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Abstract 

Background: 

 Subclinical iron deficiency is common in physically active populations, especially among 

female and endurance athletes, and may impair oxygen transport, mitochondrial energy 

production, and training adaptation before anemia develops. Exercise-related mechanisms 

(hemolysis, gastrointestinal loss, hepcidin-mediated reduced absorption) and dietary factors 

contribute to chronically low iron stores. 

Aim: 

 To summarize evidence on diagnostic criteria, physiological and performance-related 

consequences, and management strategies for subclinical iron deficiency in athletes. 
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Methods: 

 A narrative review of peer-reviewed human studies was conducted using PubMed, Scopus, 

Web of Science, SPORTDiscus, CINAHL, and the Cochrane Library (inception-February 

2025). Studies in competitive or highly trained athletes reporting diagnostic approaches, 

prevalence, performance or health outcomes, or management strategies were included. 

Results: 

 Diagnostic criteria vary, with ferritin cut-offs of 20 - 40 μg/L most often used and limited 

consensus on sport-specific thresholds or routine use of transferrin saturation, soluble 

transferrin receptor, and hepcidin. Non-anemic iron deficiency affects 10 - 35% of male and up 

to 60% of female athletes, with the highest prevalence in adolescents and endurance or aesthetic 

sports. Low iron stores are linked to reduced endurance, lower maximal aerobic capacity, 

increased fatigue, and possibly blunted training adaptation, while effects on anaerobic 

performance are inconsistent. Management emphasizes periodic screening, dietary strategies to 

improve iron bioavailability, and targeted oral supplementation timed to limit hepcidin-related 

malabsorption; intravenous iron is reserved for selected cases. 

Conclusions: 

 Subclinical iron deficiency is common, under-recognized, and clinically relevant in athletes. 

Standardized, sport-specific diagnostic criteria, early screening, and individualized, evidence-

based interventions delivered by multidisciplinary teams are essential for effective prevention 

and management. 

Key words: iron deficiency; non‑anemic iron deficiency; ferritin; athletes; sports performance; 

hepcidin; iron supplementation; endurance training 

 

 

 

1. Introduction 

Subclinical iron deficiency is increasingly recognized as a critical yet often overlooked 

determinant of athletic performance. Iron is central to oxygen transport, mitochondrial 

respiration, and cellular energy production, making optimal iron availability essential for 

endurance, recovery, and adaptation to training in both male and female athletes (Sim et al., 

2019; Nabeyama et al., 2023; Pengelly et al., 2024; Axling et al., 2020; Dutt et al., 2022; 
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Sawicki et al., 2023). At the same time, conventional clinical definitions of iron deficiency and 

anemia may fail to capture early, performance‑relevant iron depletion, leading to a growing 

interest in refining diagnostic thresholds and management strategies specifically for sport 

populations (Sim et al., 2019; Pedlar et al., 2018; Pengelly et al., 2024; Galetti et al., 2021; Foy 

et al., 2019). 

1.1. Iron Metabolism and Its Role in Athletic Performance 

Body iron is distributed mainly in hemoglobin, myoglobin, iron‑containing enzymes (including 

those of the mitochondrial respiratory chain), circulating transferrin, and storage pools (ferritin 

and hemosiderin). Through hemoglobin and myoglobin, iron enables oxygen transport from 

lungs to tissues and its effective utilization in working muscle, while iron-sulfur and heme 

enzymes support oxidative phosphorylation and ATP production in mitochondria. Regular 

intense exercise increases erythropoietic drive and total iron requirements, and athletes 

experience additional losses via gastrointestinal microbleeding, hemolysis (e.g., foot‑strike), 

sweat, and urine, as well as exercise‑induced inflammation and hepcidin‑mediated reductions 

in absorption. Consequently, even modest reductions in iron stores can impair oxygen delivery, 

oxidative enzyme function, and endurance performance before anemia develops. 

1.2. Definition of Subclinical Iron Deficiency 

Subclinical iron deficiency in athletes usually refers to iron deficiency without anemia, in 

contrast to iron deficiency anemia characterized by reduced hemoglobin. Staging models 

distinguish: (i) iron deficiency with depleted stores but normal hemoglobin and preserved 

transferrin saturation (e.g., ferritin <35 µg/L, Hb >115 g/L, transferrin saturation >16%), (ii) 

iron‑deficient non‑anemia with impaired iron supply to erythropoiesis (e.g., ferritin <20 µg/L 

and transferrin saturation <16% with normal Hb), and (iii) overt iron‑deficiency anemia with 

low ferritin and reduced Hb (Sim et al., 2019; Pedlar et al., 2018; Pengelly et al., 2024). In 

high‑level female athletes, non‑anemic iron deficiency is often defined by serum ferritin <30 - 

40 µg/L with normal hemoglobin (Sim et al., 2019; Nabeyama et al., 2023; Pedlar et al., 2018; 

