¥

D
¥

Tl ]
g nutrients

Article

Post-Exercise Nutrition Knowledge and Adherence to
Recommendations Among Amateur Endurance Athletes

Lilla Csanaky %*, Agnes Czeglédiné Asztalos -2, Dorottya Té6th 13, Eva Polyak 2

check for
updates
Academic Editor: Miguel

Mariscal-Arcas

Received: 30 October 2025
Revised: 14 November 2025
Accepted: 19 November 2025
Published: 20 November 2025

Citation: Csanaky, L.; Asztalos, A.C,;
Téth, D.; Polyék, E; Figler, M.
Post-Exercise Nutrition Knowledge
and Adherence to Recommendations
Among Amateur Endurance Athletes.
Nutrients 2025,17,3629. https://
doi.org/10.3390/nul17223629

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

and Maria Figler 24

Doctoral School of Health Sciences, Faculty of Health Sciences, University of Pécs, 7621 Pécs, Hungary;
agnes.asztalos@etk.pte.hu (A.C.A.); dorottya.toth@etk.pte.hu (D.T.)

Institute of Nutritional Sciences and Dietetics, Faculty of Health Sciences, University of Pécs,

7621 Pécs, Hungary; eva.polyak@etk.pte.hu (E.P.); maria.figler@pte.hu (M.E)

Institute of Physiotherapy and Sport Science, Faculty of Health Sciences, University of Pécs,

7621 Pécs, Hungary

2nd Department of Internal Medicine and Nephrology Center, University of Pécs, 7624 Pécs, Hungary
*  Correspondence: lilla.csanaky@etk.pte.hu

Abstract

Background/Objectives: Optimal post-exercise nutrition is critical for maximizing recov-
ery and subsequent performance. However, athletes often lack knowledge of guidelines,
leading to suboptimal practices, particularly inadequate carbohydrate intake for glycogen
resynthesis. This study aimed to assess the adherence of Hungarian endurance athletes to
nutritional recommendations, identifying deficits and guiding the development of effective
educational strategies. Methods: A cross-sectional study surveyed 113 amateur Hungar-
ian endurance athletes (mean age 40.04 £ 9.89 years) training > 3 times/week using a
self-developed online questionnaire. A ten-item composite measure, the Post-Exercise
Nutrition Recommendation Adherence Score (PENRAS, max 10 points), was calculated
to assess adherence. Statistical analyses, including ANOVA and regression, were used
to explore factors influencing PENRAS and nutritional practices. Results: The overall
mean PENRAS was 5.32 &+ 1.52, indicating room for improvement. The most pronounced
deficit was observed in quantitative knowledge, with only 1.8% of participants correctly
identifying the optimal carbohydrate content required for rapid glycogen resynthesis. Con-
currently, high protein content (58.4%) was mentioned by a higher percentage than high
carbohydrate content (52.2%) as an aspect of post-exercise meal planning. Triathletes had
significantly higher PENRAS than runners (6.28 vs. 4.97, p = 0.001). Higher PENRAS
was also significantly associated with consultation with a dietitian (p = 0.018). Reliance
on professionals positively predicted knowledge, while online sources were a significant
negative predictor. Higher PENRAS was associated with better meal planning and earlier
post-exercise meal timing. Conclusions: Endurance athletes” post-exercise nutritional
practices are suboptimal. The findings emphasize the need for targeted interventions prior-
itizing education on carbohydrate intake and redirecting athletes towards evidence-based
information to improve adherence and performance outcomes.

Keywords: endurance athletes; post-exercise nutrition; nutrition knowledge; recovery;
PENRAS; triathlon

1. Introduction

The close relationship between athletic performance and nutrition has become in-
creasingly evident over the past few decades. Consequently, to optimize performance
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and maximize training adaptations, it is crucial for athletes to ensure adequate nutritional
intake and establish dietary strategies that are precisely customized to their training load.
By appropriately scheduling their macronutrient intake, athletes can support their training
goals, whether they aim to optimize body composition, rapidly replenish glycogen stores,
or promote protein synthesis [1].

According to study results, athletes’ nutrition is often not aligned with their training
load and fails to provide the necessary nutrient supply for high-level performance [2,3].
Achieving appropriate performance requires a sport-specific approach. In the case of
endurance sports, adequate carbohydrate intake is particularly important. However, in
today’s diet culture, which often stigmatizes carbohydrates and is permeated by miscon-
ceptions, both amateur and professional athletes frequently fail to reach the necessary
carbohydrate intakes tailored to their training load [4-6].

The root of inadequate nutrient intake is often a lack of knowledge regarding scientific
guidelines [7-9]. Athletes typically base their habits regarding sports nutrition and the use
of dietary supplements on their own experiences, the accounts of other athletes, or informa-
tion from online sources, with few being familiar with professional recommendations [7,8].

However, the effective translation and application of post-exercise nutritional rec-
ommendations often remain suboptimal [7]. When considering the composition of
post-exercise meals, athletes often encounter recommendations tailored for resistance-type
training. Applying these recommendations in the context of endurance sports may not
optimally support the achievement of maximum athletic performance. For example, many
athletes consume protein-containing dietary supplements in the hope of faster recovery
and a more favorable body composition (i.e., greater protein synthesis and increased fatty
acid oxidation), but they often overlook replenishing their depleted glycogen stores. Ac-
cording to dietary records, a higher proportion of amateur runners meet the recommended
minimum protein intake after exercise than they do for carbohydrate intake [8].

Key determinants of carbohydrate utilization during exercise include the volume (total
duration) and intensity of the activity, as well as the athlete’s total energy expenditure,
and exercise economy, the latter being important since the energy cost required for a given
performance output is highly individual. Higher-intensity exercise leads to a greater rate
of carbohydrate oxidation, making muscle glycogen and blood glucose the predominant
energy sources. In contrast, at lower intensities, a larger proportion of energy is derived
from fat oxidation, thereby preserving glycogen stores.

