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Anemia is a common and debilitating complication of chronic kidney disease (CKD), contributing significantly to morbidity, mortality, and reduced quality of life. Its pathophysiology is multifactorial, primarily driven by insufficient erythropoietin production, iron deficiency, and chronic inflammation. Over the past decades, management strategies have evolved from traditional erythropoiesis-stimulating agents (ESAs) and iron supplementation to the emergence of novel hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs). ESAs remain the cornerstone of therapy, effectively improving hemoglobin levels and reducing transfusion dependence. However, safety concerns regarding cardiovascular risks and potential tumor progression have prompted cautious use and exploration of alternative options. Intravenous iron formulations, including newer preparations with improved safety profiles, have enhanced iron bioavailability and reduced infusion-related adverse events. HIF-PHIs represent a major advancement by promoting endogenous erythropoietin synthesis, improving iron metabolism, and attenuating inflammation-related anemia, with growing evidence supporting their efficacy in both dialysis and non-dialysis CKD patients. Despite these innovations, individualized treatment remains critical—balancing hemoglobin targets, iron status, comorbidities, and patient-reported outcomes. Current clinical trials are expanding the evidence base for newer agents, assessing long-term safety, cardiovascular outcomes, and quality-of-life benefits. This review summarizes the evolving landscape of anemia management in CKD, highlighting mechanisms, therapeutic efficacy, and outcome implications of traditional and emerging agents. Future directions emphasize optimizing combination therapy, addressing residual risks, and developing personalized treatment algorithms that align with evolving clinical guidelines and patient-centered care. Ultimately, integrated and evidence-based anemia management has the potential to improve survival, functional status, and overall disease prognosis in individuals living with CKD.
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Introduction
Anemia remains one of the most prevalent and clinically significant complications in patients with chronic kidney disease (CKD), affecting nearly 90% of those with advanced stages of renal impairment (KidneyDisease: Improving Global Outcomes [KDIGO], 2012). The burden of anemia in CKD extends far beyond the reduction in hemoglobin levels; it contributes to fatigue, decreased exercise tolerance, cognitive impairment, and diminished quality of life (Li et al., 2025). Moreover, anemia is closely linked to increased risks of hospitalization, cardiovascular morbidity, and mortality (Singh et al., 2006). The pathophysiology of CKD-related anemia is multifactorial, encompassing inadequate erythropoietin (EPO) production due to impaired renal function, iron deficiency, inflammation-induced iron sequestration, shortened red blood cell lifespan, and nutritional deficiencies (KDIGO, 2012). Understanding and effectively managing anemia in CKD is therefore a critical aspect of comprehensive renal care, aiming not only to correct hemoglobin levels but also to improve functional outcomes and long-term survival.
The management of anemia in CKD has evolved substantially over the past few decades (Warner & Weyand, 2022). Initially, blood transfusions were the mainstay of treatment, but their limitations—including the risk of sensitization, iron overload, and transmission of infections—necessitated the development of safer and more targeted therapies. The introduction of erythropoiesis-stimulating agents (ESAs) in the late 1980s revolutionized anemia management by directly addressing the erythropoietin deficiency in CKD (Drüeke et al., 2006). ESAs such as epoetin alfa and darbepoetin alfa effectively increased hemoglobin concentrations, reduced the need for transfusions, and improved patients’ quality of life. However, subsequent large-scale clinical trials revealed significant safety concerns. The CREATE (Drüeke et al., 2006), CHOIR (Singh et al., 2006), and TREAT (Pfeffer et al., 2009) trials demonstrated that targeting near-normal hemoglobin levels with high ESA doses was associated with higher risks of cardiovascular events, stroke, and mortality. These findings reshaped clinical guidelines, emphasizing individualized therapy and more conservative hemoglobin targets (KDIGO, 2012).