Pengelly et al., 2024; Axling et al., 2020). However, there is no universal consensus, and recent 

physiological work suggests that upregulation of iron absorption may begin at ferritin values 

<50 µg/L in young women, indicating incipient deficiency at higher ferritin than traditionally 

assumed (Pengelly et al., 2024; Galetti et al., 2021). Moreover, inflammation and 

training‑induced plasma volume expansion complicate interpretation of ferritin and hemoglobin, 
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underscoring the need for athlete‑specific diagnostic criteria and multi‑marker approaches (e.g., 

including transferrin saturation, soluble transferrin receptor, and hepcidin) (Sim et al., 2019; 

Cappellini et al., 2020; Pedlar et al., 2018; Pengelly et al., 2024; Camaschella et al., 2020; 

Roemhild et al., 2021; Foy et al., 2019; Blecharz et al., 2025). 

Representative Diagnostic Thresholds in Athletes 

Concept / Stage Typical markers / thresholds (illustrative) Citations 

Iron deficiency (depleted stores) Ferritin <30 - 35 µg/L, normal Hb, TSAT 

often >16% 

(Sim et al., 2019; Roy et al., 2022; Pedlar et al., 

2018; Pengelly et al., 2024; Axling et al., 2020) 

Non‑anemic iron deficiency (IDNA) Ferritin <20 - 30 µg/L, TSAT <16 - 20%, 

normal Hb 

(Sim et al., 2019; Pedlar et al., 2018; Pengelly 

et al., 2024; Packer et al., 2024) 

Iron‑deficiency anemia (IDA) Low ferritin (often <12 - 20 µg/L) with 

reduced Hb 

(Sim et al., 2019; Cappellini et al., 2020; 

Pengelly et al., 2024) 

Incipient deficiency (physiologic) Ferritin <50 µg/L associated with upregulated 

absorption, low hepcidin 

(Pengelly et al., 2024; Galetti et al., 2021) 

Figure 1: Commonly used and physiologic ferritin thresholds relevant to athletes. 

1.3. Prevalence of Subclinical Iron Deficiency in Athletes 

Iron deficiency, with or without anemia, is common across sports. Narrative and empirical data 

indicate that 15 - 35% of female and approximately 3 - 11% of male athletes show iron 

deficiency, with smaller cohorts reporting compromised iron stores in >50% of female and up 

to 30% of male athletes (Sim et al., 2019; Roy et al., 2022; Nabeyama et al., 2023; Pedlar et al., 

2018; Axling et al., 2020). In adolescent and young adult competitive athletes, overall iron 

deficiency prevalence has been reported at ~10.9% in males and 35.9% in females, with the 

highest rates during adolescence and early adulthood (Roy et al., 2022; Cohen & Powers, 2024). 

Among university athletes in Japan, 47% of female athletes were iron‑deficient but non‑anemic 

when hypoferritinemia was defined as ferritin ≤30 ng/mL, whereas none had anemia, 

underscoring the burden of subclinical deficiency (Nabeyama et al., 2023). Endurance and 

high‑volume training appear to confer particularly high risk via greater iron losses and 

inflammatory responses (Sim et al., 2019; Nabeyama et al., 2023; Varillas-Delgado, 2025; 

Peeling et al., 2008; Cohen & Powers, 2024). Female athletes are consistently more affected 

than males due to menstrual blood loss, lower baseline iron stores, and sometimes lower dietary 

iron intake (Sim et al., 2019; Roy et al., 2022; Nabeyama et al., 2023; Pedlar et al., 2018; Axling 

et al., 2020; Cohen & Powers, 2024). Adolescents may have up to 30% higher iron requirements 

than sedentary peers, combining growth, menses, and training‑related losses (Roy et al., 2022; 

Cohen & Powers, 2024). 
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1.4. Rationale for the Review 

Despite the clear biological rationale and substantial prevalence of iron deficiency in athletic 

populations, multiple gaps persist. First, diagnostic thresholds for subclinical iron deficiency in 

athletes remain debated, with heterogeneous cut‑offs for ferritin and transferrin saturation, 

limited integration of hepcidin, and poor adjustment for inflammation, plasma volume shifts, 

sex, age, and sport‑specific demands (Sim et al., 2019; Cappellini et al., 2020; Pedlar et al., 

2018; Pengelly et al., 2024; Camaschella et al., 2020; Roemhild et al., 2021; Galetti et al., 2021; 

Foy et al., 2019). Second, the performance consequences of iron deficiency without anemia-

particularly for different types of performance (endurance, strength, anaerobic power) and at 

varying severity of iron depletion-are incompletely characterized and sometimes inconsistent 

across studies (Sim et al., 2019; Roy et al., 2022; Nabeyama et al., 2023; Pedlar et al., 2018; 

Pengelly et al., 2024; Axling et al., 2020). Third, there is no unified framework for management 

strategies that balances early intervention against the risks of unnecessary supplementation or 

iron overload, nor for tailoring strategies by sex, age, and sport (Sim et al., 2019; Cappellini et 

al., 2020; Pedlar et al., 2018; Pengelly et al., 2024; Fan, 2025; Axling et al., 2020; Cohen & 

Powers, 2024). 

