the accumulation of fibrillar and non-
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fibrillar collagen leads to the progression of atrial fibrosis and the
maintenance of AF, i.e. either to its recurrence, or to the transition
to a permanent form of AF. The relationship between TGF-f1 and
RAAS is quite interesting; angiotensin II stimulates the synthesis
of TGF-f1, which is a potent stimulator of fibroblast activity.
Conversely, TGF-B1 reciprocally enhances the production of
angiotensin Il and additional profibrogenic factors; thus, a positive
feedback loop is formed [20]. It appears that fibrosis progresses
despite compensatory changes in TGFB1 signaling pathways, and
high blood levels of TGFB1 are a potential non-invasive predictor

of atrial electrical and structural remodeling in AF.

Currently, some pharmacological agents can be used to prevent
the progression of atrial fibrosis associated with underlying heart
disease. Thus, it has been found that the use of ACE inhibitors,
ARBs or mineralocorticoid receptor antagonists can prevent the
onset of atrial fibrosis. Experimental studies show that inhibition
of the RAAS system can mitigate the development of fibrosis and
reduce the incidence of AF [21-23].

Recently, special attention has been paid to SGLT2 inhibitors,
which affect atrial fibrosis through, attenuation of pro-fibrotic
signaling pathways such as the TGF-$/SMAD axis. In addition,
SGLT2 inhibitors have anti-inflammatory properties by reducing
circulating levels of cytokines such as IL-6 and TNF-a, which are
key factors in cardiac fibroblast activation and extracellular matrix
remodeling [24,25]. Improved myocardial energy metabolism
relieves cellular stress, while natriuretic and diuretic effects reduce
atrial wall stretch, further reducing mechanical stress-induced
fibrosis [26-28].

GLP-1RAs counteract atrial fibrosis by modulating cardiac
fibroblast activity through activation of the GLP-1 receptor. This
suppresses pro-fibrotic pathways including TGF-$ and connective
tissue growth factor. Moreover, they significantly reduce systemic
and local inflammation and pro-inflammatory cytokine levels [29-
31].

In directly, they alleviate cardiac hypertrophy by reducing
mechanical stress on atrial tissue and further attenuating fibrosis
[32]. Anti-inflammatory role of glucagon-like peptide 1 receptor
SGLT2 inhibitors and GLP-1RAs may potentially synergistically

attenuate atrial fibrosis via complement pathways.
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In summary, atrial fibrosis is mediated by complex paracrine
signaling networks regulating fibroblast proliferation, activation,
and collagen synthesis. Therapeutic strategies target key pathways
including the renin-angiotensin-aldosterone system, endothelin-1
signaling, protease-activated receptors, and mineralocorticoid
receptor antagonists. Novel antidiabetic drugs, including sodium-
glucose cotransporter 2 inhibitors and glucagon-like peptide-1
receptor agonists, reduce oxidative stress and profibrotic signaling
pathways.

Bibliography

1. Murakata Y, et al. “Electrical, structural, and autonomic atrial
remodeling underlies atrial fibrillation in inflammatory atrial
cardiomyopathy”. Frontiers in Cardiovascular Medicine 9
(2023):1075358.

2. Nattel Sand Harada M. “Atrial remodeling and atrial fibrillation:
recent advances and translational perspectives”. Journal of the
American College of Cardiology 63 (2014): 2335-2345.

3. Sagnard A, etal. “New perspective in atrial fibrillation”. Journal
of Clinical Medicine 9 (2020): 3713.

4. Heijman ], et al. “Dynamics of atrial fibrillation mechanisms
and comorbidities”. Annual Review of Physiology 83 (2021):
83-106.

5. Nattel S. “Atrial Fibrosis, Endocardial Damage, and Thrombosis
in Atrial Fibrillation: Association with Underlying Conditions
or Causal?” JACC Clinical Electrophysiology 9 (2023): 1169-
1171.

6. LiZ, et al. “Atrial Cardiomyopathy Markers and New-Onset
Atrial Fibrillation Risk in Patients with Acute Myocardial
Infarction”. European Journal of Internal Medicine 102 (2022):
72-79.

7. Schotten U, et al. “Pathophysiological Mechanisms of Atrial
Fibrillation: A Translational Appraisal”. Physiology Review 91
(2011): 265-232.

