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Abstract

Aim: This research examines the role of nutrition, particularly carbohydrate consumption, in optimizing athletic
performance and post-exercise recovery. Method: A systematic review of relevant literature was conducted,
encompassing various study types such as meta-analyses, systematic reviews, case reports, editorials, origi-
nal research articles, and abstracts. Databases including PubMed/Medline, Web of Science, Taylor & Francis,
and Google Scholar were comprehensively searched. The review adhered to Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines, utilizing a narrative synthesis approach due to the
heterogeneity of collected data. Results: Carbohydrates emerged as a vital energy source for athletic perfor-
mance. Adequate carbohydrate intake, appropriate timing, and nutrient composition were found to be crit-
ical for maintaining muscle glycogen levels during intense physical activity. Sports nutrition practices, such
as high-carbohydrate diets and carbohydrate intake during exercise, have implications for athletes’ immune
system status. Low glycemic-index carbohydrates exhibited benefits in endurance sports by promoting fat oxi-
dation and reducing glucose oxidation. Gender-specific dietary guidelines were recommended to address sub-
strate utilization differences during exercise. Conclusion: Nutrition, particularly carbohydrate consumption, sig-
nificantly influences athletic performance and post-exercise recovery. The study underscores the importance
of individualized nutrition plans, considering nutrient timing and composition, to optimize performance and
overall well-being. Further research is needed to address limitations and establish conclusive evidence on the
relationship between carbohydrate intake, recovery, and athletic performance. Overall, the research provides
valuable insights for athletes, coaches, and practitioners aiming to enhance performance through effective
nutritional strategies.

Keywords: Carbohydrates, Nutrition, Athletic Performance, Post-Exercise Recovery, Glycogen Storage, Sports Nutrition

@M]JSSMontenegro
ROLE OF CARBOHYDRATES AND NUTRITION IN ATHLETIC PERFORMANCE
http://mjssm.me/?sekcija=article&artid=262

Cite this article: Dhiman, C,, & Kapri, B.C. (2023) Optimizing Athletic Performance and Post-Exercise Recovery:
The Significance of Carbohydrates and Nutrition. Montenegrin Journal of Sports Science and Medicine, 19 (2), 49-56.
https://doi.org/10.26773/mjssm.230907

Received: 15 May 2023 | Accepted after revision: 01 August 2023 | Early access publication date: 01 September 2023 | Final publication date: 15 September 2023

© 2023 by the author(s). License MSA, Podgorica, Montenegro. This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution (CC BY).

Conflict of interest: None declared.

DOI 10.26773/mjssm.230907 49



ROLE OF CARBOHYDRATES AND NUTRITION IN ATHLETIC PERFORMANCE | C. DHIMAN & B. C. KAPRI

Introduction

Nutrition has long been recognized as a critical factor
in athletics, contributing to both health and athletic perfor-
mance (Gleeson, 2016). Since ancient times, the importance
of nutrition in enhancing athletes’ well-being and optimizing
their physical capabilities has been acknowledged. However,
athletes differ in their understanding, attitudes, and practic-
es when it comes to nutrition. To address this, collaboration
between sports dietitians, nutritionists, athletes, their families,
coaches, and support staff is crucial (Kalman & Campbell,
2004). By working together, they can develop and implement
personalized strategies that are realistic and effective, leading
to positive and long-term performance outcomes.

The significance of carbohydrates as a fuel source during
muscle contraction was first discovered over a century ago by
Chauveau and Kaufmann (Ivy, J. L. 1999). They observed an in-
crease in glucose absorption as a horse began chewing its meal,
highlighting the connection between glucose availability and
physical performance. Subsequent research in the early twenti-
eth century further supported this link. Krogh, A., and Lind-
hard, J. (1920) found that individuals on a high-fat diet experi-
enced fatigue and difficulties in performing a standard cycling
protocol, which improved after three days on a high-carbohy-
drate diet. Similarly, Christensen et. al., 2002 observed that hy-
poglycemia during exercise could be alleviated by carbohydrate
supplementation during recovery, restoring blood glucose levels
and enabling extended activity. These findings aligned with the
work of Levine et al. (1924), who observed hypoglycemia and
associated symptoms of exhaustion in runners during a race.

Carbohydrates are known to be a primary energy source
in sports, particularly in endurance activities. However, there
is limited research on the effects of carbohydrates during
practice sessions (Gomes & Aoki, 2010). Glycogen storage,
regulated by insulin and the availability of glucose substrate,
suggests that carbohydrates with a moderate to high glycemic
index (GI) would enhance post-exercise recovery. Studies have
supported this notion, showing that glucose and sucrose lead
to faster rates of muscle glycogen regeneration compared to
low-GI sugars like fructose (Blom et al., 1987). However, early
studies categorizing carbohydrates as “simple” or “complex”
resulted in conflicting results due to the inability to achieve
consistent differences in glycemic index (Costillet et al., 1981;
Roberts et al., 1988).