A narrative synthesis that integrates contemporary insights into iron and hepcidin biology with 

athlete‑specific epidemiology and performance data is therefore warranted. This review aims 

to (i) clarify definitions and diagnostics for subclinical iron deficiency in athletes, (ii) 

summarize its prevalence and risk profiles across sex, age, and sport type, and (iii) outline 

evidence‑based management approaches relevant to sports scientists, clinicians, and support 

staff. 

2. Methods and Results 

This section outlines the narrative search and synthesizes key findings on diagnostics, 

consequences, and management of subclinical iron deficiency in athletes. 

2.1.1 Literature Search Strategy 

The literature base for this narrative review was informed by prior systematic and narrative 

reviews on iron and performance in athletes, particularly female and endurance athletes 

(Pengelly et al., 2024; Rubeor et al., 2018; Sim et al., 2019; Šmid et al., 2024; McCormick et 
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al., 2020; Heffernan et al., 2019; Pedlar et al., 2018). Core databases used in these works and 

followed here include MEDLINE/PubMed, Web of Science, Scopus, SPORTDiscus, CINAHL, 

EMBASE, Cochrane Library, and sport‑specific resources (Pengelly et al., 2024; Rubeor et al., 

2018; Sim et al., 2019; Šmid et al., 2024; Heffernan et al., 2019). 

Typical keyword combinations included “iron deficiency”, “non‑anemic iron deficiency”, 

“ferritin”, “hepcidin”, “transferrin saturation”, “soluble transferrin receptor”, “athlete*”, 

“endurance”, “sports performance”, “oral iron”, and “supplementation”, connected with 

Boolean operators such as AND/OR (e.g., “iron deficiency AND athletes AND performance”, 

“ferritin OR transferrin saturation AND supplementation”) (Pengelly et al., 2024; Rubeor et al., 

2018; Šmid et al., 2024; Heffernan et al., 2019). 

Recent systematic reviews on female athletes and oral iron supplementation set upper bounds 

of July 2023 and November 2022 for full database searches, while also including earlier 

foundational work on iron markers, diagnostics, and guidelines from 2004 - 2021 (Pengelly et 

al., 2024; Rubeor et al., 2018; Sim et al., 2019; Šmid et al., 2024; Lynch et al., 2018; Peyrin-

Biroulet et al., 2015; Mei et al., 2021; Suchdev et al., 2017). For this narrative review, emphasis 

is placed on publications from approximately 2005 onward, with inclusion of earlier landmark 

diagnostic and biomarker papers where necessary (Lynch et al., 2018; Wish, 2006; Peeling et 

al., 2008; Suchdev et al., 2017). 

2.1.2 AI. 

AI tools were additionally applied for language editing to improve grammar, style, and clarity 

in the presentation of results. All uses of AI were strictly assistive and conducted under full 

human supervision. The final interpretation of findings, classification of reasoning errors, and 

formulation of conclusions were performed exclusively by human experts in clinical medicine 

and formal logic. The role of AI was limited to supporting efficiency in data processing, pattern 

recognition, and linguistic refinement, and did not replace human judgment at any stage of the 

analytical process. 

2.2. Inclusion and Exclusion Criteria 

Evidence was drawn from observational cohorts, interventional trials (particularly randomized 

controlled trials of iron supplementation), as well as high‑quality systematic and narrative 

reviews relevant to iron status and performance in athletic or highly active populations 
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(Pengelly et al., 2024; Rubeor et al., 2018; Sim et al., 2019; Šmid et al., 2024; McCormick et 

al., 2020; Heffernan et al., 2019; Pedlar et al., 2018). 

Eligible populations included competitive athletes (youth to adult) or clearly physically active 

individuals (e.g., VO₂max >45 mL·kg⁻¹·min⁻¹ or ≥5 h·week⁻¹ training) with documented iron 

indices (Pengelly et al., 2024; Rubeor et al., 2018; Sim et al., 2019; Roy et al., 2022; Šmid et 

al., 2024). Studies confined to chronic disease states (e.g., chronic kidney disease) or 

non‑athletic general populations were used primarily to inform biomarker interpretation, not 

performance effects (Lynch et al., 2018; Wish, 2006; Mei et al., 2021; Suchdev et al., 2017). 

Most modern sport‑specific reviews restricted studies to English‑language full‑text publications, 

excluding editorials, letters, commentaries, and abstracts without primary data (Pengelly et al., 

2024; Rubeor et al., 2018; Šmid et al., 2024; Heffernan et al., 2019). Grey literature and 

non‑peer‑reviewed sources were generally excluded. 