Iron supplementation, both oral and intravenous, remains a cornerstone of anemia management in CKD, given the high prevalence of iron deficiency in this population (DeLoughery et al., 2024). Iron deficiency may arise from inadequate dietary intake, reduced gastrointestinal absorption, or chronic inflammation that limits iron bioavailability through hepcidin-mediated sequestration (Bazeley, Koury, & Agarwal, 2022). Several trials have investigated optimal iron replacement strategies, with recent evidence favoring intravenous formulations over oral routes due to superior efficacy and tolerability (Stoffel et al., 2020). The PIVOTAL trial demonstrated that proactive, high-dose intravenous iron administration in hemodialysis patients reduced the need for ESAs and transfusions without increasing the risk of infections or cardiovascular complications (Macdougall et al., 2019). Similarly, the FIND-CKD trial confirmed the benefits of intravenous ferric carboxymaltose over oral iron in improving hemoglobin levels and reducing the need for additional anemia therapy in non-dialysis CKD patients (Macdougall et al., 2014). These findings have prompted a paradigm shift toward early and proactive iron repletion strategies, integrated with ESA use, to optimize anemia correction while mitigating cardiovascular risks.
Despite these advances, challenges persist with conventional ESA and iron therapies. ESA resistance remains a significant clinical problem, often driven by chronic inflammation, iron deficiency, or comorbidities such as diabetes and cardiovascular disease (Locatelli & Del Vecchio, 2023). Additionally, the administration burden, cost, and potential safety concerns associated with long-term ESA use highlight the need for newer, more physiologically based treatments. In this context, the development of hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs) marks a major breakthrough in anemia therapy. These oral agents, including roxadustat, daprodustat, and vadadustat, act by stabilizing hypoxia-inducible factors, thereby stimulating endogenous erythropoietin production, enhancing iron absorption, and reducing hepcidin levels (Stoumpos, O’Callaghan, & Taal, 2024). Unlike ESAs, which deliver supraphysiologic doses of erythropoietin, HIF-PHIs mimic the body’s natural response to hypoxia, potentially offering a safer and more balanced correction of anemia (Yang & Davis, 2022).
Clinical trials have provided encouraging results regarding the efficacy and safety of HIF-PHIs in both dialysis and non-dialysis CKD populations. Roxadustat was shown to significantly increase hemoglobin levels in non-dialysis CKD patients compared to placebo, while also improving iron metabolism and reducing the need for intravenous iron supplementation (Chen et al., 2019). Similarly, daprodustat demonstrated comparable efficacy to epoetin alfa, with additional benefits related to lipid metabolism and inflammatory markers (Singh et al., 2021). Vadadustat has also shown non-inferiority to darbepoetin alfa in terms of hemoglobin correction, although some studies have reported concerns about cardiovascular safety in specific subgroups (Chertow et al., 2021). Meta-analyses suggest that HIF-PHIs are generally well tolerated, with lower requirements for exogenous iron and favorable effects on iron homeostasis, though ongoing long-term safety monitoring remains crucial (Chen, Chen, & Li, 2023; Tyagi, Patel, & Mehta, 2025).
The mechanistic advantages of HIF-PHIs extend beyond erythropoiesis. By modulating the hypoxia signaling pathway, these agents enhance intestinal iron absorption, suppress hepcidin expression, and promote mobilization of iron from stores, thereby addressing both functional and absolute iron deficiency (Yang & Davis, 2022). Furthermore, HIF-PHIs have been associated with anti-inflammatory effects and potential improvements in lipid metabolism, which may have broader implications for cardiovascular outcomes (Fishbane & Spinowitz, 2021). Nonetheless, questions remain regarding their long-term impact on tumor progression, retinopathy, and pulmonary hypertension, underscoring the importance of post-marketing surveillance and ongoing phase 4 studies (Stoumpos et al., 2024).
Anemia management in CKD today thus represents a delicate balance between efficacy, safety, and individualized patient needs. The KDIGO guidelines emphasize maintaining hemoglobin levels sufficient to alleviate anemia-related symptoms and avoid transfusions, rather than striving for complete normalization (KDIGO, 2012). This approach reflects lessons learned from earlier ESA trials and aligns with contemporary principles of risk mitigation. Treatment decisions now consider factors such as iron status, comorbidities, cardiovascular risk profile, inflammation, and patient preferences. In addition, recent therapeutic innovations have introduced a more nuanced understanding of iron metabolism and erythropoiesis regulation, supporting integrated strategies that combine iron therapy, ESA or HIF-PHI use, and management of underlying inflammatory states.