The rate and proportion of carbohydrate utilization vary substantially across different
sports disciplines, depending on the nature of the exercise and its metabolic demands. In
endurance-based events such as marathon running, road cycling, or cross-country skiing,
athletes perform sustained, moderate-to-high-intensity exercise that places a high demand
on carbohydrate availability. The primary nutritional goal in these cases is to maintain a
high rate of exogenous carbohydrate oxidation, which underlies the widely recommended
intake of 60-90 g-h~! to spare muscle glycogen [10]. Conversely, ultra-endurance events,
such as Ironman triathlons or ultramarathons, involve a lower relative intensity but ex-
tremely high total volume and cumulative energy expenditure. Although the reliance on
fat oxidation is higher, the sheer duration of these events can necessitate carbohydrate
intakes of up to 120 g-h~! (when using multiple transportable carbohydrates) to mitigate
severe energy deficits and sustain central nervous system function [10].

During long-duration, high-intensity training sessions, muscle and liver glycogen
stores become depleted, a process that contributes to fatigue and diminishes perfor-
mance [10]. According to current sports nutrition guidelines, following an endurance-type
training load, an intake of 1-1.2 g-BW~!-h~! of carbohydrate is recommended during the
four-hour period after exercise to ensure the fastest possible replenishment of glycogen
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stores in the muscles and liver [11-16]. The importance of rapid replenishment is par-
ticularly high when the recovery window is narrow (i.e., less than 8 h between training
sessions), a highly relevant factor for triathletes and other endurance athletes due to their
high training volume. The rate of glycogen resynthesis is highest during the first 1-2 h
post-exercise. Consuming adequate carbohydrates in this critical period is essential for ath-
letes engaging in frequent and intensive endurance training, as it enables proper recovery
before the next training session [13,14,17].

Questionnaires designed to assess nutritional knowledge are often general and, in
some cases, time-consuming to complete [18-26]. Even if they include a few questions
regarding recovery, this is often insufficient to fully assess the complexity of the subject.
The importance of this topic is underscored by a survey utilizing the Comprehensive
Evaluation of Athlete’s Knowledge Questionnaire (CEAC-Q), specifically designed to
assess carbohydrate knowledge among endurance athletes. Within this survey, the lowest
rate of correct answers was recorded in the questionnaire’s recovery section [27]. In
the case of the PEAKS-NQ, selecting appropriate recovery meals/nutrients is similarly
noted as one of the more challenging sports nutrition concepts [23]. Ultra-endurance
athletes, on the other hand, reached significantly higher scores in the recovery questions
and performed significantly worse in the fluid and supplement questions [28]. To address
this identified gap, we developed the Post-Exercise Nutrition Recommendation Adherence
Score (PENRAS) as a specific, multi-faceted composite measure. Our research aims to
comprehensively assess Hungarian endurance athletes’ knowledge of and adherence to
post-exercise nutritional recommendations—a key area not extensively covered in the
existing literature. Furthermore, we investigated the influence of sociodemographic factors,
sport discipline, and sources of nutrition information on both knowledge and practical
habits. Obtaining this insight is crucial for developing more effective educational strategies
for this population, as the pivotal role of sports nutrition professionals in significantly
improving athletes” nutritional knowledge and practices is well established [29-31].

2. Materials and Methods
2.1. Study Design

The present study investigated the knowledge and habits related to post-workout nu-
trition among a cohort of Hungarian endurance athletes, using a self-developed online ques-
tionnaire between March 2022 and June 2023. The questionnaire (Supplementary Materials)
was administered via Google Forms software (Google LLC, Mountain View, CA, USA). A
link to the questionnaire was delivered to the participants via email and various social me-
dia platforms. The questionnaire was actively available and collected responses throughout
this period, from March 2022 until it was closed in June 2023.

Respondents were recruited in part through expert sampling, given that the authors
had connections with endurance athlete teams. Additionally, snowball method was applied,
as the study was promoted online through a variety of social media platforms. Individuals
were eligible to take part in this study if they were healthy endurance athletes aged over
18 years and engaged in endurance training at least three times per week. We specified in
the recruitment advertisement that we were seeking responses exclusively from amateur
endurance athletes. This was intended to exclude professional or elite athletes whose
training loads and access to nutritional resources may differ significantly from the general
amateur athletic population. The research population consisted of non-elite, dedicated
amateur triathletes and runners who participate in races recreationally.

All experimental procedures were approved by the local Ethics Committee (Sci-
entific and Research Committee of the Medical Research Council, Hungary; Decision
1V /573-1/2022 /EKU) and were conducted in accordance with the Declaration of Helsinki.
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All participants were provided with information about the aim of the research and were
informed of the confidential use of their data for statistical purposes, and that the results
would be published in scientific presentations and academic papers. Participants provided
their electronic informed consent before completing the questionnaire.

The overall course of the research, including the timeline for data collection and
participant flow, is summarized in Figure 1.

Course of the research

Questionnaire Statistical
survey analysis

Obtaining ethics
approval

+ ) Dissemination
2 4 W 5 ) of results
Niniial = 126 Ny = 113
completed analytical sample
submissions

Development of a g .
Recruitment Screening
of participants Exclusion check

Measurement
Protocol

n=13
° . excluded
022

2022 2023 2024 2025

Figure 1. Course of the Study and Participant Flow.

2.2. Participants

A total of 126 completed questionnaires were initially received. Thirteen (13) partici-
pants were excluded from the final analysis because their self-reported training frequency
did not meet the minimum three-times-per-week inclusion criterion. The final analytical
sample consisted of 113 participants with a mean age of 40.04 years (SD = 9.89), ranging
from 19 to 70 years. The age distribution of respondents was close to symmetrical, with a
median age of 41 years. The gender distribution in our sample was relatively balanced, with
57.5% (n = 65) female and 42.5% (1 = 48) male respondents. The majority of respondents
were highly educated, with 78.8% (n = 89) possessing a university degree. The remaining
21.2% had completed secondary education, including vocational school (n = 11) and high
school (n = 13).

In accordance with the inclusion criteria, the sample consisted of endurance athletes
performing endurance training a minimum of three times per week. 23.9% (n = 27) of
the participants identified themselves as triathletes. 43.4% of the sample exclusively
participated in running, while one participant reported cycling as the sole endurance
activity. 17.7% practiced both running and cycling on a regular basis, 6.2% combined
running and swimming, and 8% regularly performed running, cycling, and swimming
without participating in triathlon competitions. For later statistical analysis, participants
were classified into three groups based on their sports: runners (those who exclusively
ran), triathletes, and mixed endurance athletes (all other participants engaging in multiple
endurance sports). This categorization was based solely on the discipline(s) practiced
by the athletes and not on self-reported weekly training volume. Group comparisons of
demographic variables are presented in Section 3.