The quantity of carbohydrates consumed also affects blood
sugar levels, and the concept of glycemic load (GL) considers
both the quality and quantity of carbohydrates ingested (Bea-
vers & Leutholtz, 2008). Ingesting carbohydrates during exer-
cise, especially in combination with electrolytes, has been asso-
ciated with improved performance, likely due to the availability
of glucose as a substrate for central and peripheral processes.
In hot conditions, fatigue during variable-speed running is pri-
marily attributed to hyperthermia rather than muscle glycogen
availability. Additionally, consuming carbohydrates shortly af-
ter exercise and competition aids in replenishing liver and mus-
cle glycogen stores (Williams & Rollo, 2015).

Over the past five decades, the landscape of sports nutri-
tion has undergone remarkable advancements, transitioning
from glycogen loading techniques to the endorsement of sci-
entifically proven ergogenic aids. (Kalman & Campbell, 2004)
Amid these strides, certain conventional practices like incor-
porating high-carbohydrate diets and administering carbo-
hydrates during exercise exert notable effects on athletes’ im-
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mune system functions. Upholding a resilient immune system
necessitates athletes to adopt a meticulously balanced diet that
caters to their requirements for lipids, carbohydrates, proteins,
and micronutrients (Gleeson, 2016).

The nutritional needs of athletes are intricately linked to
the nature of their activity, the timing of exercise, and even the
changing seasons. Although specific micronutrient mandates
for sporting pursuits remain undefined, individuals grappling
with deficiencies or injuries might find value in supplementa-
tion. Moreover, those who opt to exclude specific food groups,
as seen among vegetarians, could necessitate supplementary
nutrients to avert potential shortfalls (Bytomski, 2018).

In the current research landscape, there is a need to ex-
plore the lack of understanding regarding the crucial role of
carbohydrate consumption in aiding recovery after intense
exercise sessions.

Methods
A. Inclusion Criteria:

The study included various types of literature, such as me-
ta-analyses, systematic reviews, case reports, editorials and
letters, review reports, original research articles, previous ex-
periments, and abstracts.

B. Search Strategy and Study Selection:

In this study, a thorough systematic review was carried
out, involving a comprehensive search of prominent databases
such as PubMed/Medline, Web of Science, Taylor & Francis,
and Google Scholar. The review strictly adhered to the guide-
lines set by Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) to ensure a rigorous and stan-
dardized approach (see Figure 1). Notably, the review was
not pre-registered, and the search terms used encompassed a
range of relevant keywords. These keywords included “carbo-
; “CHO-recovery, Y “nutrients;,” “athletic

hydrates, nutrition,

nutrition,” “nutrition and rehabilitation,” “nutrition and re-
» « » « Lo« » « .

covery, “carbs,” “macronutrients,” “glycogen,” and “glycemic

index” The purpose of utilizing such a diverse set of keywords

was to ensure the inclusion of a wide range of studies and liter-

ature pertinent to the research topic.

C. Exclusion Criteria:
Studies were not included if they did not satisfy the subse-
quent conditions:

o Lack of pertinence to the research subject concerning car-
bohydrate intake and its influence on athletic performance
and recovery after physical activity.

« Not authored in the English language.

o Absence of peer-reviewed validation.

« Employment of non-human models that lacked a distinct
relevance to human participants.

o Inadequate presentation of details regarding carbohydrate
consumption, duration of recovery, or outcomes related to
performance.

« Repetitive publications or superfluous data.

D. Categorization of Studies for Synthesis:

The chosen studies were categorized into specific groups
based on their specific focus and applicability to the objectives
of the research. These groupings encompassed, but were not
confined to, the subsequent domains:

o Relationship Between Carbohydrate Consumption and
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the Preservation of Muscle Glycogen

« Optimization of Nutrient Timing for Recovery Enhancement

« Role of Carbohydrates in Influencing Immune Function

« Disparities in Nutrient Usage Based on Gender

o Effects of Low Glycemic-Index Carbohydrates on Enhanc-
ing Fat Oxidation

o Contributions of Supplements and Micronutrients to the
Recovery Process

E. Assessment of Bias Risk:

The current text lacks an evaluation of bias risk within the
included studies. This omission is crucial as it pertains to gaug-
ing the methodological soundness of the research and com-
prehending potential limitations in study designs, execution,
and reporting. Thoroughly assessing bias risk is instrumental
in upholding the validity and dependability of the conclusions
drawn from the examined studies.

F. Quality Evaluation Scores:
The text does not make any reference to the allocation
of methodological quality scores to the studies that were in-

cluded. The assignment of quality scores or a meticulous as-
sessment of the methodological rigor in each study is indis-
pensable for assessing the collective robustness of evidence
and the extent to which the studies’ findings can be deemed
trustworthy. This systematic process assists in differentiating
well-structured studies from those that might be susceptible to
biases or constraints. Within a systematic review, presenting a
transparent and explicit appraisal of bias risk alongside meth-
odological quality scores serves to elevate the credibility and
dependability of the outcomes. It allows readers to grasp the
strengths and limitations inherent in individual studies, there-
by contributing to a more knowledgeable interpretation of the
cumulative evidence.