The emergence of HIF-PHIs has reinvigorated interest in redefining anemia treatment paradigms in CKD, with growing evidence suggesting that these agents can achieve effective hemoglobin correction with potentially fewer cardiovascular risks and reduced dependence on parenteral iron. However, translating these findings into clinical practice requires a careful appraisal of cost-effectiveness, accessibility, and long-term safety in diverse patient populations. As novel data continue to emerge, clinicians must remain informed about the comparative benefits and limitations of each therapeutic approach to tailor treatment effectively. Ultimately, the evolving landscape of anemia management in CKD reflects a broader shift toward precision medicine—where treatment choices are guided by patient-specific biological, clinical, and lifestyle factors to optimize outcomes and quality of life.

Methods
This review was conducted to synthesize current evidence on anemia management in patients with chronic kidney disease (CKD), with a focus on evolving therapeutic modalities and their clinical outcomes. A comprehensive literature search was performed using PubMed, Scopus, and Google Scholar databases to identify relevant studies published between 2010 and 2025. The search strategy combined Medical Subject Headings (MeSH) and free-text terms, including “chronic kidney disease,” “anemia,” “erythropoiesis-stimulating agents,” “iron therapy,” “hypoxia-inducible factor prolyl hydroxylase inhibitors,” and “clinical outcomes.” Boolean operators (AND, OR) were used to refine the search and include variations of the key terms.
Only articles published in English were included. Eligible studies encompassed randomized controlled trials (RCTs), cohort studies, meta-analyses, systematic reviews, and relevant clinical guidelines. Inclusion criteria were: (1) studies involving adult CKD patients (both dialysis and non-dialysis populations); (2) evaluation of anemia management strategies such as ESAs, iron supplementation, or HIF-PHIs; and (3) reporting of clinical outcomes including hemoglobin response, cardiovascular events, mortality, or quality of life. Exclusion criteria included pediatric populations, case reports, editorials, and animal studies.
Two reviewers independently screened titles and abstracts, followed by full-text evaluation for eligibility. Discrepancies were resolved through consensus. Data were extracted systematically, including study design, sample size, intervention type, treatment duration, and major clinical outcomes. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed to ensure methodological rigor.
The findings were organized into thematic sections: (1) pathophysiology of anemia in CKD, (2) conventional treatment approaches, (3) novel therapeutic agents, and (4) comparative effectiveness and safety outcomes. Results were narratively synthesized due to heterogeneity in study design and outcome measures. Emphasis was placed on the evolving role of new therapeutic agents, emerging clinical evidence, and implications for guideline-directed patient management.

Results
The management of anemia in chronic kidney disease (CKD) has evolved substantially over the past two decades, driven by improved understanding of its pathophysiology and the safety limitations of traditional therapies. Early reliance on erythropoiesis-stimulating agents (ESAs) and iron supplementation significantly improved patient outcomes but also revealed cardiovascular and mortality risks when used aggressively to normalize hemoglobin levels. Subsequent clinical trials and meta-analyses have provided valuable insights that have reshaped treatment paradigms, emphasizing individualized and risk-balanced approaches to anemia correction.
The Kidney Disease: Improving Global Outcomes (KDIGO) guidelines (2012) remain the foundational reference for clinical decision-making in anemia management, recommending initiation of ESA therapy when hemoglobin falls below 10 g/dL and advising against normalization of hemoglobin due to increased cardiovascular events (Kidney Disease: Improving Global Outcomes [KDIGO], 2012). The recommendations emerged from landmark studies that evaluated the safety and efficacy of ESAs. The Correction of Hemoglobin and Outcomes in Renal Insufficiency (CHOIR) trial demonstrated that targeting higher hemoglobin levels with epoetin alfa (13.5 g/dL) compared to lower targets (11.3 g/dL) led to increased risk of death, heart failure, and stroke without survival benefit (Singh et al., 2006). Similarly, the CREATE trial reported that normalization of hemoglobin did not improve cardiovascular outcomes and was associated with earlier initiation of dialysis (Drüeke et al., 2006). The TREAT trial, involving darbepoetin alfa in diabetic CKD patients, further confirmed that higher hemoglobin correction increased stroke risk without reducing cardiovascular morbidity or mortality (Pfeffer et al., 2009). Collectively, these studies established a cautious approach toward ESA use, emphasizing moderate correction and avoidance of hemoglobin normalization.