2.3. Questionnaire

The questionnaire was created in Hungarian and consisted of multiple sections. The
first section included demographic questions (gender, age, and highest educational level)
and basic anthropometric data (height and weight). The second section focused on general
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dietary habits, including the presence of food allergies and intolerances, dietary patterns
followed, nutrition-related goals, the number of meals consumed on recovery and training
days, meal planning routines, nutrition periodization strategies, sources of nutrition infor-
mation, and prior consultation with a dietitian or sports nutritionist. Since no validated
questionnaire specifically addressing post-exercise nutrition knowledge and habits of en-
durance athletes was available at the time of the survey, we developed our own questions
to assess this crucial topic. Given the study’s focus on this area, multiple questions were
dedicated to key aspects, including the timing and composition of post-exercise meals,
knowledge about optimal recovery windows, as well as awareness of the optimal car-
bohydrate content of post-workout meals. Participants were asked about their typically
consumed foods and beverages after exercise, as well as factors considered when choos-
ing their post-exercise meal. Further sections included several questions related to the
supplements used by the athletes and their fluid intake, as well as their training habits.
All questions in the online questionnaire were set as mandatory response fields. This
method effectively eliminated item-level missing data within the accepted n = 113 sample.
Consequently, the statistical analysis did not require imputation or handling of internal
missing values for the core variables.

2.4. Data Analysis

For the purpose of this study, the collected data were systematically processed and
analyzed in four distinct stages: analysis of demographic data, the development of the
Post-Exercise Nutrition Recommendation Adherence Score (PENRAS), mapping paths
leading to higher PENRAS, and investigating the associations between PENRAS and
dietary habits.

The initial stage of analysis focused on the compilation and processing of demographic
and foundational sports-related data for the respondents. Descriptive statistics were used
to interpret demographic statistics and response frequencies. For the presentation of
continuous variables, means and standard deviations (SD) were used, while categorical
variables were presented as frequencies and percentages.

For later analysis, participants were grouped into the following categories: runners,
triathletes, and mixed endurance athletes. Respondents who participated in at least two
endurance sports were classified as mixed endurance athletes. One respondent identified
exclusively as a cyclist and could not be assigned to the above categories, so his data were
excluded from analyses broken down by sports groups. Demographic differences between
sport groups were analyzed via Pearson’s chi-square tests and Kruskal-Wallis tests.

In addition to the demographic description, frequency analysis was used to examine
the dietary patterns and nutrition-related goals of respondents. To evaluate the potential dif-
ferences between these nutrition-related goals, a series of McNemar's tests was performed.

In the second block, a composite score was created that we named PENRAS
(Post-Exercise Nutrition Recommendation Adherence Score). We assessed the athletes
nutritional knowledge and level of adherence to guidelines related to recovery nutrition in

’

the context of endurance training. This was done using a set of self-developed questions. To
create a composite score, 10 individual response options were selected from these questions.
This part of the questionnaire included two types of questions: those measuring theoreti-
cal knowledge and those assessing actual practices. For the knowledge-based questions,
response options included the correct quantities and timeframes, along with smaller and
larger values to evaluate accuracy. Other items specifically investigated how athletes apply
these habits in practice. The combination of knowledge-based and practice-based items was
conceptually driven by the aim to measure overall compliance to post-exercise nutrition
recommendations. Effective adherence requires both the necessary theoretical foundation
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(knowledge) and the successful application of this knowledge in a real-world scenario
(practice). Each of the ten items was analyzed individually using frequency data.

To assess which areas require the most focus in educational activities, we established
three reference ranges based on the percentage of correct answers for each item: “low”
(0-39%), “moderate” (40-69%), and “high” (70-100%). This categorization was based on
the criteria thresholds used in a study assessing knowledge of carbohydrate guidelines of
endurance athletes [27].

The ten items used as indicators to assess the participants’ post-exercise nutrition
knowledge and habits were as follows: the optimal timing of post-exercise meals; the key
aspects considered when selecting post-exercise nutrition; the recommended carbohydrate
content of a post-exercise meal; and whether participants intentionally increase their
carbohydrate and protein intake on days involving more intense training sessions.

The scoring procedure for each item was defined according to specific criteria. For
multidimensional response items, participants could provide multiple correct elements.
For example, in the assessment of key aspects of post-exercise nutrition selection, one
point was assigned for mentioning each of the following: high carbohydrate, high sodium,
high protein, high energy content, easy digestibility, and low fat content. A summative
approach was used, awarding one point for each correctly identified component, allowing
a nuanced assessment of partial knowledge. For quantitative items (e.g., recommended
carbohydrate intake), the scoring procedure was designed to assign partial credit for
responses that demonstrated a degree of correct knowledge, such as awarding 0.5 points
for the two answers closest to the optimum, while only the fully correct response received
the full point.

According to current guidelines, the optimal timing for nutrient intake to facil-
itate post-exercise glycogen synthesis and rapid recovery is considered to be within
two hours. Consequently, any timing options presented within this two-hour window
(within 30 min/60 min/2 h) were deemed correct [13,14,17]. Regarding the optimal car-
bohydrate content of the post-exercise meal, one point was given to the correct answer
(1-1.2 g-BW~1-h~1), and 0.5 points were given to the two options closest to the correct
answer (0.8-1 g/BW/h and 1.2-1.6 g-BW~1-h~!). This methodology was based on the
guidelines published by the International Society of Sports Nutrition and the Position of
the Academy of Nutrition and Dietetics, Dietitians of Canada, and the American College of
Sports Medicine: Nutrition and Athletic Performance [12].

The minimum score that could be obtained was 0, and the maximum reachable
score was 10. Descriptive statistics, including the mean, standard deviation, distribution
characteristics (median, minimum and maximum values), and frequencies with their
corresponding percentages, were reported for this scale. The PENRAS demonstrated an
acceptable level of normality (skewness = —0.30, kurtosis = —0.50).

The third analytical block focused on evaluating the predictors of PENRAS, specif-
ically examining the influence of demographic and sport-related factors and analyzing
the role and predictive value of various information sources utilized by the participants.
To evaluate the association of demographic and sport-related factors on the PENRAS,
univariate ANOVA was conducted, with sport group, gender, age, education level, and
previous consultation with a dietitian entered as independent variables. Weekly endurance
training volume was included in the model as a separate covariate to statistically control
for its potential effect on the PENRASs. Due to the limited sample size, only main effects
were tested, and no interaction terms were included. Partial eta squared (17%) values were
reported as effect sizes for significant predictors.