There was no specific restriction placed on the time period
of the studies considered, allowing for a comprehensive anal-
ysis of both historical and contemporary research in the field.
Given the varying nature of the collected data, the review opt-
ed for a narrative synthesis approach rather than conducting
a quantitative meta-analysis. This decision was made to effec-
tively accommodate the heterogeneous findings and nuances
presented by the different studies.

Identification of studies via databases and registers

S
= Records removed before screening:
a . . Duplicate records removed
= Records identified from*: (n=289)
é Databases (n=4) Records marked as ineligible by
El Registers (n = 0) automation tools (n = 42)
= Records removed for other reasons
(n=154)
s B
Records screened > Records excluded**
(n=500) (n=173)
o !
‘g Reports sought for retrieval » Reports not retrieved
] (n=284) (n=384)
%}
g !
Reports excluded:
Reason 1: Not relevant to
Re.pt.Jr.t; assessed for » 8 s = 65)
eligibility (n= 200)
g ) Reason 2: Not relevant to
l the present topic (n=92)
Studies included in the review
= for meta-analysis
<
= (n=19)
% The total number of studies used
= & mentioned in reference
(n=46)

Figure 1. PRISMA flowchart of the included studies

Result
Evidence-Based Guidelines for Carbohydrate Consumption and
Recovery:

This section delves into an extensive exploration of evi-
dence-based recommendations related to carbohydrate intake
in the context of short-term recovery following prolonged ex-
ercise. The investigative approach involved a thorough analysis
of literature sources, drawing from reputable databases includ-
ing PubMed, Web of Science, Taylor and Francis, and Google
Scholar. The primary objective was to identify studies that in-
vestigated the recovery of physical performance among human
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participants who exclusively consumed carbohydrates during
recovery periods extending from 2 to 6 hours (refer to Table I).
Rigorous selection criteria dictated the inclusion of complete
publications exclusively from peer-reviewed scientific journals.
In instances where human data was unavailable, data from
non-human models were only employed to support certain
mechanistic concepts. Beyond the presentation of findings, this
study undertakes an examination of the relative significance
of diverse dietary and exercise parameters, and their intricate
interplay, within the broader framework of carbohydrate con-
sumption and post-exercise recovery. Subsequently, the focus
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shifts towards investigating studies that explore the potential
for enhanced benefits through carbohydrate ingestion during
the recovery phase (Betts, J. A., & Williams, C., 2010).

Exploring the Impact of Carbohydrate Combinations on Recovery
and Physical Performance:

Parallel to its primary focus, this study embarks on an
additional pursuit - delving into the direct effects of various
carbohydrate combinations on recovery and physical perfor-
mance. This exploration extends beyond their direct influence

on muscle glycogen resynthesis. It also encompasses pertinent
aspects such as metabolic responses, specifically glucose and
insulin dynamics during both the recovery period and subse-
quent exercise.

Nutritional Considerations for Enhanced Athletic Performance
and Recovery:

The central role of addressing nutritional facets becomes ev-
ident, as imbalances in nutrition can substantially affect athletes’
performance. This underscores the need for a thorough assess-

Table 1. Overview of research assessing muscle glycogen resynthesize during short-term (i.e., 2-6 hours) recovery from
exercise at various rates of carbohydrate consumption alone

