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Abstract

This article provides a comprehensive analysis of the pathogenetic mechanisms, epidemiological
burden, diagnostic approaches, and evidence-based treatment strategies for anemia coexisting with
heart failure, with special emphasis on the clinical context of the Fergana Valley region. The
cardiorenal anemia syndrome, hepcidin-mediated iron sequestration, erythropoietin resistance, and
chronic neurohormonal activation are identified as the principal pathogenetic drivers worsening both
conditions synergistically.

Keywords: heart failure, iron deficiency anemia, cardiorenal syndrome, hepcidin, ferric
carboxymaltose, erythropoietin, transferrin saturation, ejection fraction, AFFIRM-AHF,
neurohormonal activation, intravenous iron, hemoglobin, ferritin, NYHA classification, Central Asia
cardiovascular burden

Introduction

Heart failure (HF) and anemia represent two of the most prevalent and clinically interrelated
conditions encountered in internal medicine and cardiology. Globally, HF affects an estimated 64.3
million individuals, and anemia is found in 30 to 50 percent of this population, with prevalence rising
sharply as functional class deteriorates. Uzbekistan registers more than 1.5 million acute and chronic
cardiovascular disease cases annually, with newly diagnosed cases exceeding half a million each year,
and over the past decade the primary incidence rate has increased 1.4 times. Cardiovascular disease
incidence and prevalence in Central Asia show increasing trends in both urban and rural areas, with
consistently high mortality rates, and key modifiable risk factors including hypertension, obesity,
dyslipidemia, and smoking remain prevalent, particularly in rural settings. The Fergana Valley, as
one of the most densely populated regions in Central Asia with historically limited specialist
cardiology infrastructure, faces a disproportionate burden of this dual pathology. Iron deficiency is a
common comorbidity in heart failure, affecting nearly 50 percent of patients and worsening
symptoms, exercise capacity, and prognosis. Understanding this intersection - from its molecular
underpinnings to its regional epidemiological context - is therefore both scientifically urgent and
practically indispensable for clinicians in the Fergana Valley and across Uzbekistan.
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Literature Review

The foundational framework for understanding anemia in heart failure was established through
several landmark contributions. Horwich et al. (2002) published one of the first large registry-based
analyses demonstrating that anemia is independently associated with significantly worse symptoms,
greater functional impairment, and increased mortality in patients with advanced heart failure. Anker
S.D. and Comin Colet J. (2009) conducted pivotal work showing that iron deficiency - even in the
absence of anemia - independently predicts exercise intolerance and adverse outcomes in HF patients,
fundamentally reframing iron deficiency as a primary therapeutic target rather than a mere laboratory
finding. The FAIR-HF trial (Anker et al., 2009) and subsequently the CONFIRM-HF and AFFIRM-
AHF trials demonstrated that intravenous ferric carboxymaltose significantly improves quality of life,
exercise capacity, and reduces HF hospitalization rates. Ponikowski P. and colleagues (2023 ESC
Guidelines update) formalized intravenous iron supplementation as a Class I recommendation for
symptomatic iron-deficient patients with HFrEF. Rizzo C. and Passantino A. (2021) provided a
comprehensive review consolidating the clinical evidence for ID treatment in HF. Tkaczyszyn M. et
al. (2023) further evaluated whether further randomized trials are needed and analyzed individual
patient data from multiple trials confirming the benefit of intravenous iron across a broad spectrum
of HFTEF patients.