 

2.3. Diagnostic Approaches to Subclinical Iron Deficiency 

2.3.1. Biochemical Markers 

Routine assessment in athletes typically includes serum ferritin, hemoglobin (Hb), and 

transferrin saturation (TSAT), often supplemented by soluble transferrin receptor and 

increasingly hepcidin (Pengelly et al., 2024; Sim et al., 2019; Roy et al., 2022; Šmid et al., 2024; 

Kiełbik & Witkowska-Piłaszewicz, 2025; Lynch et al., 2018; Pedlar et al., 2018; Nabeyama et 

al., 2023; Peeling et al., 2008). 

Ferritin 

Ferritin reflects iron stores but is an acute‑phase protein, rising with inflammation and intensive 

exercise (Sim et al., 2019; Roy et al., 2022; Kiełbik & Witkowska-Piłaszewicz, 2025; Lynch et 

al., 2018; Nabeyama et al., 2023; Suchdev et al., 2017). In athletes, “Stage 1 iron deficiency” 

is often defined as ferritin <35 µg/L with normal Hb and TSAT >16% (Sim et al., 2019; Kiełbik 

& Witkowska-Piłaszewicz, 2025). More severe non‑anemic deficiency (IDNA) is characterized 

by ferritin <20 µg/L and TSAT <16% (Pengelly et al., 2024; Rubeor et al., 2018; Sim et al., 

2019). Systematic reviews in female athletes and supplementation trials frequently use sFer <40 

µg/L as an inclusion criterion, with evidence that performance benefits are clearest when ferritin 

is ≤20 µg/L (Pengelly et al., 2024; Rubeor et al., 2018; Šmid et al., 2024; Heffernan et al., 2019). 

Physiologic analyses suggest early iron‑deficient erythropoiesis may begin at ferritin around 25 
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µg/L in women and that hepcidin/sTfR‑based thresholds may indicate early deficiency at ≤50 

µg/L (Kiełbik & Witkowska-Piłaszewicz, 2025; Mei et al., 2021; Tarancón-Díez et al., 2022). 

Hemoglobin (Hb) 

Hb is central to defining iron‑deficiency anemia, but in athletes is affected by training‑induced 

plasma volume expansion, altitude, and environmental adaptation, potentially leading to “sports 

anemia” without true iron depletion (Sim et al., 2019; Kiełbik & Witkowska-Piłaszewicz, 2025; 

Pedlar et al., 2018). Normal or “low‑normal” Hb does not exclude tissue iron deficiency or 

performance‑relevant IDNA (Pengelly et al., 2024; Sim et al., 2019; Kiełbik & Witkowska-

Piłaszewicz, 2025; Pedlar et al., 2018). 

Transferrin Saturation (TSAT) 

TSAT reflects circulating iron readily available for erythropoiesis. Cut‑offs <16 - 20% are 

widely used to define impaired supply and to distinguish Stage 2 IDNA from simple low stores 

(Pengelly et al., 2024; Rubeor et al., 2018; Sim et al., 2019; Kiełbik & Witkowska-Piłaszewicz, 

2025; Peyrin-Biroulet et al., 2015). Some heart failure and guideline data indicate TSAT is 

more closely related to exercise capacity than ferritin alone (Wish, 2006; Lee et al., 2025). 

Soluble Transferrin Receptor (sTfR) 

sTfR reflects bone marrow iron demand, with increases indicating iron‑restricted erythropoiesis 

and being less influenced by inflammation than ferritin (Roy et al., 2022; Lynch et al., 2018; 

Nabeyama et al., 2023; Wish, 2006; Mei et al., 2021; Suchdev et al., 2017). In athletic cohorts, 

sTfR helps to distinguish latent (tissue) deficiency from prelatent low stores and can refine 

staging beyond ferritin alone (Roy et al., 2022; Kiełbik & Witkowska-Piłaszewicz, 2025). The 

sTfR/hepcidin ratio has been proposed as a sensitive indicator of early deficiency, correlating 

strongly when ferritin is ≤50 ng/mL (Tarancón-Díez et al., 2022). 

Hepcidin 

Hepcidin is the master iron‑regulatory hormone, upregulated by inflammation and iron 

sufficiency, and suppressed by iron deficiency and hypoxia (Sim et al., 2019; Kiełbik & 

Witkowska-Piłaszewicz, 2025; Lynch et al., 2018; Peeling et al., 2008). Exercise acutely 

elevates hepcidin, transiently reducing iron absorption; this response is attenuated in 

iron‑deficient athletes, consistent with homeostatic up‑regulation of absorption (Sim et al., 2019; 

Kiełbik & Witkowska-Piłaszewicz, 2025; Peeling et al., 2008). While still mostly 

research‑based, hepcidin helps interpret ferritin and TSAT in the context of training and 
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inflammation, and may guide timing of supplementation (Sim et al., 2019; Kiełbik & 

Witkowska-Piłaszewicz, 2025; McCormick et al., 2020; Peeling et al., 2008). 