Post-exercise

Rate of muscle

Mode of muscle glycogen Duration of Rate of Type of glycogen resynthesize
. . - carbohydrate carbohydrate .
Study (year) exercise prior concentration Recovery . - - . . during recovery (mmol
ingestion during ingested during :
to recovery (mmol glucosyl (hours) recovery (g/kg/h)? recover glucosyl units/kg
units/kg dm/h)’ y{9/kg y dm/h)
Battram et al. Free style
(2004)°" Swimming 51 6 0.99 Glucose polymer 49
Berardi et al. . Glucose polymer/
(20060 20 km cycling 55 6 0.81 meal 22
Betts et al. (2008) Non-
a1 exhaustive 200 4 0.78 Sucrose 12
running
35 0.36 Sucrose 27
. 65 0.36 Glucose 25
Blom et[g]l. (1987) ExchacLlli;tlve 97 5 036 Fructose 14
yeing 9% 0.71 Glucose 24
135 0.16 Glucose 9
Blom (1989)0'7 Butterfly 95 3 0.95 Glucose 40
Swimming
Carrithers et al.
(2000)04 Marathon 107 4 1.00 Glucose 31
Casey et al. (2000) 56 0.27 Sucrose 24
(el Marathon 64 4 0.27 Glucose 32
Caseyetal.(1995) 46 km Cycling 2 3 105 Glucose 40
De Bock et al. . 112 33
(2005)"7 Cycling 191 4 1.53 Glucose polymer "
Doyle et al. (1993) 143 43
P Marathon 146 4 1.61 Glucose polymer 39
Howarth et al. Cvelin 100 4 1.20 Glucose polymer 23
(2009) yeling 100 1.60 poly 25
. . 136 14
Ivy et al. (1988)12% Swimming 156 4 1.20 Glucose polymer 17
136 1.52 22
21 i
Ivy etal. (1988) Triathlon 152 4 0.76 Glucose polymer 19
155 0.00 2
Jentjens et al. Intense
(2001)22 Cycling 105 3 1.22 Glucose polymer 40
Pedersen et al. Intense
(2008)2% Cycling 75 4 1.00 Glucose 38
Slivka et al. (2008) Intense
261 Cycling 194 4 0.95 Glucose polymer 34
Tsintzas et al. 254 0.16 8
(2003)2" Marathon 260 4 055 Glucose polymer 19
Ruby etil. (2005) Cothlnu.ous 57 4 0.90 Glucose 28
24 Swimming
Shearer et al. Intense
(2005)21 Cycling 59 5 1.03 Glucose polymer 48
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ment of athletes’ nutritional needs (Mujica and Burke, 2010). The
customization of hydration and carbohydrate intake strategies,
tailored to the patterns of physical activity and rest intervals,
emerges as a critical approach to optimize recovery, refueling, re-
pair, and regulatory mechanisms (Mujica and Burke, 2010). The
crucial impact of adequate carbohydrate intake on sustaining op-
timal muscle glycogen levels during intense physical exertion is
well-documented. This emphasizes not only the timing but also
the composition of carbohydrate consumption (Maughan, 2002).

Influence of Carbohydrate and Protein Intake on Muscle Damage
and Immune Function:

However, the impact of carbohydrate and protein intake
on exercise-induced minor muscle damage and subsequent
function appears limited (Roberts et al., 2011). Nevertheless,
a range of common sports nutrition practices can influence
athletes’ immune systems. These practices include high-car-
bohydrate diets, carbohydrate intake during exercise, training
under conditions of low glycogen stores, intentional weight
loss diets, high-dose antioxidant supplementation, and pro-
tein intake post-workout (Gleeson, 2016). The necessity for a
balanced diet to support robust immune function in athletes is
thereby underscored (Gleeson, 2016).

Optimal Strategies for Muscle Glycogen Preservation and
Personalized Nutritional Approaches:

Strategies aimed at preserving muscle glycogen between
intense sessions or competitive events necessitate a precise
alignment of fuel supply with the demands of exercise. Note-
worthy is the potential of co-ingesting carbohydrates and
protein to enhance glycogen preservation, particularly in
situations characterized by limited carbohydrate or energy
availability (Burke et al., 2017). Athletes’ macronutrient re-
quirements fluctuate based on factors such as activity type,
training duration, and seasonal variations. While specific mi-
cronutrient needs are not exclusively determined by sports,
individuals with dietary restrictions, such as vegetarians, may
need dietary supplementation to prevent nutrient deficiencies
(Bytomski, 2018).

Micronutrients, Supplements, and Gender-Specific Variances:

The recovery process for athletes encompasses fundamen-
tal elements including protein, carbohydrates, and hydration.
Furthermore, specific micronutrients and supplements like vi-
tamin D, omega-3 polyunsaturated fatty acids, creatine, colla-
gen, vitamin C, and antioxidants contribute to facilitating the
recovery journey (Heaton et al., 2017). It is imperative to tailor
and fine-tune nutritional intake and hydration status to align
with the distinct characteristics of each competition (Marti-
nez-Sanz et al., 2020).

Significance of Low Glycemic-Index Carbohydrates and Gender-
Specific Strategies:

The utility of low glycemic-index carbohydrates shines in
endurance sports, offering benefits such as heightened fat oxi-
dation and reduced glucose oxidation due to decreased insulin
secretion (Caviani et al., 2019). Moreover, pre-exercise con-
sumption of low glycemic-index carbohydrates is proposed
to confer advantages over their high glycemic-index counter-
parts, favoring fat oxidation while curtailing carbohydrate ox-
idation (Caviani et al., 2020). Gender differences in substrate
utilization during endurance exercise warrant recommen-
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dations for gender-specific dietary guidelines, particularly
for active individuals and specific cardiac patients (Lamont,
2005). A notable observation surfaces: male athletes may ex-
hibit greater susceptibility to shifts in macronutrient utiliza-
tion, favoring fat utilization during submaximal exercise on a
ketogenic diet (Durkalec-Michalski et al., 2019).

Study’s Strengths and Limitations:

The study’s strengths are rooted in its adherence to PRIS-
MA guidelines during the systematic review examining the im-
pact of carbohydrates on post-exercise recovery. However, the
diversity within the range of included publications precluded
a formal meta-analysis (Barghouthy and Somani, 2021). Lim-
itations are acknowledged, encompassing potential biases in
sampling and withdrawal in epidemiological studies, lack of
control groups in prospective clinical trials, and constrained
sample sizes in studies focused on stone development. Incon-
sistent findings across various prospective and cohort studies
are attributed to the diversity of dietary patterns. The study
underscores the need for future research to employ well-de-
fined methodologies, robust controls, precise carbohydrate in-
take protocols, and extended follow-up durations (Barghouthy
and Somani, 2021).