Additionally, we analyzed the influence of various information sources on the par-
ticipants” knowledge score. The extent to which respondents utilized specific sources of
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information (e.g., coaches, online platforms, nutritional professionals) was measured on
a 1-5 Likert scale. Differences in the ratings of these scores were then assessed using a
Wilcoxon signed-rank test. To analyze the predictive value of the information sources
on PENRASs, a linear regression analysis was performed. The assumptions of the linear
regression were analyzed and met.

The fourth analytical block aimed to characterize the participants’” dietary and meal
planning habits using descriptive statistics, and subsequently employed ordinal regres-
sion analysis to investigate the association of various factors, including the PENRAS, on
these nutritional practices. Descriptive statistics were used to characterize the general
dietary habits of the sample. Frequencies and percentages were calculated to analyze
the macronutrient periodization according to training load and meal planning habits of
the athletes.

Ordinal regression analyses were applied (PLUM models) to explore the relationship
of various predictors (e.g., PENRAS, gender, age, sport group, consultation with a dieti-
tian, training volume) on meal planning habits, timing of post-exercise meals, timing of
energy-containing beverage consumption, and the frequency of consumption of specific
food items in the post-exercise period. Model fit was evaluated using chi-square statistics,
and explanatory power was interpreted based on Nagelkerke R? and McFadden R? values.

All data analyses were conducted using IBM SPSS Statistics software (version 28.0.0.0,
IBM Corp., Armonk, NY, USA). The significance level was set at p < 0.05 for all statistical tests.

3. Results
3.1. Comparison of Demographic Characteristics Between Sport Groups

Before the main analyses, demographic characteristics of the three sport groups (run-
ners, mixed endurance athletes, and triathletes) were compared. A detailed summary of
these characteristics is presented in Table 1. According to Pearson’s chi-square test, there
was no statistically significant difference between the three groups as regards the gender
distribution of the participants (p = 0.302). The proportion of female athletes was 65.3%
among runners, 50.0% in the mixed sports group, and 51.9% among triathletes. Similarly,
the ratio of participants who had previously consulted a dietitian did not show a statisti-
cally significant difference between groups (p = 0.457). An observable trend suggested that
athletes engaging in several or more complex endurance sports were more likely to consult
a dietitian. However, this correlation did not reach the level of statistical significance, possi-
bly due to the limited sample size and low statistical power. The proportions of athletes
reporting a consultation with a nutrition professional before joining our study were as
follows: 49.0% of runners, 58.3% of mixed endurance athletes, and 63.0% of triathletes. Age
and educational background of the participants in the three sports groups were compared
using Kruskal-Wallis tests. No statistically significant difference between the groups was
observed in terms of age (p = 0.141) or level of education (p = 0.500).

Table 1. Participant characteristics by sport group (n = 112).

Runners Mixed Endurance Athletes Triathletes
(n=49) (n =36) (n=27)
Gender
Female 65.3% 50.0% 51.9%
Male 34.7% 50.0% 48.1%
Mean age (years) = SD 38+9 42 +9 40 £12

Highest level of education
Vocational school 10.2% 8.3% 11.1%
Secondary school 10.2% 8.3% 18.5%
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Table 1. Cont.

Runners Mixed Endurance Athletes Triathletes
n=49) (n =36) (n=27)
Higher education degree 79.6% 83.3% 70.4%

Ratio of participants who
previously 49.0% 58.3% 63.0%
consulted a dietitian

Values are presented as column percentages (%), unless otherwise indicated. Mean age is presented as the
arithmetic mean.

3.2. Diets and Goals Related to Nutrition

Of the 113 people who took part in the survey, 40.7% did not follow any specific diet.
Based on self-declaration, 7.1% of participants followed a low-carb diet, 3.5% a low-fat
diet, 10.6% a gluten-free diet, and 10.6% excluded dairy. 7.1% considered themselves
vegetarian, 10.6% vegan, 3.5% practiced intermittent fasting (time-restricted eating), and
2.7% described their diet as flexitarian.

The analysis of nutrition-related goals revealed that most respondents (1 = 77; 68.1%)
primarily focused on improving their sports performance. This goal was indicated by
a significantly higher proportion of participants compared to body image-related goals,
such as weight loss (n = 29; 25.7%), getting lean (n = 25; 22.1%), and gaining muscle
mass (n =24;21.2%) (all p < 0.001). Based on McNemar tests, no statistically significant
differences were found in the frequency of these goals (e.g., weight loss vs. muscle gain:
p = 0.486). 23.0% of respondents (1 = 26) reported not having a specific nutritional goal.
The least frequently mentioned nutrition-related goal was to alleviate gastrointestinal
complaints, reported by 12.4% (n = 14). When compared to weight loss, a significant
difference was found (p = 0.018), while marginal significance was observed when compared
to muscle gain (p = 0.099), getting lean (p = 0.082), and having no specific nutrition-related
goal (p = 0.082).

3.3. Post-Exercise Nutrition Recommendation Adherence Score (PENRAS)

Ten answers were taken into consideration when evaluating the extent to which
participants’ post-exercise and periodized nutrition practices align with evidence-based
sport nutrition guidelines.

Regarding the optimal timing of the first post-exercise meal, 84.1% of respondents
were aware of the importance of energy intake within 2 h for optimal recovery. It is worth
highlighting that 40.7% of participants indicated an even stricter time frame, selecting
within 30 min post-workout.

When asked about the optimal carbohydrate content of meals consumed in the hours
following endurance exercise, more than half of the participants reported being unaware of
the current recommendations. Among those athletes who attempted to select the correct
answer, a significant proportion indicated either substantially lower or higher amounts
of carbohydrates.

The overall PENRAS is weighted predominantly toward self-reported practice
(adherence), with only two items—the optimal timing and the optimal carbohydrate
content —measuring factual knowledge. A significant disparity exists between these two
knowledge items: While the majority of athletes demonstrated high awareness regarding
optimal timing, the precise quantitative recommendation for carbohydrate intake was
correctly identified by only a low proportion of participants.