Parallel to ESA development, advances in iron therapy have refined the management of iron deficiency anemia, which frequently coexists with CKD due to reduced intestinal absorption, inflammation, and blood loss. The PIVOTAL trial marked a turning point by demonstrating that proactive high-dose intravenous (IV) iron administration in hemodialysis patients reduced the need for ESAs and transfusions, while lowering the incidence of major adverse cardiovascular events compared with a reactive, low-dose regimen (Macdougall et al., 2019). These findings provided strong evidence for the safety and cardiovascular benefit of more liberal IV iron use under close monitoring. In non-dialysis CKD populations, the FIND-CKD trial compared intravenous ferric carboxymaltose with oral iron therapy, showing superior hemoglobin responses and reduced ESA requirements in the IV iron group, with no significant safety concerns (Macdougall et al., 2014). These results reinforced the role of IV iron as an effective and safe treatment for CKD-related anemia, particularly in patients intolerant to oral iron or unresponsive to ESA therapy.
Despite these advances, ESA hyporesponsiveness, inflammation-related anemia, and iron-restricted erythropoiesis remained unresolved clinical challenges, prompting the development of hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs). These agents stimulate endogenous erythropoietin production by stabilizing hypoxia-inducible factors (HIFs), enhance iron metabolism by reducing hepcidin, and improve iron utilization efficiency. A series of pivotal clinical trials have demonstrated their effectiveness across diverse CKD populations. Chen et al. (2019) evaluated roxadustat in non-dialysis CKD patients and reported significant increases in hemoglobin compared with placebo, along with improved iron parameters such as transferrin saturation and serum ferritin reduction, indicating enhanced iron mobilization. Similar findings were observed in the study by Fishbane and Spinowitz (2021), which consolidated phase 3 data showing that roxadustat effectively corrected anemia in both dialysis and non-dialysis patients, while reducing reliance on IV iron supplementation.
Further expanding the evidence base, Singh et al. (2021) assessed daprodustat in non-dialysis CKD patients and found comparable hemoglobin efficacy to traditional ESAs with a favorable safety profile. The study demonstrated that daprodustat improved iron handling by reducing hepcidin levels and increasing total iron-binding capacity. Likewise, Chertow et al. (2021) examined vadadustat in non-dialysis CKD patients and reported non-inferiority to darbepoetin alfa in maintaining hemoglobin, though regional differences in cardiovascular outcomes prompted ongoing safety evaluations. These findings collectively support the clinical viability of HIF-PHIs as a new therapeutic class for anemia management, offering a more physiologic erythropoietic response and addressing limitations of conventional therapies.
The mechanistic and translational significance of HIF-PHIs has been further elucidated in recent reviews and meta-analyses. Stoumpos et al. (2024) outlined that HIF-PHIs exert multifaceted effects beyond erythropoiesis, including modulation of iron metabolism, angiogenesis, and oxidative stress. Their oral route of administration enhances patient adherence, particularly in non-dialysis settings where parenteral therapies pose logistic challenges. However, the review also underscored the need for vigilant post-marketing surveillance given potential long-term risks such as thromboembolic events and tumor progression. A meta-analysis by Chen et al. (2023) involving over 10,000 participants found no significant increase in cardiovascular mortality or serious adverse events with HIF-PHIs compared to ESAs, although heterogeneity among individual agents and study designs warrants cautious interpretation.
Further evidence by Yang and Davis (2022) demonstrated that HIF-PHIs not only elevate hemoglobin levels but also optimize iron mobilization through suppression of hepcidin and enhancement of duodenal iron absorption. This dual action potentially reduces dependency on IV iron therapy and ESA co-administration, marking an advantage over conventional regimens. Complementary data from Tyagi et al. (2025) provided a comprehensive meta-analysis of phase 3 and post-marketing trials, confirming the efficacy and safety of HIF-PHIs in diverse CKD cohorts, including both dialysis and pre-dialysis populations. The authors highlighted the consistent non-inferiority of roxadustat, vadadustat, and daprodustat compared to ESAs in hemoglobin maintenance, along with improved lipid metabolism and reduced inflammatory marker levels.
In parallel, emerging therapies targeting iron metabolism continue to advance. Bazeley et al. (2022) reviewed novel intravenous iron formulations and oral agents, such as ferric maltol and sucrosomial iron, which exhibit improved bioavailability and tolerability compared with traditional preparations. These agents may provide additional flexibility in tailoring anemia therapy, particularly for patients with variable absorption capacities or adverse reactions to IV iron. As the anemia management landscape diversifies, integrating iron-based and HIF-mediated approaches could yield synergistic effects, reducing ESA doses while achieving sustained hemoglobin stability.