Role of Carbohydrates, Performance, and Tailored Nutritional
Approaches:

The central role of carbohydrates in optimizing athletic
performance becomes apparent, particularly when they are
thoughtfully integrated within a training context. However,
the study underscores the importance of prudent nutritional
decisions, considering their potential impact on exercise per-
formance. Consequently, athletes are advised to calibrate their
fluid and carbohydrate consumption in harmony with their
activity patterns and rest intervals. The inclusion of high-car-
bohydrate foods, carbohydrate intake during exercise, low-gly-
cemic index carbohydrate sources, and targeted dietary strate-
gies to optimize glycogen storage are underscored. Meticulous
attention to the temporal and compositional aspects of nutri-
ent intake can expedite the recovery process. Athletes are cau-
tioned against practices like weight loss strategies, excessive
antioxidant supplementation, and immediate post-workout
protein consumption due to their potential influence on the
immune system. The study emphasizes the necessity of tailor-
ing and adjusting nutrient intake and hydration status to align
with the unique characteristics of each activity (Martinez-Sanz
et al., 2020).

Concluding Remarks:

The research underscores the pivotal role of nutrition in
elevating athletic performance and facilitating post-exercise
recovery. The significance of adequate carbohydrate intake,
in conjunction with precise timing and nutrient composition,
for maintaining optimal muscle glycogen levels during intense
physical exertion is unequivocal. While recovery involves in-
tricate interactions among protein, carbohydrates, and hydra-
tion, the study accentuates the importance of micronutrients
and supplements in bolstering the recovery trajectory.

The study’s insight is that common sports nutrition prac-
tices can impact glycogen storage, yet the extent of carbohy-
drate and protein intake’s impact on minor muscle damage and
immune function remains confined. The need for a balanced
diet to support a robust immune function among athletes is
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reemphasized. Strategies aimed at optimizing muscle glycogen
preservation necessitate meticulous alignment of fuel supply
and exercise demands, possibly through co-ingestion of car-
bohydrates and protein. Athletes’ macronutrient requirements
are subject to variability, and dietary supplementation is advo-
cated for those with dietary constraints.

The recovery process benefits from the inclusion of crucial
elements, supplements, and micronutrients, all contributing
to the path of recuperation. Gender-specific considerations
and the utility of low glycemic-index carbohydrates further
underscore the significance of nuanced nutritional strategies.
While the study aligns with PRISMA guidelines and conducts
a comprehensive systematic review, the absence of a formal
meta-analysis due to diverse publications is acknowledged
(Barghouthy and Somani, 2021). The study’s limitations stem
from biases and constraints across various study designs, serv-
ing as a catalyst for future research featuring enhanced meth-
odologies and well-defined protocols. In conclusion, the study
underscores the importance of carbohydrates, mindful nutri-
tional choices, and tailored strategies in augmenting athletic
performance and facilitating post-exercise recovery.

Discussion

The discussion section of the research paper underscores
the importance of nutrition, with a specific focus on carbohy-
drate consumption, in the context of enhancing athletic per-
formance and facilitating post-exercise recovery. The study’s
primary outcomes, supported by a meticulous analysis of di-
verse literature sources, illuminate the indispensable role that
carbohydrates play as a fundamental energy source during
physical exertion. The research underscores the critical sig-
nificance of maintaining appropriate levels of carbohydrate
intake, alongside careful consideration of timing and nutrient
composition, to ensure the preservation of optimal muscle
glycogen levels amid demanding exercise regimens.

The study is in harmony with historical insights that have
long emphasized the pivotal connection between nutrition
and athletic endeavors. Pioneering observations such as the
correlation between glucose availability and physical prowess
have laid the groundwork for comprehending the essential
contribution of carbohydrates in powering muscular contrac-
tions. The research further advances the knowledge gained
from prior investigations that delved into the ramifications of
carbohydrate consumption on aspects encompassing exercise
performance, recovery kinetics, and immune system function.

A central theme that emerges is the imperative of custom-
izing nutrition strategies for athletes. The discussion sheds
light on the multifaceted and intertwined nature of athletes’
nutritional requisites, which encompass variables such as the
nature of physical activity, duration of training, and even sea-
sonal fluctuations. The study emphasizes targeted dietary ap-
proaches, including integrating high-carbohydrate foods and
strategically incorporating carbohydrate intake during exer-
cise, as strategies to bolster recovery mechanisms and amplify
performance outcomes. Moreover, the research underscores
the advantages associated with low glycemic-index carbohy-
drates in endurance-based sports, while also highlighting the
potential divergence in nutrient utilization patterns based on
gender.