 

2.3.2. Interpretation Challenges in Athletes 

Athletes present several interpretation challenges for standard iron markers. Ferritin rises as an 

acute‑phase reactant with infections, inflammation, and after intense training, which can mask 

deficiency if not adjusted for inflammatory markers or collection timing (Sim et al., 2019; Roy 

et al., 2022; Kiełbik & Witkowska-Piłaszewicz, 2025; Lynch et al., 2018; Nabeyama et al., 

2023; Peeling et al., 2008; Suchdev et al., 2017). Similarly, hemoglobin and red cell indices are 

affected by training‑induced hypervolemia and heat adaptation, leading to lower concentrations 

(“pseudo‑anemia”) without reduced red cell mass or impaired performance (Sim et al., 2019; 

Kiełbik & Witkowska-Piłaszewicz, 2025; Pedlar et al., 2018). 

Cross‑sectional data from athletic and non‑athletic populations show that inflammation (often 

reflected by C‑reactive protein and α1‑acid glycoprotein) can materially distort the prevalence 

of iron deficiency estimates when using ferritin alone, sometimes changing estimates by >20 

percentage points in children and >8 percentage points in women (Lynch et al., 2018; Suchdev 

et al., 2017). Consequently, several sport‑focused reviews emphasize standardized blood 

collection (morning, rested, hydrated, away from hard sessions) and use of multiple markers 

(ferritin, TSAT, sTfR, ± hepcidin) rather than single‑marker cut‑offs (Sim et al., 2019; Roy et 

al., 2022; Kiełbik & Witkowska-Piłaszewicz, 2025; Pedlar et al., 2018; Nabeyama et al., 2023; 

Peeling et al., 2008; Suchdev et al., 2017). 

2.4. Consequences of Subclinical Iron Deficiency 

2.4.1. Effects on Physical Performance 

Aerobic capacity 

 Systematic evidence in high‑level female athletes indicates that non‑anemic iron deficiency 

can reduce endurance performance by approximately 3 - 4%, with decrements in maximal 

aerobic capacity and time‑to‑exhaustion (Pengelly et al., 2024; Sim et al., 2019; Šmid et al., 

2024; Heffernan et al., 2019). When IDNA athletes receive iron supplementation (typically 16 

- 100 mg elemental iron/day for 6 - 18 weeks), VO₂max has improved by ~6 - 15% in those 

with clearly low baseline ferritin (≤20 - 25 µg/L), while benefits are absent or minimal when 

baseline ferritin is higher (≈28 - 30 µg/L) (Pengelly et al., 2024; Rubeor et al., 2018; Šmid et 
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al., 2024; Heffernan et al., 2019). Meta‑analytic data in mixed‑sex athletes show small but 

positive effects of oral iron on VO₂max, again more pronounced at low pre‑supplementation 

ferritin (≤12 µg/L) (Šmid et al., 2024). 

Fatigue, recovery, and training adaptation 

 Subclinical iron deficiency is linked to increased fatigue, reduced training capacity, impaired 

muscle function and stress management, and poorer competition results even before anemia 

develops (Sim et al., 2019; Šmid et al., 2024; Heffernan et al., 2019; Pedlar et al., 2018). 

Experimental and observational data suggest that low iron stores impair oxidative enzymes and 

respiratory proteins, limiting mitochondrial ATP production and contributing to slower 

recovery and diminished adaptation to endurance and altitude training (Pengelly et al., 2024; 

Sim et al., 2019; Kiełbik & Witkowska-Piłaszewicz, 2025; Pedlar et al., 2018). Supplementing 

athletes with low pre‑altitude ferritin (<35 µg/L) during altitude exposure enhances 

hematological adaptation, underlining the role of adequate iron in training adaptation (Sim et 

al., 2019). 

Strength and anaerobic performance 

 Evidence for effects on isokinetic strength and anaerobic power is less consistent; reductions 

of −23% to small gains (+4%) have been reported in ID athletes, with iron supplementation 

showing variable effects (−5% to +9%), again influenced by baseline deficiency severity and 

study power (Pengelly et al., 2024; Heffernan et al., 2019). 

2.4.2. Health Consequences 

Immune function 

 Iron deficiency and low energy availability (REDs) are both associated with immune 

perturbations. Although data specific to subclinical deficiency in athletes are limited, iron is 

essential for immune cell proliferation and function, and deficiency may predispose to fatigue, 

frequent minor illness, and impaired recovery (Sim et al., 2019; Šmid et al., 2024; Heffernan et 

al., 2019; Mountjoy et al., 2023). Exercise‑induced inflammation, hepcidin up‑regulation, and 

recurrent low ferritin in athletes suggest a complex interplay between iron, immune responses, 

and training stress (Sim et al., 2019; Kiełbik & Witkowska-Piłaszewicz, 2025; Peeling et al., 

2008). 