The athletes” considerations regarding the desired composition of their post-workout
meal are summarized in Figure 2. When planning their post-workout meal, both high
protein (58.4%) and high carbohydrate (52.2%) content were considered important. Notably,
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high protein content was mentioned at a higher rate than high carbohydrate content. Easy
digestibility was marked as a relevant aspect by only 37.2% of athletes. High energy and
high sodium content of the post-exercise meal were considered important by a similar
proportion of respondents: 23.0% and 23.9%, respectively. Almost all participants (98.2%)
were aware that high fat content is not beneficial in post-workout meals.
Post-Workout Meal Considerations
Easy digestibility

High carbohydrate content

High energy content

Key aspects

High sodium content

Low fat content

0 10 20 30 40 50 60 70 80 90 100
Mention rate (%)

Figure 2. Post-workout meal considerations of participants.

On more intense training days, 85.0% of respondents increase their carbohydrate
consumption, while 55.8% indicated consuming more protein when their training load
is higher than usual. The distribution of answers to the ten questions included in the
PENRAS-indicator is presented in Table 2.

Table 2. Responses for individual questions included in PENRAS.

Question Answer Frequency of Adherence
Options Answers % (1) Score

Timing does not matter 1.8% (2)

What is, in your opinion, the optimal timing for W{th}n 30 mmn 40'70/0 (46)

the first post-exercise meal when aiming for W1t1.11n. 60 min 354% (40) HIGH (84.1%)
rapid recovery? Within 2 h 8% )

P Y Later than 2 h 0.9% (1)

I don’t know 13.3% (15)

<04 gBW-Lh! 13.3% (15)
- , . 0.4-08 gBW-1.h~! 7.1% (8)

In your opinion, what is the optimal . .
carbof}llydrats content of meals inlzhe hours 0.8-1 g-BW_l-h_l * 12.4% (19 * LC.)W. (according to st.rlcter
following endurance exercise if the goal is 1-12g-BW—1-h~! 1.8% (2) crlterla': 1.8% a§c01jdmg to

rapid recovery? 1.2-1.6 g-BW‘l-h_l * 8.8% (10) * less stringent criteria: 23%)
>1.6 gBW 1-h~! 3.5% (4)
I don’t know 53.1% (60)
Do you consider the high energy content of food Yes 23.0% (26) LOW (23.0%)
when planning your post-exercise meal? No 77.0% (87) e

Do you consider the high carbohydrate content Yes 52.2% (59) o

of food when planning your post-exercise meal? No 47.8% (54) MODERATE (52.2%)
Do you consider the high sodium content of food Yes 23.9% (27) LOW (23.9%)

when planning your post-exercise meal? No 76.1% (86)
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Table 2. Cont.

Question Ans.wer Frequency of Adherence
Options Answers % (n) Score
Do you omidr e igh rotin ot o fod B vopmRATE s
Do you covidrhe g cotent of o By o
Do you consder vy gty when T vopeRaTE (7%
Do you consume Ji?;;cgl;?;;};drates on intense E:; ?;Zﬁ: 83; HIGH (85%)
Do you consutrlr; rrlrilr(l);ed;;;ost?ein on intense ;eos 451451322 Egg; MODERATE (55.8%)

The bolding indicates statistical significance at p < 0.05. * Half points were given to the two options closest to the
correct answer.

The maximum achievable score was 10 points. 64.6% of the participants reached at
least half of the maximum, so at least 5 points. The overall average score of respondents
was 5.32 (SD = 1.52), with a median score of 6. The highest score recorded was 8.5 points,
achieved by a single participant. The distribution of scores across the study sample is
illustrated in Figure 3.

M=532
SD=152
N=113
30
25

Frequency
ot [
[$)] (=]

=
(=]

Il‘
el ln
2 25 3 35 4 6

1 2.5 3.5

|I..
7

45 5 5.5 75 8 85

PENRAS

6.5

Figure 3. Distribution of PENRAS results among study participants.

3.3.1. Sport-Demographic Factors Influencing PENRAS

For the analysis of the effects of demographic and behavioral factors on the PENRAS,
ANOVA was conducted with the following predictors: age, gender, sports group, training
volume, education, and prior consultation with a dietitian. The overall model was sta-
tistically significant, F(7, 104) = 4.39; p < 0.001; with an R? of 0.228 (adjusted R? =0.176).
According to the result of our analysis, a significant main effect of sport group was found
(F(2,104) = 5.91; p = 0.004; part. 2 = 0.10). Post hoc comparisons using the Tukey HSD test
indicated that triathletes had a significantly higher level of knowledge about post-training
nutrition than runners (p = 0.001) and the mixed-endurance group (p = 0.007). The mean
scores for the triathletes, runners, and the mixed-endurance athletes were 6.28 (SD = 1.30),
4.97 (SD = 1.46), and 5.14 (SD = 1.50), respectively. No significant difference was found
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between the runner and mixed groups (p = 0.854). When controlled for the effect of the sport
groups, training volume did not have an additional significant effect on athletes’ PENRASs
(F(1,104) = 0.11; p = 0.742; part. %> < 0.01). Beside the sport group, age was a predictor
that showed a statistically significant effect, (F(1, 104) = 6.75; p = 0.011; partial 4% = 0.06) on
PENRAS; older participants tended to reach slightly lower PENRASs. In contrast, gender
(F(1,104) =0.11; p = 0.745; partial 172 < 0.01) and education (F(1, 104) = 0.01; p = 0.917;
partial 72 < 0.01) did not have significant effects on PENRAS in our sample. Previous
consultation with a dietitian was also a significant predictor for PENRAS in our sample
(F(1,104) = 5.73; p = 0.018; partial 7> = 0.05). The mean score of respondents who consulted
a dietitian, was 5.65 (SD = 1.44), while athletes without experience with a dietitian reached
an average score of 4.91 (SD = 1.54).