While the study furnishes a comprehensive exploration
and novel insights, it remains attuned to certain limitations
inherent in its methodology. These limitations encompass
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potential biases stemming from the sampling process, the ab-
sence of control groups in select studies, and the divergence in
study designs across the reviewed literature. Acknowledgment
is also extended to the fact that the diverse array of publica-
tions precluded a formal meta-analysis, which constitutes a
genuine limitation.

The study’s strengths reside in its meticulous adherence
to the PRISMA guidelines, and its substantive contribution to
our comprehension of the pivotal role carbohydrates play in
the trajectory of post-exercise recovery. The research serves as
a poignant reminder of the criticality of maintaining a holistic
nutritional approach that encompasses not just macronutri-
ents like carbohydrates and proteins, but also micronutrients
and supplementary elements. The discussion further under-
scores the ongoing necessity for sustained research endeavors
aimed at addressing inherent limitations and substantiating
conclusive evidence concerning the intricate interplay be-
tween carbohydrate consumption, recovery kinetics, and the
broader panorama of athletic performance.

Conclusion

In conclusion, this research underscores the essential role
of nutrition, particularly carbohydrate consumption, in opti-
mizing athletic performance and accelerating post-exercise re-
covery. In practical terms, athletes, coaches, and practitioners
can glean valuable insights from this study to enhance per-
formance through effective nutritional strategies. The findings
emphasize the value of integrating high-carbohydrate foods,
strategically timing carbohydrate intake during exercise, and
incorporating low glycemic-index carbohydrates in endurance
sports. By aligning nutrition with the unique requirements of
athletes, recovery can be enhanced, leading to improved over-
all performance. Nevertheless, it’s crucial to acknowledge the
study’s limitations, including potential sampling biases and
the diversity of study designs. To advance our understanding,
future research should focus on addressing these limitations
and establishing a comprehensive framework that delves into
the intricate relationship between carbohydrate intake, recov-
ery kinetics, and athletic achievement.

Competing interests

The authors declare that they have no known competing
financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Funding

All costs related to the study, including research design,
data collection, and submission, were fully covered by the au-
thor. No additional funds were received from funding author-
ities. The author takes full responsibility for the content of this
publication.

References

Ivy, J. L. (1999). Role of carbohydrate in physical activity. Clin-
ics in sports medicine, 18(3), 469-484.

Krogh, A., & Lindhard, J. (1920). The relative value of fat and
carbohydrate as sources of muscular energy: with appen-
dices on the correlation between standard metabolism and
the respiratory quotient during rest and work. Biochemi-
cal Journal, 14(3-4), 290.

Chattopadhyay, A., Majumder, P., & Mondal, T. Chapter-1
Effects of Various Types of Carbohydrate Supplements in

DOI 10.26773/mjssm.230907



ROLE OF CARBOHYDRATES AND NUTRITION IN ATHLETIC PERFORMANCE | C. DHIMAN & B. C. KAPRI

Endurance Performance.

Levine, S. A., Gordon, B., & Derick, C. L. (1924). Some chang-
es in the chemical constituents of the blood following a
marathon race: with special reference to the development
of hypoglycemia. Journal of the American Medical Associ-
ation, 82(22), 1778-1779.

Blom, P. C, Hestmark, A. T., Vaage, O., Kardel, K. R,, &
MaxHLUM, S. V. E. R. R. E. (1987). Effect of different
post-exercise sugar diets on the rate of muscle glycogen
synthesis. Medicine and Science in Sports and Exercise,
19(5), 491-496.

Costill, D. L., Sherman, W. M., Fink, W. J., Maresh, C., Wit-
ten, M., & Miller, J. M. (1981). The role of dietary carbo-
hydrates in muscle glycogen resynthesis after strenuous
running. The American journal of clinical nutrition, 34(9),
1831-1836.

Roberts, K.M., Noble, E.G., Hayden, D.B. and Taylor,A.W.
(1988). Simple and complex carbohydrate-rich dietsand
muscle glycogen content of marathon runners.Europe-
an Journal of Applied Physiology,57, 70-74.

Battram, D. S., Shearer, J., Robinson, D., & Graham, T. E.
(2004). Caffeine ingestion does not impede the resynthesis
of proglycogen and macroglycogen after prolonged exer-
cise and carbohydrate supplementation in humans. Jour-
nal of Applied Physiology, 96(3), 943-950.

Berardi, J. M., Price, T. B., Noreen, E. E., & Lemon, P. W.
(2006). Postexercise muscle glycogen recovery enhanced
with a carbohydrate-protein supplement. Medicine & Sci-
ence in Sports & Exercise, 38(6), 1106-1113.