Main Body

The relationship between anemia and heart failure is not unidirectional but bidirectional and self-
reinforcing - a vicious cycle in which each condition accelerates the other's progression through
distinct yet interlocking mechanisms. Reduced cardiac output and erythropoietin insufficiency. In
heart failure with reduced ejection fraction (HFrEF), diminished cardiac output reduces renal
perfusion. The peritubular fibroblasts of the renal cortex, responsible for synthesizing approximately
90 percent of circulating erythropoietin (EPO), respond to this relative hypoxia by increasing EPO
secretion. However, renal blood flow in CHF is relatively maintained until the late stages of the
syndrome, especially when receiving angiotensin-converting enzyme inhibition, and EPO production
does not seem to correlate with effective renal plasma flow. As heart failure advances, this
compensatory mechanism fails, and EPO production becomes insufficient to sustain normal
erythropoiesis. Hepcidin-mediated iron sequestration. Chronic heart failure is a state of persistent
low-grade systemic inflammation. IL-6 activates the synthesis of the acute phase protein hepcidin in
the liver, which is involved in the downregulation of ferroportin, decreasing duodenal iron absorption
and the release of iron from its stores in the reticuloendothelial system, giving rise to functional and
absolute iron deficiency anemia. This mechanism is of particular relevance in the Fergana Valley
population, where nutritional iron adequacy may already be suboptimal in certain demographic
groups, making hepcidin-driven iron sequestration a compounding pathogenetic layer.
Neurohormonal activation and the cardiorenal anemia triangle. The pathologic triangle formed by
chronic heart failure, chronic kidney disease, and anemia carries high morbidity and mortality rates
and decreases quality of life, with total prevalence in cardiorenal syndrome ranging from 5 to 55
percent. Data from a population of more than one million patients show a two-year mortality risk that
increased from 27 percent in patients with heart failure alone, to 35 percent in those with heart failure
and anemia, 38 percent in those with both chronic kidney disease and heart failure, and 46 percent in
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the cardiorenal anemia syndrome. These figures underscore the additive and synergistic lethality of
this triad. Renin-angiotensin-aldosterone system (RAAS) inhibitors - cornerstone agents in HF
therapy - paradoxically contribute to anemia by suppressing EPO synthesis and reducing red blood
cell production, creating a pharmacological tension that clinicians must navigate carefully. Cytokine-
mediated EPO resistance. Elevated levels of TNF-alpha, IL-6, and IL-1 found in heart failure patients
are linked with poorer prognosis and outcomes, and these cytokines inhibit erythropoietin-stimulating
agent-dependent erythropoietic processes in the bone marrow, causing EPO resistance, while also
inhibiting iron remobilization through hepcidin production and decreasing endogenous EPO
production in the kidney. This means that even when EPO levels are elevated, the bone marrow may
respond inadequately - explaining why hemoglobin may fall despite rising EPO.

Accurate diagnosis of anemia in the context of heart failure requires a layered approach that
distinguishes between absolute iron deficiency, functional iron deficiency, and anemia of chronic
disease - three overlapping but pathophysiologically distinct entities.

The 2023 European Society of Cardiology guidelines define iron deficiency in HF as either absolute
deficiency (serum ferritin < 100 pg/L) or functional deficiency (ferritin 100-299 pg/L with transferrin
saturation below 20 percent). Current diagnostic criteria for ID in HF include absolute deficiency
with ferritin below 100 pg/L and functional deficiency with ferritin 100-299 pg/L and transferrin
saturation below 20 percent. Relying on hemoglobin alone is insufficient: iron deficiency remains
under-recognised and under-treated in clinical practice, likely due in part to a lack of practical
guidance for clinicians. In the Fergana Valley setting, where laboratory infrastructure may be variable
across district hospitals and rural health facilities, a practical minimum diagnostic panel should
include: complete blood count with reticulocyte index; serum ferritin and transferrin saturation
(TSAT); serum creatinine and estimated GFR to assess renal contribution; and BNP or NT-proBNP
to stratify HF severity. Echocardiography for ejection fraction measurement, where available, directly
informs therapeutic decision-making, since treatment efficacy data from major trials predominantly
relate to HFrEF (EF 40%).

Intravenous iron as the primary therapeutic modality. While oral iron therapy has limited efficacy,
intravenous iron, particularly ferric carboxymaltose and ferric derisomaltose, improves symptoms
and exercise tolerance and reduces hospitalizations, and intravenous iron is the preferred therapeutic
approach. The mechanistic rationale is clear: intestinal congestion in heart failure impairs oral iron
absorption, while chronic inflammation and elevated hepcidin further block enteral iron uptake.
Intravenous delivery bypasses all of these barriers. A Bayesian meta-analysis combining individual
patient data from FAIR-HF, CONFIRM-HF, and AFFIRM-AHF trials with IRONMAN results,
totaling more than 3,000 patients, demonstrated that in a broad range of HFrEF patients with iron
deficiency, treatment with intravenous iron reduced the composite of HF hospitalization or
cardiovascular death. This constitutes the highest level of evidence for any intervention targeting
anemia in heart failure. Erythropoiesis-stimulating agents: a cautionary note. Despite their theoretical
rationale, erythropoiesis-stimulating agents (ESAs) have not demonstrated clinical benefit in
randomized HF trials and have been associated with increased thrombotic risk. Treatment of anemia
in patients with heart failure with erythropoiesis-stimulating agents has been evaluated intensively,
but these agents did not improve outcomes and were associated with a higher risk of adverse events.
In the cardiorenal anemia syndrome specifically, EPO resistance driven by inflammation limits their
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effectiveness, and ESA use outside of concurrent CKD context is not currently guideline-endorsed
for HF patients.

Emerging therapies. New therapeutic agents such as hypoxia-inducible factor-prolyl hydroxylase
domain inhibitors (HIF-PH inhibitors) and hepcidin antagonists are emerging as potential tools for
anemia therapy in the cardiorenal population. These agents work by stimulating endogenous EPO
production or directly blocking hepcidin to restore iron availability. While clinical data in HF-specific
populations remain limited, early results are promising and may redefine management in the coming
decade.

Results

The synthesis of available evidence and regional epidemiological data yields the following key
findings relevant to practice in the Fergana Valley.

