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ABSTRACT

Hemoglobin (Hb) plays a pivotal role in oxygen transport, systemic aerobic capacity (VO2max), and lactate clearance
in combat sports. While racial variations in baseline hematological parameters are documented in population-level
epidemiological studies, their physiological manifestation and performance impact within elite combat sports remain
undertheorized. This study investigated baseline hemoglobin concentrations, post-bout Hb fluctuations, oxygen
consumption kinetics (VO2max), and blood lactate recovery rates between professional Black (n =20) and White (n =
20) male boxers. Venous blood samples were collected at baseline, immediately post-bout, and 30 minutes post-bout.
Results revealed that while baseline Hb levels were significantly lower in Black boxers (14.2 + 0.6 g/dL) compared to
White boxers (15.1£0.7 g/dL, p<0.01), Black boxers exhibited higher oxygen extraction efficiency (a-vO2 difference)
during high-intensity rounds (p < 0.05). No statistically significant difference was observed in overall post-bout
performance metrics (VO2max and total punch output), indicating that physiological adaptation and capillary density
compensate for baseline biological variance. These findings emphasize individual physiological profiling over racial
generalizations in sports science and conditioning.
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INTRODUCTION

Professional boxing is a highly demanding
intermittent sport characterized by repeated bursts of
maximum high-intensity power output interspersed
with
physiological profile of an elite boxer requires a

sophisticated

short periods of active recovery. The

interaction  between  anaerobic
glycolytic pathways and aerobic energy systems.
While energy for rapid combination striking and
footwork is primarily supplied by ATP-PCr and fast
glycolysis, aerobic metabolism governs recovery
between exchanges, lactate buffering, and sustaining

fight cadence over 10 to 12 rounds.

Central to aerobic performance is total red cell mass
and hemoglobin (Hb) concentration. Hemoglobin is
the primary iron-rich metalloprotein in erythrocytes
responsible for binding molecular oxygen (02) in
pulmonary capillaries and delivering it to working
skeletal muscle tissues. The oxygen-carrying capacity

of blood is directly proportional to Hb levels, where
each gram of hemoglobin binds approximately 1.34
mL of O2.

Epidemiological and hematological research

consistently indicates small, statistically significant
baseline  differences in mean hemoglobin
concentrations across different racial and ethnic
groups, with healthy individuals of African descent
often exhibiting baseline Hb levels 0.5 to 1.0 g/dL
lower than

individuals of Caucasian descent.

However, whether these baseline physiological

variations translate into functional disparities in

dynamic high-intensity sports—specifically
professional boxing—remains insufficiently
explored.

This research article evaluates baseline hemoglobin
concentration, post-exercise hemoconcentration, and
physiological oxygen extraction performance
between elite Black and White professional boxers to
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determine whether systemic hematological variance
influences ring endurance, power output, and fatigue
recovery.

2. LITERATURE REVIEW

The relationship between hemoglobin concentration
and maximal oxygen consumption (VO2max) is well
established in exercise physiology. According to the
Fick Principle:

VO2 = Q x (a-vO2 difference)

where Q is cardiac output and (a-vO2 difference)
represents the arteriovenous oxygen difference.
Because arterial oxygen content (Ca02) is governed
by the equation:

Ca02 = (Hb x 1.34 x Sa02) + (0.0031 x Pa02)

any variance in hemoglobin directly shifts the
theoretical ceiling of systemic oxygen delivery.

Studies in sports medicine (e.g., Beutler & Waalen,
2006) highlight that physiological reference intervals
for hemoglobin vary demographically. Caucasians
typically exhibit higher resting hemoglobin levels
compared to individuals of African ancestry.
However, sports science literature (Lenka, 2019a)
underscores that athletic adaptation often overrides
population-level baselines through plasma volume
shifts, increased capillary density, and mitochondrial
enzyme activity.

In combat sports like boxing, repeated isometric
clutching (clinch work), rapid eccentric-concentric
upper body movements, and severe acute metabolic
acidosis subject erythrocytes to mechanical hemolysis
and hemoconcentration. Comparing these responses
across demographic subsets provides critical insights
into athletic conditioning and metabolic recovery.

3. METHODOLOGY
3.1 Participant Selection

A comparative cross-sectional experimental design
was implemented. Forty (N = 40) active, licensed
male professional boxers (aged 22-31
participated in the study. Participants
categorized into two equal cohorts:

years)
were

* Group A (Black Boxers): n =20
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* Group B (White Boxers): n =20

Inclusion criteria required subjects to be actively
competing at the regional or international level, free
from hemoglobinopathies (e.g., Sickle Cell Trait),
non-smokers, and not using performance-enhancing
drugs or altitude training protocols within 12 weeks
prior to testing.

3.2 Testing Protocol

All subjects performed a standardized 10-round
simulated boxing bout (3-minute rounds, 1-minute
rest intervals) wearing heavy bags and sparring targets
instrumented with force transducers to measure strike
volume and impact force.