8. Korantzopoulos P, et al. “Inflammation and Atrial Fibrillation:
A Comprehensive Review”. Journal of Arrhythmia 34 (2018):
394-401.

9. Heijman ], et al. “Dynamics of Atrial Fibrillation Mechanisms
and Comorbidities”. Annual Review of Physiology 83 (2021):
83-106.

44
10. VerheuleSand Schotten U. “Electrophysiological Consequences
of Cardiac Fibrosis”. Cells 10 (2022): 3220.

11. Maesen B, et al. “Endomysial Fibrosis, Rather than Overall
Connective Tissue Content, Is the Main Determinant of
Conduction Disturbances in Human Atrial Fibrillation”. EP
Europace 24 (2022): 1015-1024.

12. Li CY, et al. “Atrial fibrosis underlying atrial fibrillation
(Review)”. International Journal of Molecular Medicine 47.3
(2021): 9.

13. Chelu MG, et al. “Atrial Fibrosis by Late Gadolinium
Enhancement Magnetic Resonance Imaging and Catheter
Ablation of Atrial Fibrillation: 5-Year Follow-Up Data”. Journal
of American Heart Association 7 (2018): e006313.

14. Eckstein ], et al. “Impact of left atrial appendage fibrosis
onatrial fibrillation in patients following coronary bypass
surgery”. Clinical Cardiology 45.10 (2022): 1029-1035.

15. Mal], etal. “Leftatrial fibrosis in atrial fibrillation: Mechanisms,
clinical evaluation and management”. Journal of Cellular and
Molecular Medicine 25.6 (2021): 2764-2775.

16. Frangogiannis NG. “Cardiac fibrosis”. Cardiovascular Research
117.6 (2021): 1450-1488.

17. Speca S. et al. “Cellular and molecular mechanisms of
intestinal fibrosis”. World Journal of Gastroenterology 18.28
(2012): 3635-3661.

18. Al Qudah M., et al. “Targeting the renin-angiotensin-
aldosterone system in fibrosis”. Matrix Biology (2021): 91-92:
92-108.

19. Kim KK, et al. “TGF-B1 Signaling and Tissue Fibrosis”. Cold
Spring Harbor Perspectives in Biology 10.4 (2018): a022293.

20. Li C, et al. “Mechanism of action of non-coding RNAs and
traditional Chinese medicine in myocardial fibrosis: Focus on
the TGF-f/Smad signaling pathway”. Frontiers in Pharmacology
14 (2023): 1092148.

21. Tian-lun Li, et al. “Omentin-1 attenuates atrial fibrillation
via Src/PI3K/Akt signaling-mediated anti-fibrotic effects in
cardiac fibroblasts”. European Journal of Pharmacology 996
(2025): 177588.

Citation: Grigoryan SV, et al. “Fibrosis and Atrial Fibrillation: The Role of Antifibrotic Treatment in the Therapy of AF". Acta Scientific Medical Sciences

9.8 (2025): 42-45.


