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Objective: This study aimed to compare the effects of three distinct dietary regimens—high-
carbohydrate, high-protein, and ketogenic diets—on athletic performance metrics, body
composition, and metabolic parameters in elite athletes.

Methods: A randomized crossover trial was conducted with thirty male athletes over 12
weeks. Participants sequentially followed each of the three dietary interventions.
Comprehensive assessments included body composition analysis via bioelectrical
impedance, maximal oxygen consumption (VOImax) measured by respiratory gas analysis,
anaerobic capacity evaluated via the Wingate test, and monitoring of biochemical and
psychological parameters.

Results: The high-protein diet induced the most significant reduction in body fat mass.
Conversely, the high-carbohydrate regimen yielded superior results in the VOImax test,
indicating enhanced aerobic performance. The ketogenic diet, despite promoting weight loss,
led to a marked decrease in high-intensity exercise performance and an increase in creatine
kinase levels, suggesting greater muscular stress. Furthermore, this diet negatively affected
the athletes’ mood states.

Conclusion: The findings suggest that optimal dietary choice for athletes must be
individualized, based on specific training objectives and personal physiological responses.
High-carbohydrate diets appear most beneficial for endurance sports, while high-protein diets
are more effective for improving body composition and recovery. The application of a
ketogenic diet requires careful consideration and a potentially extended adaptation period due
to its mixed impacts on performance and well-being.

Cite this article: Dehdar, M., A Comparison of the Effects of High-Carbohydrate, High-Protein, and Ketogenic Dietary
Regimens on Athletic Performance and Body Composition in Elite Athletes: A Randomized Crossover Trial.
Applied Research in Sports Nutrition and Exercise Science, 2025:2(2):41-54. 10.22091/arsnes.2024.11878.1033

© The Author(s).

Publisher: University of Qom.
DOI: 10.22091/arsnes.2024.11878.1033



mailto:m.fahimi@qom.ac.ir
https://doi.org/10.22091/arsnes.2024.11878.1021
https://doi.org/10.22091/arsnes.2024.11878.1021
https://orcid.org/0000-0001-9682-2460

Extended Abstract

Introduction

The strategic manipulation of dietary intake
represents a cornerstone in the pursuit of
optimizing athletic performance, with
macronutrient composition playing a pivotal
role in modulating physiological adaptations,
body composition, and psychological
readiness. While the fundamental importance
of carbohydrates for high-intensity exercise
and proteins for muscular repair is well-
established, the emergence of alternative
dietary strategies, such as the ketogenic diet,
has introduced new paradigms and
controversies into sports nutrition practice.
The ketogenic diet, characterized by severe
carbohydrate restriction and high fat intake,
proposes to enhance metabolic flexibility by
promoting ketone body production as an
alternative fuel source. However, the efficacy
and practical implications of these divergent
nutritional approaches—high-carbohydrate,
high-protein, and ketogenic diets—remain a
subject of intense debate within the scientific
community,  with  existing literature
demonstrating conflicting results regarding
their relative benefits for various athletic
performance metrics. This study was
therefore designed to conduct a rigorous,
comparative  investigation  into  the
multifaceted effects of these three distinct
dietary regimens on a comprehensive panel
of outcome measures, including aerobic and
anaerobic capacity, body composition,
metabolic biomarkers, and psychological
status in a cohort of elite athletes, thereby
addressing significant gaps in the current
evidence base.

Methods

A randomized, controlled crossover trial was
implemented over a total period of twelve
weeks, incorporating  three  distinct
intervention phases. The participant cohort
consisted of thirty highly-trained male

endurance athletes, who were randomly
allocated to a sequence of the three dietary
interventions: a high-carbohydrate diet, a
high-protein diet, and a ketogenic diet. Each
dietary phase was followed by a standardized
washout period to mitigate carryover effects.
The high-carbohydrate regimen was designed
to provide 65-70% of total energy intake
from carbohydrates, 15-20% from protein,
and 15-20% from fat. The high-protein diet
was composed of 35-40% protein, 45-50%
carbohydrates, and 15-20% fat. The
ketogenic diet protocol maintained a strict
macronutrient distribution of 70-75% fat, 20-
25% protein, and less than 5% carbohydrates.
All diets were isocaloric, tailored to the
individual energy requirements of each
athlete. The assessment protocol was
comprehensive and multifaceted: body
composition was evaluated via bioelectrical
impedance analysis; maximal oxygen
consumption was determined through
incremental exercise testing with respiratory
gas analysis; anaerobic power and capacity
were assessed using the 30-second Wingate
test; fasting blood samples were analyzed for
glucose, ketones, creatine kinase, and lactate
dehydrogenase; and psychological state was
monitored using the Profile of Mood States
questionnaire.  Dietary adherence was
rigorously monitored using digital food-
tracking applications, and the achievement of
nutritional ketosis was confirmed via blood
ketone measurements.