3.3.2. Information Sources and Their Impact on PENRAS

Respondents were asked to rate the importance of different sources they rely on when
it comes to shaping their dietary habits and extending their knowledge (1 = least important,
5 = most important source of information). The importance of different information sources
is illustrated in Figure 4. Differences in the significance of the various information sources
were analyzed using Wilcoxon signed-rank tests. According to our results, respondents
mostly relied on their own experiences (M = 4.12; SD = 1.00), which proved to be signif-
icantly more important than the second most mentioned source (p = 0.005), dietitians or
nutritionists (M = 3.63; SD = 1.53). These professionals seemed to be significantly (p < 0.001)
more important information sources than coaches (M = 3.05; SD = 1.49). Although reliance
on coaches for nutritional information was moderate, it was higher than the importance
of online information sources; however, this difference did not reach the level of signifi-
cance (p = 0.309; M = 2.90; SD = 1.20). The opinions of acquaintances were reported to be
significantly less influential (p < 0.001; M = 2.33; SD = 1.08) but still more important than
magazines (M = 1.59; SD = 0.85). A significant difference (p < 0.001) was observed between
the importance of these factors as well. Overall, participants placed the greatest emphasis
on their own experience and professional guidance in their decision-making related to
dietary habits.

Importance of different information sources

Magazines

Opinions of acquaintances
Online information sources
Coaches

Dietitians or nutritionists

Own experience

(=1

1 2 3 4 5
Importance (1 = least important, 5 = most important)

Figure 4. Importance of information sources among study participants.

We also examined whether there is a relationship between the information sources
used by the respondents and their level of knowledge. To predict the PENRAS, linear
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regression analysis was applied. The regression model was significant (F(6, 106) = 6.06;
p < 0.001) and explained 25.5% of the variance in knowledge level. Out of the predictor
variables, three were found to be statistically significant: reliance on coaches ( = 0.27;
p = 0.011) and nutritional professionals (8 = 0.21; p = 0.045) had a significant positive effect
on nutrition knowledge, while seeking nutritional information from online sources emerged
as a significant negative predictor (8 = —0.26; p = 0.006). The reliance on other information
sources (own experience, acquaintances, and magazines did not have a significant effect on
PENRAS in our sample (p > 0.05).

3.4. Associations Between PENRAS and Sports Nutrition Behavior
3.4.1. Daily Dietary Routine

Our sample of endurance athletes seems to periodize their nutrition to their training
load: on days with higher training intensity, 63.7% of respondents reported consuming
larger quantities of food. 24.8% eat less on days with a higher training load, and 11.5% do
not alter their food intake based on exercise intensity. Regarding macronutrients, respon-
dents primarily focus on the periodization of their carbohydrate intake: 85.0% reported
consuming more carbohydrates on days with a higher training load, 55.8% increased their
protein intake, and only 30.1% increased their fat intake on these days.

Athletes in our sample tend to plan their meals spontaneously; 35.4% of them decide
what to eat only on the day itself. The ratio of athletes who plan their meals a day in advance
(26.5%) is similar to those who plan them 2-3 days ahead (29.2%). Greater awareness is less
characteristic of our sample: the proportion of athletes who plan their menus 4-5 days or a
week in advance is low (7.1% and 1.8%, respectively).

Ordinal regression was applied to analyze the effect of different variables (sport
group, PENRAS, gender, age, previous consultation with a dietitian, and weekly endurance
training volume) on meal planning habits (Table 3). The model was significant but had
limited explanatory power. From the variables analyzed, the PENRAS seemed to be a
significant positive predictor, suggesting that individuals with higher levels of nutrition
knowledge are more likely to plan their meals in advance. Gender also had a significant
impact on intentionality in planning meals ahead, indicating that women in the study
group tended to plan their meals more in advance than men. Other variables (age, sport
group, previous consultation with a dietitian, weekly endurance training volume) did not
show significant effects (p > 0.05) on meal planning habits in our sample.

Table 3. A series of ordinal regressions explaining meal planning and nutrient timing behaviors.
B-coefficients and p-values for each predictor across three ordinal regression models.

Energy-Containing

Predictor Meal gl?n)ning ' MealBT(iming ’ Beverage Timing 3
P ») B (p)
PENRAS 0.28 (0.038) —0.38 (0.006) —0.75 (<0.001)
Gender (female) 0.84 (0.034) 0.14 (0.731) 0.40 (0.359)
Age —0.01 (0.598) —0.03 (0.139) —0.05 (0.023)
Sport group: Mixed vs. Triathletes 0.47 (0.389) —1.13 (0.040) 0.13 (0.818)
Sport group: Runners vs. Triathletes 0.81 (0.156) —0.75 (0.189) —1.65 (0.012)
Consulted dietitian 0.50 (0.190) —0.19 (0.624) 0.29 (0.497)
Weekly endurance training volume 0.33 (0.303) —0.01 (0.986) —0.12 (0.731)

B = unstandardized regression coefficient. The bolding indicates statistical significance at p < 0.05. ! Meal planning
model: )(2 (7) = 19.66; p = 0.006; Nagelkerke R? =0.173; McFadden R? = 0.066. 2 Meal timing model: XZ (7) =12.51;
p = 0.085; Nagelkerke R? = 0.117; McFadden R? = 0.047. 3 Energy beverage timing model: x? (7) = 34.17; p < 0.001;
Nagelkerke R? = 0.294; McFadden R? = 0.136.



Nutrients 2025, 17, 3629

13 of 21

3.4.2. Timing of Post-Workout Nutrition

The majority (77%) of respondents reported consuming their first meal within one
hour after exercise, and only 4.4% waited for more than 2 h with their post-workout meal
after finishing their training. The most common response (1 = 45; 39.8%) in our sample was
to consume the first meal within 60 min after exercising. 37.2% of respondents reported
eating within 30 min post-exercise.

Regarding the consumption of energy-containing beverages, more than half of the
respondents (53.1%) reported typically timing their first drink within 30 min after training.
The proportion of energy-containing drink consumption within 60 min is 77.9% in our
sample. Notably, 17.7% of respondents consume energy-containing drinks usually only
more than two hours after exercise.

In the present study, post-exercise nutritional behaviors were investigated using two
separate ordinal regression models: one focused on post-exercise meal timing, and the
other on the consumption of energy-containing beverages during the post-workout period.
The model evaluating the timing of post-workout meals had moderate explanatory power.
Among the independent variables, knowledge score proved to be a significant predictor,
indicating that athletes with higher levels of nutritional knowledge tend to eat sooner after
exercise. Additionally, participants in the mixed sport group were more likely to eat earlier
than triathletes.