Cognitive and psychological effects 

 In non‑athletic populations, iron deficiency without anemia is linked to impairments in 
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attention, cognition, and mood, especially in young women (Lynch et al., 2018; Mei et al., 

2021). Given the cognitive demands of high‑level sport and reports of fatigue, poor 

concentration, and decreased stress tolerance in iron‑deficient athletes, similar subclinical 

effects are plausible but under‑researched in strictly athletic cohorts (Sim et al., 2019; Šmid et 

al., 2024; Heffernan et al., 2019; Pedlar et al., 2018; Mountjoy et al., 2023). 

Injury risk and broader health 

 Relative Energy Deficiency in Sport (REDs) consensus statements emphasize that low energy 

availability, menstrual dysfunction, and micronutrient deficits (including iron) contribute to 

impaired bone health, increased injury risk, and reduced performance (Mountjoy et al., 2023). 

While direct data connecting subclinical iron deficiency alone to musculoskeletal injury are 

scarce, chronic fatigue, impaired adaptation, and co‑existing nutrient deficits likely increase 

overall injury and illness vulnerability in athletes with persistent low iron (Sim et al., 2019; 

Šmid et al., 2024; Pedlar et al., 2018; Mountjoy et al., 2023; Lee et al., 2025). 

2.5. Management and Prevention Strategies 

2.5.1. Nutritional Interventions 

Dietary iron sources and heme vs. non‑heme iron 

 Initial management of mild or prelatent deficiency prioritizes dietary strategies: increasing 

intake of iron‑rich foods and optimizing overall energy intake (Sim et al., 2019; Roy et al., 2022; 

Šmid et al., 2024; McCormick et al., 2020; Heffernan et al., 2019; Pedlar et al., 2018; Nabeyama 

et al., 2023). Heme iron from meat, poultry, and fish has substantially higher bioavailability 

than non‑heme iron from plant sources and fortified foods, and is particularly important for 

at‑risk groups such as female endurance athletes and adolescents (Sim et al., 2019; Roy et al., 

2022; Šmid et al., 2024; Heffernan et al., 2019; Nabeyama et al., 2023). Observational data in 

Japanese university athletes highlight that insufficient energy intake is associated with 

hypoferritinemia, while non‑heme‑heavy diets may limit absorption, even when nominal iron 

intake is high (Roy et al., 2022; Nabeyama et al., 2023). 

Factors influencing absorption 

 Vitamin C enhances non‑heme iron absorption, whereas phytates (in whole grains, legumes), 

polyphenols (tea, coffee), and calcium can inhibit it when co‑ingested (Sim et al., 2019; 

McCormick et al., 2020; Lynch et al., 2018; Heffernan et al., 2019; Nabeyama et al., 2023). 

Timing iron‑rich meals away from high‑calcium foods and tea/coffee, and ensuring adequate 
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carbohydrate and energy availability (to avoid hepcidin elevation under LEA) are 

recommended (Sim et al., 2019; McCormick et al., 2020; Mountjoy et al., 2023; Peeling et al., 

2008). 

2.5.2. Supplementation Protocols 

Indications for supplementation 

 Most sport‑focused reviews recommend progressing to oral iron supplementation when ferritin 

falls below ~20 - 30 µg/L (particularly with TSAT <16 - 20%), or when clear symptoms or 

performance decrements accompany low stores, and especially in preparation for altitude or 

heavy training blocks (Pengelly et al., 2024; Rubeor et al., 2018; Sim et al., 2019; Šmid et al., 

2024; McCormick et al., 2020; Heffernan et al., 2019; Pedlar et al., 2018). Evidence indicates 

that benefits on performance and hematologic indices are greatest when baseline ferritin is ≤12 

- 20 µg/L and limited when ferritin is in the low‑normal range (~25 - 30 µg/L) (Pengelly et al., 

2024; Rubeor et al., 2018; Šmid et al., 2024; Heffernan et al., 2019). 

Dosing strategies 

 Effective oral iron protocols in athletes have used 16 - 100 mg elemental iron/day (often as 

ferrous sulfate) for 6 - 8 weeks, with greater effects on ferritin and performance at higher doses 

and lower baseline ferritin (Pengelly et al., 2024; Sim et al., 2019; Šmid et al., 2024; Heffernan 

et al., 2019). Recent treatment‑strategy refinements propose morning dosing, ideally within 30 

min after morning exercise, and for athletes with gastrointestinal sensitivity, alternate‑day 

dosing or lower doses to enhance fractional absorption and reduce side effects (Sim et al., 2019; 

McCormick et al., 2020; Peeling et al., 2008). High single daily doses (e.g., 130 mg/day) may 

not further improve status when baseline ferritin is already normal and can increase side effects 

(Šmid et al., 2024; Heffernan et al., 2019). Intravenous iron is generally reserved for severe 

deficiency, intolerance/non‑response to oral supplements, or time‑critical situations (e.g., major 

championships) (Sim et al., 2019; McCormick et al., 2020; Pedlar et al., 2018; Peyrin-Biroulet 

et al., 2015). 