file:///C:/Users/ACTA/OneDrive%20-%20ECRONICON/Desktop/ACTA%202025/AUGUST%202025/ASMS-25-SC-135/doi.org/10.3389/fcvm.2022.1075358
file:///C:/Users/ACTA/OneDrive%20-%20ECRONICON/Desktop/ACTA%202025/AUGUST%202025/ASMS-25-SC-135/doi.org/10.3389/fcvm.2022.1075358
file:///C:/Users/ACTA/OneDrive%20-%20ECRONICON/Desktop/ACTA%202025/AUGUST%202025/ASMS-25-SC-135/doi.org/10.3389/fcvm.2022.1075358
file:///C:/Users/ACTA/OneDrive%20-%20ECRONICON/Desktop/ACTA%202025/AUGUST%202025/ASMS-25-SC-135/doi.org/10.3389/fcvm.2022.1075358
https://www.sciencedirect.com/science/article/pii/S0735109714013953
https://www.sciencedirect.com/science/article/pii/S0735109714013953
https://www.sciencedirect.com/science/article/pii/S0735109714013953
https://www.mdpi.com/2077-0383/9/11/3713
https://www.mdpi.com/2077-0383/9/11/3713
https://pubmed.ncbi.nlm.nih.gov/33064962/
https://pubmed.ncbi.nlm.nih.gov/33064962/
https://pubmed.ncbi.nlm.nih.gov/33064962/
https://pubmed.ncbi.nlm.nih.gov/37115117/
https://pubmed.ncbi.nlm.nih.gov/37115117/
https://pubmed.ncbi.nlm.nih.gov/37115117/
https://pubmed.ncbi.nlm.nih.gov/37115117/
https://pubmed.ncbi.nlm.nih.gov/35513991/
https://pubmed.ncbi.nlm.nih.gov/35513991/
https://pubmed.ncbi.nlm.nih.gov/35513991/
https://pubmed.ncbi.nlm.nih.gov/35513991/
https://pubmed.ncbi.nlm.nih.gov/21248168/
https://pubmed.ncbi.nlm.nih.gov/21248168/
https://pubmed.ncbi.nlm.nih.gov/21248168/
https://pubmed.ncbi.nlm.nih.gov/30167010/
https://pubmed.ncbi.nlm.nih.gov/30167010/
https://pubmed.ncbi.nlm.nih.gov/30167010/
https://pubmed.ncbi.nlm.nih.gov/33064962/
https://pubmed.ncbi.nlm.nih.gov/33064962/
https://pubmed.ncbi.nlm.nih.gov/33064962/
https://pubmed.ncbi.nlm.nih.gov/34831442/
https://pubmed.ncbi.nlm.nih.gov/34831442/
https://pubmed.ncbi.nlm.nih.gov/35348667/
https://pubmed.ncbi.nlm.nih.gov/35348667/
https://pubmed.ncbi.nlm.nih.gov/35348667/
https://pubmed.ncbi.nlm.nih.gov/35348667/
https://www.ahajournals.org/doi/10.1161/JAHA.117.006313
https://www.ahajournals.org/doi/10.1161/JAHA.117.006313
https://www.ahajournals.org/doi/10.1161/JAHA.117.006313
https://www.ahajournals.org/doi/10.1161/JAHA.117.006313
https://pmc.ncbi.nlm.nih.gov/articles/PMC9574744/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9574744/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9574744/
https://www.researchgate.net/publication/349288378_Left_atrial_fibrosis_in_atrial_fibrillation_Mechanisms_clinical_evaluation_and_management
https://www.researchgate.net/publication/349288378_Left_atrial_fibrosis_in_atrial_fibrillation_Mechanisms_clinical_evaluation_and_management
https://www.researchgate.net/publication/349288378_Left_atrial_fibrosis_in_atrial_fibrillation_Mechanisms_clinical_evaluation_and_management
https://academic.oup.com/cardiovascres/article/117/6/1450/5949044
https://academic.oup.com/cardiovascres/article/117/6/1450/5949044
https://pmc.ncbi.nlm.nih.gov/articles/PMC3406417/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3406417/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3406417/
https://doi.org/10.1016/j.matbio.2020.04.005
https://doi.org/10.1016/j.matbio.2020.04.005
https://doi.org/10.1016/j.matbio.2020.04.005
https://pubmed.ncbi.nlm.nih.gov/28432134/
https://pubmed.ncbi.nlm.nih.gov/28432134/
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1092148/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1092148/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1092148/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1092148/full
https://www.sciencedirect.com/science/article/abs/pii/S0014299925003425
https://www.sciencedirect.com/science/article/abs/pii/S0014299925003425
https://www.sciencedirect.com/science/article/abs/pii/S0014299925003425
https://www.sciencedirect.com/science/article/abs/pii/S0014299925003425

Fibrosis and Atrial Fibrillation: The Role of Antifibrotic Treatment in the Therapy of AF

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kapelios CJ]., et al. “Effect of Mineralocorticoid Receptor
Antagonists on Cardiac Function in Patients with Heart Failure
and Preserved Ejection Fraction: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials”. Heart Failure
Review 24 (2019): 367-377.

Karakasis P, et al. “Effects of Mineralocorticoid Receptor
Antagonists on New-Onset or Recurrent Atrial Fibrillation:
A Bayesian and Frequentist Network Meta-Analysis of
Randomized Trials”. Current Problems in Cardiology 49 (2024):
102742.

Yang L., et al. “Effects and Mechanisms of SGLT2 Inhibitors on
the NLRP3 Inflammasome, with a Focus on Atherosclerosis”.
Frontiers in Endocrinology 13 (2022): 99293.