The model examining the timing of energy-containing beverage consumption after
exercise showed stronger explanatory power. In this case, nutritional knowledge was also
a significant predictor. Athletes with higher knowledge levels were associated with shorter
time intervals before consuming such beverages. Age also showed a significant negative
association, suggesting that older athletes are more likely to consume energy-containing
beverages earlier in the post-exercise period. Additionally, runners were significantly more
likely to consume these beverages earlier than triathletes.

In addition to being familiar with the guidelines related to optimal post-workout
nutrition, an athlete’s intention to lose weight may also influence the timing of meals.
Based on Pearson’s Chi-squared test, respondents who want to lose weight are significantly
more likely to intentionally postpone eating after exercise than those who do not have
weight loss as a goal (x? (1) = 7.51; p = 0.006, ¢ = 0.258).

Additionally, according to Spearman’s rank correlation, a significant negative effect
was observed between PENRAS and the behavior of intentionally avoiding nutrient intake
within two hours after exercise (p = —0.23, p = 0.014). This result indicates that athletes
with a higher knowledge of post-workout nutrition are less likely to deliberately delay
their post-exercise meal and risk hindering the recovery process.

3.4.3. Composition of the Post-Workout Meal

Participants’ post-exercise food choice preferences were analyzed by Wilcoxon
signed-rank tests. Water consumption had the highest frequency within the two-hour
period following exercise (Table 4). Consumption of the next main meal was significantly
less frequent (p < 0.001) but still ranked at second place. A lower frequency of consumption
was observed for fruits, protein shakes, sports drinks, snacks, coffee, fruit juice, and protein
bars. The consumption of alcoholic beverages occurred with a significantly lower frequency
rate than all other examined items (p < 0.001).

We employed an ordinal regression model to investigate the relationship between
the consumption frequency of various food items and several predictors (Table 5). The
dependent variable was the frequency of consumption in the two-hour post-exercise period
(measured on a 5-point scale from “never” to “always”). Independent variables included
PENRAS, gender, age, previous consultation with a dietitian, weekly endurance training
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volume, and sport group. The best fit and highest explanatory power among the models
tested was observed by the model predicting protein shake consumption. According to our
results, PENRAS significantly predicted the frequency of protein shake consumption in
our sample, suggesting that athletes with higher levels of sports nutrition knowledge were
more likely to consume protein shakes in the two-hour period after exercise. The ordinal
regression model for fruit consumption after exercise also demonstrated a significant
fit, with moderate explanatory power. In this case, the PENRAS showed a significant
positive association with more frequent fruit consumption as well. Additionally, the
variable sport group had a significant predictive power, as athletes in the mixed-sport
group tended to consume fruit more frequently than triathletes. The model analyzing
sports drink consumption was also statistically significant. Here too, PENRAS was a
significant predictor, while no other variable had a significant effect on the frequency of
sports drink consumption in the post-workout period.

Table 4. The frequency of consumption of various food items within two hours after exercise, as
reported by participants on a five-point scale.

Food Item Mean Std. Deviation
Water 4.83 0.40
The next main meal 3.25 1.03
Fruit 2.97 1.11
Protein shake 2.28 1.39
Sports drink 2.27 1.17
Some type of snack 2.23 1.11
Coffee 2.17 1.14
Fruit juice 1.92 1.01
Protein bar 1.76 1.00
Alcoholic beverage 1.24 0.52

Table 5. Summary of ordinal regression results predicting post-exercise nutrition behaviors. B-
coefficients and p-values for each predictor across three ordinal regression models.

Predictor é);?ltseligls)z?)l:lel Consiirl::tion 2 Sports Drink Consumption *
B () B () B )
PENRAS 0.61 (<0.001) 0.46 (0.001) 0.40 (0.003)
Gender (female) —0.58 (0.151) —0.06 (0.871) —0.28 (0.463)
Age 0.02 (0.332) 0.02 (0.295) 0.04 (0.086)
Sport group: Mixed vs. Triathletes —0.36 (0.511) 1.25 (0.020) —0.77 (0.145)
Sport group: Runners vs. Triathletes 0.28 (0.629) 0.95 (0.089) —0.44 (0.426)
Consulted dietitian 0.53 (0.183) 0.11 (0.778) 0.17 (0.651)
Weekly endurance training volume 0.13 (0.702) 0.58 (0.073) —0.35 (0.284)

B = unstandardized regression coefficient. The bolding indicates statistical significance at p < 0.05. ! Protein shake
consumption model: )(2 (7) =27.59; p < 0.001; Nagelkerke R? = 0.233; McFadden R? = 0.089. 2 Fruit consumption
model: x? (7) = 19.11; p = 0.008; Nagelkerke R? = 0.166; McFadden R? = 0.058. 3 Sports drink consumption model:
X2 (7) = 17.79; p = 0.013; Nagelkerke R? = 0.156; McFadden R? = 0.055.

4. Discussion

This study successfully filled a key gap in the literature by comprehensively examining
the post-exercise nutrition knowledge and adherence to evidence-based recommendations
of Hungarian endurance athletes, using the newly developed Post-Exercise Nutrition
Recommendation Adherence Score (PENRAS). The significance of this assessment is un-
derscored by the critical understanding that sports nutrition knowledge and the strategic
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application of dietary habits directly influence an athlete’s ability to achieve specific athletic
results, particularly in high-volume endurance training and competition.

The analysis of nutrition-related goals clearly demonstrates the importance of sports
performance among participants, as the majority (68.1%) indicated that they aimed to
improve their sports performance. This goal significantly outweighs those related to
body composition (e.g., weight loss or muscle gain) and alleviating digestive complaints.
However, this focus exists alongside the adoption of potentially counterproductive dietary
strategies: a notable proportion of athletes follow potentially restrictive diets, including
low-carbohydrate (7.1%) approaches, which might hinder optimizing sports performance
in endurance sports.

Consistent with results from validated questionnaires assessing general or sports-
specific nutrition knowledge, the mean PENRAS in our cohort (M = 5.32 or 53.2%) falls
within the range reported in the literature (between 40.2% and 70%) [9,24,27,28]. This
suggests that while athletes’ knowledge of post-exercise recovery remains a critical area for
improvement, the overall score is comparable to that of broader knowledge assessments.
The relatively low standard deviation (SD = 1.52) and the maximum observed score of
8.5 points in our survey suggest that the overall level of knowledge is moderate, reinforcing
the need for targeted educational intervention.

