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Chronic kidney disease (CKD) is a major global public health problem, affecting
hundreds of millions of patients worldwide and imposing substantial economic costs [1].
Because of the asymptomatic early stages and heterogeneous clinical pathophysiology,
CKD remains underdiagnosed until advanced stages, at which point therapeutic options
are limited, resulting in poor patient outcomes. Consequently, the development of sensi-
tive diagnostic tools for early CKD detection, reliable biomarkers of disease progression,
and effective therapeutic strategies remains a central challenge in nephrology. Since the
mid-2010s, substantial progress has been achieved in the diagnosis and treatment of kidney
diseases. Advances in molecular diagnostics, metabolomics, and genetic profiling have
deepened our understanding of the mechanisms of kidney disease. In parallel, the thera-
peutic strategy for CKD has expanded from conventional conservative management, such
as blood pressure control and dietary therapy, to include disease-modifying strategies that
directly target inflammation and fibrosis, which represent the common final pathways
in CKD progression. Following the establishment of the “four pillars” of Diabetic Kid-
ney disease (DKD) management, renin-angiotensin system blockade, SGLT2 inhibitors,
non-steroidal mineralocorticoid receptor antagonists, and glucagon-like peptide-1 receptor
agonists, increasing attention has been directed toward adjunctive therapies aimed at
managing residual risk [2]. Chronic inflammation, oxidative stress, immune cell infiltration,
and the activation of profibrotic signaling pathways are now recognized as central common
pathways of CKD progression across etiologies [3]. Accordingly, multiple pharmacological
approaches targeting these pathways have entered clinical development [4], including
endothelin receptor antagonists (ERAs) [5], soluble guanylate cyclase stimulator [6], Janus
kinase (JAK)-STAT pathway inhibitors [7], aldosterone synthase inhibitors [8], the NOD-
like receptor family, pyrin-domain-containing 3 (NLRP3) inflammasome inhibitors, C-C
chemokine receptor type 2 and 5 (CCR2/CCR5) antagonists [9], apoptosis-signal-regulating
kinase 1 (ASK1) inhibitors [10], nuclear factor erythroid 2-related factor 2 (Nrf2) activa-
tors [11], and agents modulating microRNA-medjiated fibrotic responses [12].

ERAs have produced beneficial effects, including reductions in proteinuria and the
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attenuation of inflammatory and fibrotic responses, particularly when combined with
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major organs responsible for ET-1 production, and ET-1 is secreted by various kidney cell
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types, including glomerular endothelial cells, tubular epithelial cells, and interstitial fibrob-
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lasts. ET-1 exerts biological effects primarily through two G-protein-coupled receptors,
distributed under the terms and endothelin type A (ETA) and endothelin type B (ETB) receptors [14,15]. ETA receptors
conditions of the Creative Commons  are predominantly expressed in vascular smooth muscle cells and fibroblasts, where their
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In contrast, ETB receptors are mainly located on endothelial cells and mediate vasodilation
and natriuresis through the production of nitric oxide and prostacyclin. In patients with
CKD, ET-1 expression is markedly upregulated, leading to the activation of ETA signaling,
which induces renal vasoconstriction, reduces renal blood flow, and exacerbates intrarenal
hypoxia [16]. In addition, ET-1 contributes to the development of proteinuria by disrupting
the endothelial glycocalyx in glomerular capillaries [17]. ET-1 also promotes the recruit-
ment of macrophages and T cells as well as enhances the production of pro-inflammatory
cytokines such as tumor necrosis factor-a (TNF-) and interleukin-6 (IL-6) [18]. These
processes collectively drive fibroblast activation and myofibroblast differentiation, resulting
in tubulointerstitial fibrosis and CKD progression. ERAs exert multifaceted reno-protective
effects by blocking ET-1 signaling, leading to reductions in proteinuria, the stabilization
of renal hemodynamics, and the suppression of inflammation and fibrosis. Although not
all candidate agents have produced definitive reno-protective benefits in late-phase trials,
these efforts collectively reflect a paradigm shift toward mechanism-based and combination
therapies that aim to slow CKD progression. These advances highlight the growing incor-
poration of molecular pathophysiology into clinical trials and routine practice, enabling
the selection of more precise and individualized therapeutic strategies in nephrology. In
addition, improvements in renal replacement therapies, including hemodialysis, peritoneal
dialysis, renal transplantation, and regenerative approaches, have contributed to increased
patient survival and quality of life. Despite these advances, important gaps remain between
mechanistic insights and their translation into routine clinical practice.