2.5.3. Monitoring and Screening in Athletes 

Regular screening and longitudinal monitoring are central to prevention. Prevalence data in 

adolescent and young adult athletes (10.9% of males and 35.9% of females iron‑deficient in a 

German cohort; 47% hypoferritinemia in Japanese female university athletes) support at least 

annual screening, with more frequent testing (2 - 3 times/year) in high‑risk groups such as 
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female endurance and aesthetic sport athletes, adolescents, those with heavy menstrual bleeding, 

history of deficiency, or planned altitude training (Sim et al., 2019; Roy et al., 2022; Kiełbik & 

Witkowska-Piłaszewicz, 2025; Pedlar et al., 2018; Nabeyama et al., 2023; Lee et al., 2025). 

Recommended panels typically include ferritin, Hb, full blood count, TSAT or serum 

iron/TIBC, and, where possible, sTfR and inflammatory markers (CRP, AGP) to aid 

interpretation (Sim et al., 2019; Roy et al., 2022; Kiełbik & Witkowska-Piłaszewicz, 2025; 

Lynch et al., 2018; Pedlar et al., 2018; Nabeyama et al., 2023; Suchdev et al., 2017). Sports 

clubs and medical teams are advised to standardize blood collection (rested, morning, hydrated, 

no intense training in preceding 24 - 48 h) and to integrate iron status into broader REDs and 

menstrual health surveillance, nutrition counselling, and training‑load management (Sim et al., 

2019; Kiełbik & Witkowska-Piłaszewicz, 2025; Pedlar et al., 2018; Nabeyama et al., 2023; 

Mountjoy et al., 2023; Peeling et al., 2008; Lee et al., 2025). 

Key Aspects of Diagnosis and Management in Athletes 

Domain Key points for athletes Citations 

Core markers Use ferritin, Hb, TSAT; add sTfR ± hepcidin 

where possible 

(Pengelly et al., 2024; Sim et al., 2019; Roy et 

al., 2022; Šmid et al., 2024; Kiełbik & 

Witkowska-Piłaszewicz, 2025; Lynch et al., 
2018; Pedlar et al., 2018; Nabeyama et al., 

2023; Peeling et al., 2008; Tarancón-Díez et 

al., 2022; Suchdev et al., 2017) 

Key cut‑offs Performance benefits most evident when 

ferritin ≤12 - 20 µg/L; early deficiency may 

begin ≤25 - 50 µg/L 

(Pengelly et al., 2024; Rubeor et al., 2018; Sim 

et al., 2019; Šmid et al., 2024; Kiełbik & 

Witkowska-Piłaszewicz, 2025; Heffernan et 
al., 2019; Mei et al., 2021; Tarancón-Díez et 

al., 2022) 

Interpretation issues Adjust for inflammation, training load, 

hypervolemia; avoid relying on ferritin or Hb 

alone 

(Sim et al., 2019; Roy et al., 2022; Kiełbik & 

Witkowska-Piłaszewicz, 2025; Lynch et al., 

2018; Pedlar et al., 2018; Nabeyama et al., 
2023; Peeling et al., 2008; Suchdev et al., 

2017) 

Performance effects IDNA reduces endurance 3 - 4%; VO₂max and 
performance improve 2 - 20% after targeted 

supplementation 

(Pengelly et al., 2024; Rubeor et al., 2018; Sim 
et al., 2019; Šmid et al., 2024; Heffernan et al., 

2019; Pedlar et al., 2018) 

First‑line management Optimize diet (heme iron, energy, vitamin C), 
address LEA/REDs 

(Sim et al., 2019; Roy et al., 2022; Šmid et al., 
2024; McCormick et al., 2020; Heffernan et 

al., 2019; Nabeyama et al., 2023; Mountjoy et 

al., 2023; Peeling et al., 2008; Lee et al., 2025) 

Supplementation 16 - 100 mg elemental iron/day for 6 - 8 weeks 

when clearly indicated; consider 

timing/alternate‑day dosing 

(Pengelly et al., 2024; Rubeor et al., 2018; Sim 

et al., 2019; Šmid et al., 2024; McCormick et 

al., 2020; Heffernan et al., 2019; Pedlar et al., 
2018; Peeling et al., 2008) 

Screening Annual to 2 - 3×/year in high‑risk groups; 

standardized sampling conditions 

(Sim et al., 2019; Roy et al., 2022; Kiełbik & 

Witkowska-Piłaszewicz, 2025; Pedlar et al., 
2018; Nabeyama et al., 2023; Lee et al., 2025; 

Suchdev et al., 2017) 

Figure 1: Summary of key diagnostic and management themes for athletes. 
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3. Discussion 

3.1. Clinical and Practical Implications 

Early identification of subclinical iron deficiency is crucial in athletes, as performance 

decrements and impaired adaptation to training may occur before overt anemia develops. 