Prevalence and severity correlation. Anemia prevalence in heart failure increases proportionally with
NYHA functional class deterioration. In NYHA Class II patients, anemia is present in approximately
25-30 percent; this rises to over 50 percent in NYHA Class IV. Given that Uzbekistan's cardiovascular
disease burden is increasing and that late-stage presentation is common in settings with limited
primary care screening, a substantial proportion of HF patients in the Fergana Valley likely harbor
undiagnosed iron deficiency or anemia. Prognostic impact is independent and substantial. Anemia is
not merely a marker of advanced disease but an independent predictor of outcomes. Patients with HF
and concurrent anemia demonstrate reduced six-minute walk distance, higher rates of re-
hospitalization, and significantly elevated two-year mortality compared to non-anemic HF patients -
all of which translate directly into greater healthcare burden in a resource-limited regional setting.
Oral vs. intravenous iron: a practical regional decision. In district hospitals and polyclinics across the
Fergana Valley, oral iron preparations are widely available, while intravenous iron formulations may
require specialist referral. However, the evidence strongly favors intravenous iron for patients with
confirmed ID and NYHA Class II-III symptoms. There are three main goals when treating patients
with HFrEF: lessening mortality, preventing recurrent hospitalizations due to HF worsening, and
improving functional capacity, clinical status, and quality of life - and intravenous iron directly
addresses all three. Regional health systems should therefore prioritize reliable access to ferric
carboxymaltose at cardiology centers. Diagnostic gaps, in regional clinical settings, transferrin
saturation testing is not routinely performed alongside ferritin measurement. This gap means that
functional iron deficiency - which may be the predominant form in HF patients with chronic
inflammation - is systematically underdiagnosed. Implementing the dual ferritin/TSAT screening
criterion as a standard protocol in all HF outpatient follow-up visits is the single most impactful
diagnostic improvement available at low cost.

Discussion

The management of anemia in patients with heart failure in the Fergana Valley represents a clinical
challenge at the intersection of epidemiology, pathophysiology, and healthcare infrastructure. Three
key themes emerge from this analysis that are directly relevant to regional clinical practice. First, the
paradigm shift from "treating hemoglobin" to "treating iron" represents the most important conceptual
advance of the past decade. The evidence from major trials consistently shows that correcting iron
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deficiency - irrespective of whether frank anemia is present - improves exercise capacity, reduces
hospitalizations, and enhances quality of life. This means that a patient with HFrEF, ferritin of 80
pg/L, and a hemoglobin of 12.5 g/dL - technically not anemic by WHO criteria - should still be
considered for intravenous iron therapy and screened using the 2023 ESC criteria. Second, the
cardiorenal dimension of anemia in HF warrants systematic renal function assessment in every HF
patient presenting with low hemoglobin. In the Fergana Valley, hypertension-related chronic kidney
disease is prevalent, and its contribution to anemia via EPO insufficiency and hepcidin upregulation
adds a further pathological layer that oral iron therapy alone cannot address. Collaboration between
cardiologists, nephrologists, and hematologists - through a structured multidisciplinary approach - is
essential for optimal management of these complex patients. Third, prevention must be integrated
into primary care. Patients with established cardiovascular risk factors - hypertension, diabetes,
obesity - who have not yet developed HF should receive annual hemoglobin and ferritin screening.
Strengthening epidemiological monitoring and implementing region-specific prevention programs
targeting modifiable risk factors are imperative for reducing cardiovascular disease morbidity and
mortality in Central Asia. Nutritional counseling, early iron supplementation in at-risk populations,
and optimization of dietary iron intake represent preventive measures that are entirely achievable
within the existing primary care infrastructure of the Fergana Valley. The forthcoming availability of
newer iron formulations such as ferric derisomaltose, which allows high-dose administration in a
single infusion, may further simplify outpatient management and reduce the logistical barriers
currently limiting intravenous iron access in regional centers.

Anemia in the setting of heart failure represents a multifactorial, bidirectionally reinforcing
pathological state driven by hepcidin-mediated iron sequestration, erythropoietin insufficiency,
chronic neurohormonal activation, and cardiorenal crosstalk. In the Fergana Valley, the rising
cardiovascular disease burden combined with incomplete implementation of modern diagnostic and
therapeutic protocols creates a critical gap between available evidence and actual clinical practice.
Intravenous iron therapy - particularly ferric carboxymaltose - is the most evidence-based and
clinically impactful intervention currently available for iron-deficient heart failure patients, regardless
of whether frank anemia is present. Bridging the diagnostic gap by routinely measuring both ferritin
and transferrin saturation, and ensuring reliable regional access to intravenous iron formulations, are
the two most achievable steps toward meaningfully improving outcomes for this patient population
in Uzbekistan's Fergana Valley.
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