Overall, the cumulative evidence underscores a paradigm shift in CKD-related anemia therapy toward individualized, mechanism-based interventions. Traditional ESA and iron therapies remain foundational but are increasingly complemented or replaced by HIF-PHIs that offer comparable efficacy with potentially fewer cardiovascular risks. The transition to HIF-PHI-based regimens aligns with a broader movement in nephrology toward precision medicine—considering genetic, biochemical, and clinical determinants to optimize therapy. The current literature suggests that, when applied judiciously, HIF-PHIs improve not only hematologic indices but also patient-reported outcomes such as fatigue and quality of life.
Nonetheless, certain challenges persist. Long-term safety data, particularly concerning malignancy risk, thrombosis, and metabolic effects, are still being accumulated through extended follow-up studies (Tyagi et al., 2025). Economic factors also influence adoption, as HIF-PHIs’ cost-effectiveness relative to generic ESA formulations remains under evaluation. Moreover, variations in national regulatory approvals and clinical practice guidelines will shape global implementation. The KDIGO initiative and ongoing phase 4 surveillance studies will likely provide future direction for integrating these agents into standardized treatment algorithms.

Discussion
Anemia management in chronic kidney disease (CKD) remains a critical component of comprehensive patient care due to its significant contribution to morbidity, mortality, and reduced quality of life. Over the past two decades, therapeutic strategies have evolved substantially, shifting from reliance on erythropoiesis-stimulating agents (ESAs) and iron supplementation to the integration of hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs). The goal has been to improve hemoglobin correction while minimizing adverse cardiovascular outcomes and treatment burdens. A comprehensive appraisal of key clinical trials and guidelines provides insight into the evolution and optimization of anemia therapy in CKD.
The Kidney Disease: Improving Global Outcomes (KDIGO) 2012 guideline remains the foundational reference for anemia management in CKD, emphasizing individualized therapy and recommending conservative hemoglobin targets between 10 and 11.5 g/dL to minimize cardiovascular risks associated with ESA overtreatment (Kidney Disease: Improving Global Outcomes [KDIGO], 2012). Earlier enthusiasm for complete hemoglobin normalization was tempered by pivotal trials such as CREATE and CHOIR, which revealed increased cardiovascular events without survival benefits when higher hemoglobin targets were pursued (Drüeke et al., 2006; Singh et al., 2006). The TREAT trial further reinforced these findings by showing that darbepoetin alfa use in diabetic CKD patients increased the risk of stroke despite achieving modest improvements in fatigue and quality of life (Pfeffer et al., 2009). These studies collectively established that ESA therapy, though effective for reducing transfusion dependence, should be judiciously applied to avoid iatrogenic harm.
Iron supplementation remains an integral adjunct in anemia correction. Historically, oral iron was preferred due to its convenience and lower cost; however, poor gastrointestinal absorption and intolerance limited its efficacy in CKD patients, especially in advanced stages. Intravenous (IV) iron formulations have since become a mainstay, with trials demonstrating improved hemoglobin response and iron indices. The PIVOTAL trial provided robust evidence favoring a proactive high-dose IV iron regimen over a conservative approach, showing reduced need for ESAs and transfusions without increasing infection or cardiovascular risk (Macdougall et al., 2019). Similarly, the FIND-CKD study compared intravenous ferric carboxymaltose with oral iron in non-dialysis CKD patients and found superior efficacy and safety with the IV formulation (Macdougall et al., 2014). These findings have reshaped iron management practices, highlighting that adequate iron availability is essential for optimal erythropoietic response and minimizing ESA exposure.
Despite the effectiveness of ESAs and IV iron, several challenges persist, including ESA resistance, iron overload, inflammation-mediated functional iron deficiency, and adverse cardiovascular outcomes. These limitations spurred the development of novel agents that mimic physiological hypoxia responses. Hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs) represent a paradigm shift by stabilizing HIF transcription factors, thereby upregulating endogenous erythropoietin production, enhancing intestinal iron absorption, and modulating hepcidin levels to improve iron utilization (Stoumpos et al., 2024). Clinical trials have demonstrated promising efficacy and safety profiles for multiple HIF-PHIs, including roxadustat, daprodustat, and vadadustat.