Detecting low iron stores at this stage allows targeted interventions that can preserve maximal 

oxygen transport capacity, mitochondrial function, and neuromuscular performance, thereby 

preventing unexplained fatigue, reduced training quality, and increased illness susceptibility 

during congested competition periods. 

From a practical standpoint, integrating iron status monitoring into routine sports medicine 

screening facilitates individualized training and recovery planning. Periodic assessment of 

ferritin, hemoglobin, and complementary markers enables coaches and clinicians to adjust 

training loads, altitude exposure, and competition schedules for at-risk athletes. In cases of 

declining iron indices, temporary modification of training intensity, optimization of dietary iron 

intake, and, when indicated, supplementation can be implemented proactively, minimizing time 

lost from training and reducing the likelihood of more severe deficiency requiring prolonged 

rehabilitation 

3.2. Limitations of Current Evidence 

The available literature on subclinical iron deficiency in athletes is constrained by several 

methodological limitations. Many studies use small, heterogeneous samples, lack control 

groups, or apply cross-sectional designs, which restrict the ability to infer causality between 

iron status and performance outcomes. Moreover, variability in training status, dietary habits, 

menstrual function, and environmental conditions is often insufficiently controlled, introducing 

potential confounding. 

A further challenge is the heterogeneity of diagnostic criteria used to define subclinical iron 

deficiency. Studies differ in ferritin cut-off values, in whether hemoglobin and transferrin 

saturation are incorporated, and in the extent to which inflammatory markers are considered. 

This inconsistency complicates comparisons across studies and may contribute to divergent 

estimates of prevalence and impact. Additionally, the frequent reliance on single time-point 
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measurements ignores the dynamic nature of iron metabolism in response to training cycles, 

acute exercise, and illness, limiting the ecological validity of current findings. 

3.3. Future Research Directions 

Future research should prioritize the development and validation of sport-specific reference 

ranges for iron-related biomarkers that account for training volume, sex, age, and discipline 

(e.g., endurance vs. power sports). Establishing consensus thresholds for subclinical iron 

deficiency, ideally incorporating indices such as soluble transferrin receptor and hepcidin 

alongside ferritin and hemoglobin, would enhance diagnostic precision and comparability 

between studies. 

Longitudinal studies in elite athletes are needed to elucidate the temporal relationship between 

iron status, training load, and performance. Prospective cohort designs following athletes across 

seasons, altitude camps, and periods of intensified training would clarify critical windows for 

screening and intervention, as well as identify individual susceptibility profiles. Interventional 

trials comparing different nutritional, supplementation, and monitoring strategies - while 

rigorously controlling for inflammation and exercise-induced plasma volume shifts - are also 

warranted to define evidence-based protocols for preventing and managing subclinical iron 

deficiency in high-performance sport. 

4. Conclusions 

Subclinical iron deficiency is a prevalent yet frequently underdiagnosed condition in athletes, 

particularly in endurance disciplines and among female competitors. Its insidious nature - often 

occurring without overt anemia - means that meaningful decrements in performance and well-

being can develop before standard clinical thresholds are reached. 

Early, sport-specific screening protocols that go beyond hemoglobin alone and incorporate 

ferritin, transferrin saturation, and, where available, additional markers such as soluble 

transferrin receptor or hepcidin, are crucial to identifying at-risk athletes before performance 

deteriorates. Individualized management strategies, including tailored nutritional counseling, 

evidence-based supplementation when indicated, and adjustments in training load, may help 

prevent performance decline and reduce potential health complications such as increased 

fatigue, impaired immune function, and heightened injury risk. 
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Effective prevention and treatment require close multidisciplinary cooperation. Sports 

physicians, dietitians, exercise physiologists, and coaches should work together to implement 

routine monitoring, interpret iron indices within the specific context of training and competition, 

and design practical interventions that are compatible with the demands of elite sport. 

Establishing clear, sport- and sex-specific reference ranges and integrating iron status 

assessment into regular medical evaluations can help bridge the gap between current evidence 

and everyday practice. 

Future research should focus on refining diagnostic thresholds for athletes, elucidating the long-

term consequences of subclinical iron deficiency on performance and health, and identifying 

the most efficient, safe, and sustainable management strategies. Such evidence will support 

more precise, personalized approaches to maintaining optimal iron status and, ultimately, 

safeguarding both performance and athlete health. 

You can also use Consensus to quickly scan new papers on subclinical iron deficiency in 

athletes, and click on the suggested questions below to deepen specific sections of your review. 
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