Betts JA, Williams C, Boobis L, et al. Increased carbohydrate
oxidation after ingesting carbohydrate with added protein.
Med Sci Sports Exerc 2008; 40 (5): 903-12

Blom CS, Hostmark AT, Vaage O, et al. Effect of different
post-exercise sugar diets on the rate of muscle glycogen
synthesis. Med Sci Sports Exerc 1987; 19 (5): 491-6

Blom CS. Post-exercise glucose uptake and glycogen synthesis
in human muscle during oral or i.v. glucose in take. Eur J
Appl Physiol 1989; 59 (5): 327-33

Carrithers JA, Williamson DL, Gallagher PM, et al. Effects of
postexercise carbohydrate-protein feedings on muscle gly-
cogen restoration. ] Appl Physiol 2000; 88 (6): 1976-82

Casey A, Mann R, Banister K, et al. Effect of carbohydrate in-
gestion on glycogen resynthesis in human liver and skele-
tal muscle, measured by 13C MRS. Am J Physiol

2000; 278: E65-75

Casey A, Short AH, Hultman E, et al. Glycogen resynthesis
in human muscle fibre types following exercise-induced
glycogen depletion. ] Physiol (Lond) 1995; 483 (1): 265-71

De Bock K, Richter EA, Russell AP, et al. Exercise in the fast-
ed state facilitates fibre type-specific intramyocellular lipid
breakdown and stimulates glycogen resynthesis in hu-
mans. ] Physiol (Lond) 2005; 564 (2): 649-60

Doyle JA, Sherman WM, Strauss RL. Effects of eccentric and
concentric exercise on muscle glycogen replenishment. ]
Appl Physiol 1993; 74 (4): 1848-55

Howarth KR, Moreau NA, Phillips SM, et al. Coingestion of
protein with carbohydrate during recovery from endur-
ance exercise stimulates skeletal muscle protein synthesis
in humans. ] Appl Physiol 2009; 106 (4): 1394-402

Ivy JL, Katz AL, Cutler CL, et al. Muscle glycogen synthesis
after exercise: effect of time of carbohydrate ingestion. ]
Appl Physiol 1988; 64 (4): 1480-5

DOI 10.26773/mjssm.230907

Ivy JL, Lee MC, Brozinick Jr JT, et al. Muscle glycogen storage
after different amounts of carbohydrate ingestion. ] Appl
Physiol 1988; 65 (5): 2018-23

Jentjens RLPG, van Loon LJC, Mann CH, et al. Addition of
protein and amino acids to carbohydrates does not en-
hance postexercise muscle glycogen synthesis. ] Appl
Physiol 2001; 91 (2): 839-46

Pedersen, D. ], Lessard, S. J., Coffey, V. G., Churchley, E. G.,
Wootton, A. M., Watt, M. J., & Hawley, J. A. (2008). High
rates of muscle glycogen resynthesis after exhaustive exer-
cise when carbohydrate is coingested with caffeine. Journal
of Applied Physiology.

Ruby, B. C., Gaskill, S. E., Slivka, D., & Harger, S. G. (2005). The
addition of fenugreek extract (Trigonella foenum-grae-
cum) to glucose feeding increases muscle glycogen resyn-
thesis after exercise. Amino acids, 28(1), 71.

Shearer, J., Wilson, R. J., Battram, D. S., Richter, E. A., Robin-
son, D. L., Bakovic, M., & Graham, T. E. (2005). Increases
in glycogenin and glycogenin mRNA accompany glycogen
resynthesis in human skeletal muscle. American Journal
of Physiology-Endocrinology and Metabolism, 289(3),
E508-E514.

Slivka, D., Cuddy, J., Hailes, W., Harger, S., & Ruby, B. (2008).
Glycogen resynthesis and exercise performance with the
addition of fenugreek extract (4-hydroxyisoleucine) to
post-exercise carbohydrate feeding. Amino Acids, 35, 439-
444,

Tsintzas, K., Williams, C., Boobis, L., Symington, S., Moore-
house, J., Garcia-Roves, P.,, & Nicholas, C. (2003). Effect
of carbohydrate feeding during recovery from prolonged
running on muscle glycogen metabolism during subse-
quent exercise. International journal of sports medicine,
24(06), 452-458.

Betts, J. A., & Williams, C. (2010). Short-term recovery from
prolonged exercise: exploring the potential for protein in-
gestion to accentuate the benefits of carbohydrate supple-
ments. Sports medicine, 40, 941-959.

Beavers, K., & Leutholtz, B. (2008). Glycemic Load Food
Guide Pyramid for Athletic Performance. STRENGTH
AND CONDITIONING JOURNAL, 30(3), 10-14. https://
doi.org/10.1519/SSC.0b013e3181770a59

Burke, L., van Loon, L., & Hawley, J. (2017). Postexercise
muscle glycogen resynthesis in humans. JOURNAL OF
APPLIED PHYSIOLOGY, 122(5), 1055-1067. https://doi.
org/10.1152/japplphysiol.00860.2016

Bytomski, J. (2018). Fueling for Performance. SPORTS
HEALTH-A MULTIDISCIPLINARY APPROACH, 10(1),
47-53. https://doi.org/10.1177/1941738117743913