* Hematological Testing: Venous blood samples (5
mL) were drawn at three distinct temporal points: (1)
Baseline (T0): Rest state, 24 hours pre-test (fasted);
(2) Immediate Post-Bout (T1): Within 3 minutes
following Round 10; (3) Recovery Phase (T2): 30
minutes post-bout.

» Assays: Hemoglobin concentrations (g/dL) were
measured via automated cyanmethemoglobin method
using an automated hematology analyzer. Blood
lactate (mmol/L) was determined via portable lactate
meters.

* Gas Exchange: VO2max and arteriovenous oxygen
difference were monitored using a portable telemetry
metabolic cart.

3.3 Statistical Analysis

Data were analyzed using SPSS (Version 28.0).
Descriptive statistics (Mean £+ Standard Deviation)
were calculated. Independent sample t-tests were
conducted to compare physiological variables
between groups, and repeated-measures ANOV A was
performed across time points (TO, T1, T2). The

significance level was set at p < 0.05.
4. RESULTS

Baseline hemoglobin (T0) was significantly higher in
White professional boxers (15.1 £ 0.7 g/dL) compared
to Black professional boxers (14.2 + 0.6 g/dL, p =
0.004). Following the 10-round bout (T1), both
experienced significant

groups acute
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hemoconcentration due to exercise-induced plasma
volume loss.

Variabl(.e / Time | Black Boxers | White Boxers t-value | p-value
Point (n=20) (n=20)
Baseline Hb (T0) 14.g2/diL0‘6 15.g1/(ﬂ1:L0.7 -4.35 <0.01*
et | B2 e | <o
3O-M}ilr113 l({;:;;)very 14.g6/diL0.5 15.g41/(ﬂ1:L0.6 _4.48 <0.01*
Peak VO2max rfli/ig /I3n'i2n rii/gk:gt /I3n'i5n 0.47 0.64 (NS)
CupaRomd | sk | s | 000 | 0520%)

Note. * Denotes statistical significance at p < 0.05. NS = Not Significant. Values presented as Mean £+ SD.

Table 1: Comparison of Hematological and Performance Parameters Between Black and White
Professional Boxers

5. DISCUSSION

The empirical data confirm the presence of baseline
hematological differences between Black and White
professional  boxers, with  existing
population health literature. The mean baseline

consistent

hemoglobin level of White boxers was 0.9 g/dL
higher than that of Black boxers.

However, the primary inquiry of this study was
whether this discrepancy yields a functional
difference in ring performance. The physiological
findings demonstrate that it does not.

Physiological Compensation Pathway:

[ Baseline Hb Variance (White > Black) | —> [
Offset by Peripheral O2 Extraction (a-vO2 diff) ]

U

[ Equivalent Systemic VO2max & Punch Output
Performance |
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5.1 Metabolic Compensations and Performance
Parity

Despite lower systemic hemoglobin concentrations,
the Black boxer cohort demonstrated equivalent
VO2max (58.4 mL/kg/min vs. 57.9 mL/kg/min) and
punch output across 10 rounds. This indicates the
presence of peripheral compensatory physiological
mechanisms:

1. Arteriovenous Oxygen Extraction (a-vO2 diff):
Analysis of dynamic gas exchange revealed slightly
higher peripheral tissue oxygen extraction rates in
Black boxers during rounds 7 through 10,
compensating for lower baseline arterial oxygen
content.

2. Stroke Volume and Cardiac Output: Minor
differences in total Hb concentration are frequently
offset by cardiac adaptations, including greater left
ventricular end-diastolic volume and higher stroke
volume during maximum strain.
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3. Lactate Buffering: Blood lactate levels immediately
post-bout (T1) showed no significant variance (12.4
vs. 12.8 mmol/L), proving that anaerobic threshold
and intramuscular hydrogen ion (H+) buffering
capacity operate independently of baseline racial
hematological differences.

6. PRACTICAL APPLICATIONS FOR SPORTS
CONDITIONING

1. Avoid Single-Parameter Reference Models:
Strength and conditioning coaches should avoid
assessing an athlete's aerobic potential solely based on
blood hemoglobin panels. Peripheral muscle
oxygenation and capillary density play equal roles.

2. Individualized Hydration Protocols: Both cohorts
experienced significant hemoconcentration (+1.1 to
+1.2 g/dL) post-bout due to fluid loss. Combat
athletes structured  intra-bout  fluid
replacement to prevent blood hyperviscosity and
reduced stroke volume.

require

3. Targeted Hypoxic & High-Intensity Interval
Training (HIIT): To improve systemic hemoglobin
mass, both demographics benefit equally from
intermittent hypoxic training (IHT) and targeted high-
intensity conditioning protocols.

CONCLUSION

While
hemoglobin levels between professional Black and
White boxers, these variations do not translate into

statistical ~differences exist in resting

significant differences in physical performance,
aerobic capacity (VO2max), or recovery kinetics
during professional boxing bouts. Human athletic
performance in combat

sports is a complex
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biomechanical and physiological synthesis; systemic
oxygen extraction, motor unit recruitment, anaerobic
threshold, and tactical efficiency far outweigh minor
baseline biological hematological variances.
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