Results

The findings revealed distinct and
statistically significant differential responses
to the three dietary interventions across the
measured parameters. From a body
composition perspective, the high-protein
diet elicited the most pronounced reduction in
absolute fat mass and relative body fat
percentage. The ketogenic diet resulted in the



greatest decrease in total body weight;
however, this was accompanied by a notable
reduction in lean body mass compared to the
other two diets, which successfully preserved
muscle mass. Regarding athletic
performance, the high-carbohydrate diet
provided a clear advantage for aerobic
endurance, as evidenced by significantly
higher values for maximal oxygen
consumption. Conversely, the high-protein
diet was associated with  superior
maintenance of mean power output during
the repeated Wingate tests, suggesting
enhanced anaerobic endurance and recovery.
The ketogenic diet consistently demonstrated
detrimental effects on high-intensity exercise
performance metrics, including peak power
output. Biochemically, the ketogenic group
displayed a marked elevation in blood ketone
concentrations, confirming metabolic
adaptation to ketosis, but also exhibited
significantly higher serum levels of creatine
kinase, indicative of increased muscular
stress or damage. Furthermore, psychological
assessment data revealed that athletes
following the ketogenic diet reported a less
favorable mood state profile, with increased
scores for fatigue and confusion, and
decreased scores for vigor, compared to those
on the high-carbohydrate and high-protein
regimens.

Discussion

TThe results of this investigation underscore
the principle of nutritional specificity,
whereby the optimal dietary strategy is
contingent upon the specific performance and
body composition goals of the athlete. The
superior aerobic performance observed under
the high-carbohydrate diet aligns robustly
with established physiological principles that
prioritize glycogen availability as the primary
fuel for sustained, high-intensity endurance
exercise. The efficacy of the high-protein diet
in promoting fat loss while preserving lean

mass can be attributed to the high thermic
effect of protein, its potent satiety-inducing
properties, and its critical role in stimulating
muscle protein synthesis and inhibiting
proteolysis. The compromised high-intensity
performance and elevated muscle damage
markers associated with the ketogenic diet
likely stem from a fundamental limitation in
the rate of ATP regeneration via ketolysis
compared to glycolytic pathways, which is
critical for powerful, explosive movements.
The negative impact on mood state observed
in the ketogenic group may be linked to
alterations in brain serotonin synthesis, which
is influenced by carbohydrate intake and
insulin-mediated tryptophan uptake. These
findings contribute to resolving existing
contradictions in  the literature by
demonstrating that the context of the exercise
stimulus—specifically its intensity and
duration—is paramount in determining
dietary efficacy. A primary limitation of this
study is the relatively short duration of the
ketogenic adaptation phase, which may not
have been sufficient for full metabolic
transition in all athletes, potentially
influencing the performance outcomes.
Conclusion

This comprehensive comparative analysis
conclusively  demonstrates that high-
carbohydrate, high-protein, and ketogenic
diets exert profoundly different effects on the
physiological and psychological profile of
elite athletes. There is no universal "optimal
diet" for athletic performance; rather,
nutritional prescription must be highly
individualized. For athletes whose primary
objective is to maximize endurance capacity
and high-intensity performance, a high-
carbohydrate diet remains the most effective
strategy. For those focused on improving
body composition through fat loss without
sacrificing muscle mass, a high-protein diet is
distinctly advantageous. The implementation



of a ketogenic diet in athletic populations
requires  extreme caution, meticulous
planning, and a recognition of its potential
drawbacks, including impaired high-power
output and negative psychological sequelae.
Future research should focus on longitudinal
studies to explore long-term adaptations,
investigate periodized dietary approaches
that strategically integrate elements of
different regimens, and examine the
molecular mechanisms underlying the
observed effects on muscle metabolism and
recovery.
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Strategies, High-Carbohydrate Diet, High-
Protein Diet, Ketogenic Diet, Athletic
Performance, Body Composition, Metabolic
Adaptation, Crossover Trial.
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