Sendergaard E., et al. “SGLT2 Inhibition Reduces Myocardial
Oxygen Consumption”. Metabolism Open 15 (2022): 100207.

Dyck JRB,, et al. “Cardiac Mechanisms of the Beneficial Effects
of SGLT2 Inhibitors in Heart Failure: Evidence for Potential
off-Target Effects”. Journal of Molecular and Cellular Cardiology
167 (2022): 17-31.

Packer, M. SGLT2 Inhibitors: Role in Protective Reprogramming
of Cardiac Nutrient Transport and Metabolism” Nature
Reviews Cardiology 20 (2023): 443-462.

Sendergaard E., et al. “SGLT2 Inhibition Reduces Myocardial
Oxygen Consumption”. Metabolism Open 15 (2022): 100207.

Yadav P, et al. “Glucagon-like Peptide 1 and Fibroblast Growth
Factor-21 in Non-Alcoholic Steatohepatitis: An Experimental
to Clinical Perspective”. Pharmacology Research 184 (2022):
106426.

Alharbi SH. “Anti-Inflammatory Role of Glucagon-like Peptide
1 Receptor Agonists and Its Clinical Implications”. Therapeutic
Advances in Endocrinology and Metabolism 15 (2024):
20420188231222370.

Mehdi SF, et al. “Glucagon-like Peptide-1: A Multi-Faceted
Anti-Inflammatory Agent”. Frontiers in Inmunology 14 (2023):
1148209.

Solomon SD,, et al. “Effect of Semaglutide on Cardiac Structure
and Function in Patients With Obesity-Related Heart Failure”.
Journal of the American College of Cardiology 84 (2024): 1587-
1602.

45

Citation: Grigoryan SV, et al. “Fibrosis and Atrial Fibrillation: The Role of Antifibrotic Treatment in the Therapy of AF". Acta Scientific Medical Sciences
9.8 (2025): 42-45.


https://pubmed.ncbi.nlm.nih.gov/30618017/
https://pubmed.ncbi.nlm.nih.gov/30618017/
https://pubmed.ncbi.nlm.nih.gov/30618017/
https://pubmed.ncbi.nlm.nih.gov/30618017/
https://pubmed.ncbi.nlm.nih.gov/30618017/
https://www.sciencedirect.com/science/article/abs/pii/S0146280624003797
https://www.sciencedirect.com/science/article/abs/pii/S0146280624003797
https://www.sciencedirect.com/science/article/abs/pii/S0146280624003797
https://www.sciencedirect.com/science/article/abs/pii/S0146280624003797
https://www.sciencedirect.com/science/article/abs/pii/S0146280624003797
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2022.992937/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2022.992937/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2022.992937/full
https://pubmed.ncbi.nlm.nih.gov/36092797/
https://pubmed.ncbi.nlm.nih.gov/36092797/
https://www.sciencedirect.com/science/article/pii/S0022282822000499
https://www.sciencedirect.com/science/article/pii/S0022282822000499
https://www.sciencedirect.com/science/article/pii/S0022282822000499
https://www.sciencedirect.com/science/article/pii/S0022282822000499
https://www.nature.com/articles/s41569-022-00824-4
https://www.nature.com/articles/s41569-022-00824-4
https://www.nature.com/articles/s41569-022-00824-4
https://pubmed.ncbi.nlm.nih.gov/36092797/
https://pubmed.ncbi.nlm.nih.gov/36092797/
https://pubmed.ncbi.nlm.nih.gov/36075510/
https://pubmed.ncbi.nlm.nih.gov/36075510/
https://pubmed.ncbi.nlm.nih.gov/36075510/
https://pubmed.ncbi.nlm.nih.gov/36075510/
https://pubmed.ncbi.nlm.nih.gov/38288136/
https://pubmed.ncbi.nlm.nih.gov/38288136/
https://pubmed.ncbi.nlm.nih.gov/38288136/
https://pubmed.ncbi.nlm.nih.gov/38288136/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1148209/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1148209/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1148209/full
https://pubmed.ncbi.nlm.nih.gov/39217567/
https://pubmed.ncbi.nlm.nih.gov/39217567/
https://pubmed.ncbi.nlm.nih.gov/39217567/
https://pubmed.ncbi.nlm.nih.gov/39217567/

	_GoBack