This second edition of the Special Issue “Recent Advances in Diagnosis and Treatment of
Kidney Diseases” was designed to highlight contemporary progress in kidney disease diag-
nostics and therapeutics, with a particular focus on CKD, dialysis-related complications,
and renal transplantation, and addressed critical aspects of kidney disease from molec-
ular mechanisms to clinical outcomes. Several contributions in this Special Issue focus
on patients undergoing hemodialysis, a population characterized by complex metabolic,
endocrine, and cardiovascular disturbances. One original study explored the drivers of
hypothyroidism in patients on hemodialysis, highlighting a frequently overlooked but clin-
ically relevant complication [19]. Thyroid dysfunction in patients on dialysis is associated
with increased cardiovascular risk and mortality; however, the underlying mechanisms
remain incompletely understood. By identifying the contributing clinical and biochemical
factors, this study provides valuable insights that may inform improved screening and man-
agement strategies in this vulnerable population. Another original investigation explored
the association between serum phenylacetylglutamine levels and aortic stiffness in patients
on hemodialysis [20]. Cardiovascular disease remains the leading cause of death in patients
with CKD on dialysis, and arterial stiffness is a key predictor of adverse cardiovascular
outcomes. The identification of phenylacetylglutamine, a gut microbiota-derived uremic
metabolite, as a potential risk factor highlights the growing importance of metabolic and
microbiome-related pathways in CKD-associated cardiovascular complications. Despite
substantial progress, several diagnostic and therapeutic challenges persist in kidney disease
care. Traditional biomarkers such as serum creatinine and estimated glomerular filtration
rate (eGFR) lack sensitivity, especially for detecting early disease detection and capturing
the complexity of CKD pathophysiology. Moreover, many CKD complications, including
metabolic acidosis, cardiovascular disease, and endocrine disturbances, are multifactorial,
highlighting the need for more integrative diagnostic approaches. The narrative reviews
included in this Special Issue directly address these gaps. One review focuses on emerging
biomarkers and advanced diagnostic strategies in CKD, emphasizing the role of multi-
omics technologies and artificial intelligence [21]. By integrating genomics, transcriptomics,
proteomics, metabolomics, and advanced imaging with machine-learning-based analytics,
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these approaches offer promising strategies for earlier disease detection, higher-accuracy
risk stratification, and personalized therapeutic decision-making. This review also critically
discusses the current limitations, including data integration, standardization, and clinical
validation, that must be addressed before widespread implementation. Collectively, the
articles in this Special Issue illustrate how advances in molecular diagnostics, metabolism,
pharmacogenomics, and data-driven approaches are redefining the current approaches in
nephrology. Importantly, the articles advance our understanding of disease mechanisms,
which can be translated into clinically meaningful strategies for risk assessment, treatment
optimization, and complication management.

By covering diverse aspects of kidney disease, ranging from dialysis-related metabolic
and cardiovascular complications to transplant immunology and advanced diagnostics,
this Special Issue underscores the need for a multidisciplinary approach to kidney disease.
Future research on kidney disease diagnostics and treatment should prioritize longitudinal
and real-world studies that capture disease trajectories over time. Integrating molecular
biomarkers with clinical phenotypes will be essential for advancing precision nephrology.
In addition, the development of Al-assisted diagnostic tools and genotype-guided therapies
would be promising for improving individualized patient care. Finally, close collaboration
among basic scientists, clinicians, and data scientists will be critical to overcoming the
existing translational hurdles. In conclusion, this Special Issue provides a timely overview
of the recent advances in the diagnosis and treatment of kidney diseases while highlighting
persistent challenges and future opportunities. We hope that these studies will stimulate
further research and contribute to the continued evolution of diagnostic and therapeutic
strategies in nephrology from concept to routine clinical care.
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