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ABSTRACT

Introduction and Purpose: Whole blood donation induces acute hematological alterations that may temporarily impair
aerobic performance, particularly in athletes whose training and competition outcomes depend on maximal oxygen transport
capacity. This review aims to synthesize current evidence regarding the physiological and performance-related consequences
of a standard whole blood donation (450-500 mL), with particular emphasis on changes in hemoglobin concentration,
hemoglobin mass, maximal oxygen uptake (VO.max), and recovery timelines.

Results: Across controlled studies published between 1990 and 2025, whole blood donation consistently reduces
hemoglobin concentration by approximately 7-10% within 24-48 hours, accompanied by a 5-10% decline in VO.max. These
hematological and physiological changes result in measurable reductions in maximal exercise capacity, including decreased
peak power output and shorter time to exhaustion. Submaximal exercise responses are largely preserved, suggesting that
functional impairment is most pronounced at intensities near or at VO.max. Full restoration of hemoglobin mass and
maximal aerobic performance typically requires 3-6 weeks and is strongly influenced by individual iron status, donation
frequency, and training load. Plasma donation, by contrast, does not appreciably affect VO.max but may transiently alter
anaerobic performance due to reduced buffering capacity.

Conclusion: Whole blood donation transiently diminishes oxygen-carrying capacity and maximal aerobic performance by
reducing hemoglobin concentration and total hemoglobin mass. While these effects are reversible, recovery can be prolonged
in individuals with low iron stores or high endurance demands. Understanding the magnitude and time course of these
changes is essential for athletes, coaches, and clinicians in planning training and competition schedules. Recognition of the
physiological mechanisms involved may also guide the development of individualized donation strategies and iron
management protocols for athletic populations.
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Introduction

Whole blood donation is widely practiced and remains essential in contemporary healthcare systems
(Myers & Collins, 2024). Although physiologically safe, it induces acute reductions in red blood cell (RBC)
mass, hemoglobin concentration, hematocrit, and arterial oxygen-carrying capacity (Gasparovic Babic et al.,
2024). Because aerobic performance relies heavily on oxygen delivery to working tissues, these changes may
temporarily impair maximal exercise capacity.

A typical whole blood donation removes approximately 8—-10% of total RBC mass, resulting in
measurable declines in VO.max and maximal work capacity (Van Remoortel et al., 2017). Controlled studies
demonstrate that VO.max decreases by roughly 5-10% during the first 48 hours post-donation (Hill et al.,
2013). Submaximal performance is generally preserved, suggesting that reductions in oxygen availability
primarily affect maximal or near-maximal efforts.

With increasing numbers of athletes participating in donor programs, understanding the physiological
consequences, recovery timelines, and potential mitigation strategies is important (Kanagasabai, 2021). This
review summarizes current evidence and provides practical guidance for sport and health professionals.

Methods

A structured literature search was conducted using PubMed, Scopus, Google Scholar, and ProQuest.
Search terms included “blood donation,” “VO:max,” “hemoglobin mass,” “aerobic performance,” and
“athletes.” Peer-reviewed studies examining physiological or performance-related outcomes after whole blood
or plasma donation were included. Systematic reviews, randomized controlled trials, crossover designs, and
laboratory-based experimental studies were prioritized.
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Results

Evidence consistently demonstrates that hemoglobin concentration and hematocrit decrease by 7-10%
within the first 24-48 hours following whole blood donation (Van Remoortel et al., 2017). Total hemoglobin
mass requires a longer period to recover-typically 3-6 weeks-and recovery is influenced by iron status and
training level (Meurrens et al., 2016).

Maximal aerobic performance shows a parallel decline: VO:max decreases by approximately 5-10%
post-donation (Hill et al., 2013), accompanied by reductions in peak power output and time to exhaustion.
Recovery of VO:2max aligns closely with the restoration of hemoglobin mass (Schmidt & Prommer, 2010).