Durkalec-Michalski, K., Nowaczyk, P., & Siedzik, K. (2019).
Effect of a four-week ketogenic diet on exercise metabo-
lism in CrossFit-trained athletes. JOURNAL OF THE IN-
TERNATIONAL SOCIETY OF SPORTS NUTRITION, 16.
https://doi.org/10.1186/512970-019-0284-9

Gilbert, N. (2009). Symposium on “Performance, exercise
and health” Practical aspects of nutrition in performance.
PROCEEDINGS OF THE NUTRITION SOCIETY, 68(1),
23-28. https://doi.org/10.1017/S0029665108008793

Gleeson, M. (2016). Immunological aspects of sport nutrition.
IMMUNOLOGY AND CELL BIOLOGY, 94(2), 117-123.
https://doi.org/10.1038/icb.2015.109

Gomes, R., & Aoki, M. (2010). Does Carbohydrate Supplemen-
tation Maximize Performance of Tennis Players? REVISTA

55



ROLE OF CARBOHYDRATES AND NUTRITION IN ATHLETIC PERFORMANCE | C. DHIMAN & B. C. KAPRI

BRASILEIRA DE MEDICINA DO ESPORTE, 16(1), 67-70.
https://doi.org/10.1590/S1517-86922010000100013

Heaton, L., Davis, J., Rawson, E., Nuccio, R., Witard, O., Stein,
K., Baar, K., Carter, J., & Baker, L. (2017). Selected In-Sea-
son Nutritional Strategies to Enhance Recovery for Team
Sport Athletes: A Practical Overview. SPORTS MEDI-
CINE, 47(11), 2201-2218. https://doi.org/10.1007/s40279-
017-0759-2

Kalman, D., & Campbell, B. (2004). SPORTS NUTRITION:
WHAT THE FUTURE MAY BRING. JOURNAL OF THE
INTERNATIONAL SOCIETY OF SPORTS NUTRITION,
1, 61-66. https://doi.org/10.1186/1550-2783-1-1-61

Kaviani, M., Chilibeck, P, Gall, S., Jochim, J., & Zello, G.
(2020). The Effects of Low- and High-Glycemic Index
Sport Nutrition Bars on Metabolism and Performance in
Recreational Soccer Players. NUTRIENTS, 12(4). https://
doi.org/10.3390/nu12040982

Kaviani, M., Chilibeck, P., Jochimi, J., Gordon, J., & Zello, G.
(2019). The Glycemic Index of Sport Nutrition Bars Af-
fects Performance and Metabolism During Cycling and
Next-Day Recovery. JOURNAL OF HUMAN KINETICS,
66(1), 69-79. https://doi.org/10.2478/hukin-2018-0050

Lamont, L. (2005). Gender differences in amino acid use
during endurance exercise. NUTRITION REVIEWS,
63(12), 419-422. https://doi.org/10.1301/nr.2005.dec.419-
422

Martinez-Sanz, J., Nunez, A., Sospedra, 1., Martinez-Ro-
driguez, A., Dominguez, R., Gonzalez-Jurado, J., & San-
chez-Oliver, A. (2020). Nutrition-Related Adverse Out-

56

comes in Endurance Sports Competitions: A Review of
Incidence and Practical Recommendations. INTERNA-
TIONAL JOURNAL OF ENVIRONMENTAL RESEARCH
AND PUBLIC HEALTH, 17(11). https://doi.org/10.3390/
ijerph17114082

Maughan, R. (2002). The athlete’s diet: Nutritional goals and
dietary strategies. PROCEEDINGS OF THE NUTRI-
TION SOCIETY, 61(1), 87-96. https://doi.org/10.1079/
PNS2001132

Mujika, I., & Burke, L. (2010). Nutrition in Team Sports. AN-
NALS OF NUTRITION AND METABOLISM, 57, 26-35.
https://doi.org/10.1159/000322700

Roberts, S., Stokes, K., Trewartha, G., Hogben, P, Doyle, J.,
& Thompson, D. (2011). Effect of combined carbohy-
drate-protein ingestion on markers of recovery after sim-
ulated rugby union match-play. JOURNAL OF SPORTS
SCIENCES, 29(12), 1253-1262. https://doi.org/10.1080/0
2640414.2011.587194

Williams, C., & Rollo, I. (2015). Carbohydrate Nutrition and
Team Sport Performance. SPORTS MEDICINE, 45, S13—
S22. https://doi.org/10.1007/s40279-015-0399-3

Barghouthy, Y., & Somani, B. K. (2021). Role of citrus fruit
juices in prevention of kidney stone disease (KSD): a nar-
rative review. Nutrients, 13(11), 4117.

Boskov Hansen, H., Andreasen, M., Nielsen, M., Larsen, L.,
Knudsen, B. K., Meyer, A., ... & Hansen, A. (2002). Chang-
es in dietary fibre, phenolic acids and activity of endoge-
nous enzymes during rye bread-making. European Food
Research and Technology, 214, 33-42.

DOI 10.26773/mjssm.230907