Chen et al. (2019) reported that roxadustat effectively increased hemoglobin levels in non-dialysis CKD patients compared to placebo, with additional benefits of lowering hepcidin and improving iron metabolism. Phase 3 trials have corroborated these findings, showing that roxadustat provides stable hemoglobin maintenance with reduced need for IV iron supplementation and without significant increase in cardiovascular events (Fishbane & Spinowitz, 2021). Similarly, Singh et al. (2021) demonstrated that daprodustat was non-inferior to placebo in achieving target hemoglobin levels in non-dialysis CKD patients, while Chertow et al. (2021) confirmed comparable efficacy for vadadustat. However, long-term cardiovascular outcomes remain an area of scrutiny, as variations in study populations and background therapies complicate risk assessment.
Meta-analyses have sought to clarify the overall safety profile of HIF-PHIs. Chen, Chen, and Li (2023) synthesized data from multiple randomized controlled trials and found no significant increase in all-cause mortality or cardiovascular events compared to ESAs, though a trend toward higher thromboembolic events in certain subgroups was noted. More recently, Tyagi, Patel, and Mehta (2025) conducted a comprehensive meta-analysis of phase 3 and later studies, reaffirming that HIF-PHIs provide consistent hemoglobin correction with neutral cardiovascular effects and favorable iron metabolism outcomes. These findings suggest that HIF-PHIs may become the preferred therapy in patients with ESA resistance, inflammation-related anemia, or intolerance to IV iron.
Mechanistically, HIF-PHIs confer additional physiological advantages beyond erythropoiesis. They downregulate hepcidin, increase intestinal iron absorption, and mobilize iron from storage pools, effectively overcoming functional iron deficiency (Yang & Davis, 2022). They also induce a more physiologic erythropoietin production pattern compared to ESAs, which often generate supraphysiologic peaks linked to vascular risks. Nonetheless, theoretical concerns about chronic HIF stabilization—such as tumor progression, pulmonary hypertension, and retinopathy—warrant long-term post-marketing surveillance (Stoumpos et al., 2024).
The growing therapeutic landscape underscores the importance of individualized treatment approaches. For dialysis-dependent patients, combining moderate ESA doses with proactive IV iron therapy remains effective and supported by strong evidence (Macdougall et al., 2019). For non-dialysis CKD patients, especially those with poor ESA response or limited access to IV iron, HIF-PHIs offer a promising oral alternative that aligns with patient preferences and resource constraints. Integrated anemia management should consider patient comorbidities, inflammation status, iron parameters, and cardiovascular risk profiles. As Bazeley, Koury, and Agarwal (2022) emphasized, newer iron formulations and regulatory strategies must be incorporated into dynamic treatment algorithms to ensure safety and sustainability.
From a clinical outcomes perspective, anemia correction extends beyond hemoglobin normalization. Improved oxygen delivery enhances physical capacity, cognitive function, and quality of life—critical goals in CKD care. However, the balance between efficacy and safety remains delicate. The KDIGO (2012) guideline continues to advocate for individualized targets and careful monitoring, principles that remain valid despite therapeutic innovations. Future guideline updates will likely integrate evidence from ongoing HIF-PHI trials and real-world data to refine treatment recommendations further.
Cost-effectiveness and accessibility also influence therapy adoption, particularly in low-resource settings where dialysis and IV iron availability are limited. Oral HIF-PHIs could transform global anemia management if pricing and long-term safety prove favorable. Additionally, further research into combination strategies—using lower ESA doses with HIF-PHIs or selective iron modulation—could optimize outcomes while minimizing risk and cost.

Conclusion 
In summary, anemia management in CKD has evolved from a one-dimensional focus on hemoglobin correction to a multifaceted, patient-centered approach emphasizing safety, physiological restoration, and quality of life. The transition from ESAs and IV iron to HIF-PHIs reflects an era of precision nephrology, integrating molecular insights with clinical pragmatism. While traditional therapies remain vital, HIF-PHIs introduce an adaptable, mechanistically distinct option that addresses longstanding challenges in ESA responsiveness and iron metabolism. Continued clinical vigilance, long-term surveillance, and updated practice guidelines will be essential to fully realize their potential. Ultimately, the integration of evidence-based therapies promises improved outcomes for CKD patients worldwide, marking a significant stride in the quest for balanced, effective, and sustainable anemia care.
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