Submaximal exercise responses-such as steady-state VO., lactate threshold, and heart rate-exhibit little
to no impairment. Plasma donation, which does not reduce RBC mass, has minimal influence on VO:max but
may transiently affect anaerobic performance through reductions in buffering capacity (Hill et al., 2013).

Iron status plays an important role in recovery. Individuals with low ferritin levels or those who donate
frequently experience slower restoration of hemoglobin concentration and aerobic performance (Meurrens et
al., 2016).

Discussion

Whole blood donation produces predictable short-term reductions in hematological variables and
maximal aerobic capacity. Because VO:max is strongly limited by oxygen delivery at maximal intensities,
even modest decreases in hemoglobin mass can meaningfully reduce maximal aerobic performance. These
effects are most evident during the first 24-48 hours after donation (Van Remoortel et al., 2017).

Submaximal performance remains largely unaffected, allowing athletes to maintain low-intensity
training shortly after donation. However, endurance athletes-whose performance depends heavily on maximal
oxygen transport-may experience more pronounced decrements. Plasma donation may offer a practical
alternative for athletes, given its minimal impact on aerobic performance (Saltzmann, 2023).

Iron status is a critical determinant of recovery speed. Frequent donors or individuals with low baseline
ferritin may require extended recovery timelines or targeted iron supplementation (Meurrens et al., 2016;
Vassallo et al., 2020).

The available evidence is limited by small sample sizes, heterogeneous methodologies, and inconsistent
timing of post-donation measurements. Many studies include recreational rather than elite athletes, reducing
generalizability to high-performance populations. Additionally, long-term adaptation to repeated donations
remains understudied, and many investigations rely on concentration-based hematological measures rather
than direct assessment of hemoglobin mass.

Future research should investigate sex-specific responses, the cumulative effects of repeated donations
on long-term training adaptation, and individualized recovery timelines. Studies employing standardized
exercise protocols and direct measurements of hemoglobin mass (e.g., CO rebreathing) would improve
comparability. Predictive modeling approaches, such as machine-learning models for iron recovery, may also
support personalized donation strategies for athletes.

Athletes should avoid whole blood donation during the 2-3 weeks preceding major competitions.
Low-intensity training can generally continue during the early post-donation period, while high-intensity or
maximal aerobic sessions should be temporarily reduced. Regular donors should monitor ferritin levels and
consider iron supplementation under medical supervision. Plasma donation remains a viable alternative for
athletes who wish to donate without compromising performance.

Conclusions

Whole blood donation temporarily reduces hemoglobin concentration, hemoglobin mass, VO.max, and
maximal exercise capacity due to the immediate loss of red blood cells and the resulting decrease in oxygen-
carrying capacity. Although submaximal performance is largely preserved, activities requiring sustained
maximal or near-maximal aerobic output are consistently impaired during the initial post-donation period. Full
recovery of hemoglobin mass and aerobic performance may require several weeks, particularly in individuals
with low baseline iron stores, high endurance training loads, or increased erythropoietic demands. These
findings underscore the importance of strategic planning around donation timing, especially for competitive
athletes who must coordinate their training cycles and race schedules with physiological recovery.
Incorporating routine monitoring of ferritin levels, ensuring adequate dietary iron intake, and considering iron
supplementation where appropriate may support more efficient restoration of hematological parameters.
Moreover, the observed differences between whole blood and plasma donation highlight a practical alternative
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for athletes wishing to participate in donor programs without compromising aerobic performance. Plasma
donation, which preserves red blood cell mass, results in negligible reductions in VO.max and may therefore
be a more suitable option during intensive training phases. Ultimately, recognizing the physiological
consequences of blood donation can help athletes, coaches, and clinicians make informed decisions that
balance public health needs with athletic performance goals. Continued research into individualized recovery
trajectories, iron metabolism, and donor management strategies will further refine evidence-based guidelines
for athletic populations.
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