A large majority (84.1%) of participants correctly identified the importance of energy in-
take within the two-hour post-exercise window for optimal recovery. This result aligns well
with the existing literature focusing on the sports nutrition knowledge of endurance athletes.
A study analyzing sports nutrition knowledge in an international cohort of endurance ath-
letes using the Comprehensive Evaluation of Athlete’s Knowledge Questionnaire (CEAC-Q)
similarly reported a high success rate (84%) when assessing awareness about the importance
of early carbohydrate consumption following glycogen-depleting exercise [27].

Knowledge regarding the quantitative amount of carbohydrate necessary for effective
glycogen replenishment is alarmingly low, according to our results. Current guidelines
recommend a high intake of carbohydrate (1-1.2 g-BW~!-h~1) during the initial four-hour
recovery phase to ensure the fastest possible resynthesis of glycogen stores [11,12]. Over
half of our participants (53.1%) reported not knowing the recommended carbohydrate
amount for rapid recovery. Furthermore, the rate of providing the exact correct answer
was alarmingly low at just 1.8%. However, when accepting the two options closest to
the correct range, the proportion of participants giving an acceptable answer rose to 23%.
This low level of knowledge is consistent with the literature. For instance, McLeman et al.
found that only 1% of their endurance athlete sample correctly identified the recommended
CHO intakes; the remaining respondents either selected ‘I don’t know” (89%) or answered
incorrectly [8]. Similarly, a survey of Australian triathletes by Doering and colleagues
found that 43.1% responded “I don’t know” to the question on optimal carbohydrate
content, with only 25.2% selecting the correct amount [7]. An international cohort assessed
using the CEAC-Q reported that 29% of endurance athletes knew the exact amount recom-
mended [27]. This consensus across different studies suggests that quantitative recovery
nutrition is a relatively weak knowledge area among endurance athletes globally. Given
the central role of glycogen in sustained endurance performance, this deficiency represents
a major target for future sports nutrition education.

The difference observed in the success rates of the two factual knowledge items (high
awareness regarding optimal timing vs. low knowledge of quantitative carbohydrate needs)
is key to interpreting the overall PENRAS. This internal disparity highlights the difficulty
in translating general awareness into specific, actionable nutritional strategies. The overall
low average PENRAS, combined with literature showing low nutritional knowledge even
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among professional cohorts, suggests that athletes often lack the specific quantitative
knowledge required for optimal, evidence-based performance fueling.

The high rate of participants (98.2%) correctly excluding high fat content when con-
sidering post-exercise meal composition shows awareness regarding the need to optimize
for rapid nutrient absorption in the recovery phase. Consumption of mixed meals in the
immediate post-exercise phase is known to significantly slow gastric emptying, thereby
hindering the rapid delivery of carbohydrates essential for maximal muscle glycogen
resynthesis [13]. On the other hand, our findings indicate a potential priority mismatch
in macronutrient focus among our sample. The similar frequency with which athletes
prioritized high protein (58.4%) and high carbohydrate (52.2%) content in their recovery
meals suggests that athletes may be overly focused on muscle protein synthesis, potentially
at the expense of adequately replenishing depleted glycogen stores. This imbalance was
also reported by McLeman et al. According to their results, post-exercise carbohydrate
intakes averaged close to the recommended minimum, but only 48% of participants actually
achieved this target. Conversely, average protein intake post-exercise exceeded the mini-
mum guidelines, with 75% of participants meeting or surpassing that lower threshold [8].
Doering et al. found that young triathletes met post-exercise recommendations, while
professional athletes did not [7]. A further deficit was observed in our study in the low
prioritization of easy digestibility (37.2%) and sodium replacement (23.9%).

The high proportion of athletes demonstrating a clear link between training load
and nutrient intake indicates a functional awareness of macronutrient periodization. A
significant 85% of participants indicated they increase their carbohydrate intake on intense
training days. This dietary practice aligns perfectly with current scientific models of
periodized nutrition [1]. Similarly, 55.8% of athletes reported consuming more protein
when their training load is higher than usual. High protein intake during periods of
increased stress is supported by evidence suggesting that higher protein availability may
help enhance adaptive processes during high-volume training cycles [32].

The finding that triathletes achieved significantly higher PENRAS than runners and
mixed-endurance athletes is noteworthy. This may be attributed to the necessity of manag-
ing short recovery windows inherent in triathlon training. Furthermore, the multi-sport
nature and typically higher training complexity of triathlon may cultivate a higher sporting
level and greater experience in nutritional strategy among participants. This environment
may compel triathletes to more actively seek out specific, performance-oriented nutritional
knowledge, particularly related to recovery, compared to single-sport athletes. However,
our result stands in contrast to some previous research, and the literature remains inconsis-
tent regarding knowledge differences across endurance disciplines. An evaluation of an
international cohort of endurance athletes using the CEAC-Q did not support our findings,
as triathletes in that study performed worse on the knowledge test than both cyclists and
runners [27]. Another study utilizing the CEAC-Q found no significant differences in scores
between cyclists, triathletes, and runners (p = 0.363) [33]. No significant difference between
the knowledge levels of runners and triathletes was reported in a study using the ULTRA-Q
tool either [28].

Besides the athlete’s primary sport, age was statistically associated with the PENRAS;
older participants tended to reach lower scores in our sample. This finding aligns with pre-
vious research on knowledge of carbohydrate guidelines [27]. However, the literature is not
entirely consistent on this point. For instance, Doering et al.’s work on triathletes found no
statistically significant difference in knowledge between younger and master athletes [7].

Gender and education were not significantly associated with PENRAS in our sample.
Trakman et al. found similar results in their review regarding gender differences: out of
the fifteen studies reporting on male versus female knowledge scores, ten indicated no
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significant difference [19]. Knowledge levels did not differ between genders in a study
using the ULTRA-Q questionnaire either [28]. In a study validating the PEAKS-NQ tool,
Edmonds et al. reported females reaching slightly higher scores than males. According to
their literature review, previous studies have come to similar results [34].

Previous consultation with a registered sports dietitian or nutritionist was a statis-
tically significant predictor of the knowledge score in our sample. This finding strongly
suggests a positive link with professional guidance and aligns with multiple research
results showing enhanced nutritional literacy following consultation. For example, a study
surveying collegiate athletes found that those who identified a sports dietitian as their
primary nutrition information source demonstrated a greater understanding of nutrient
periodization (47.12% correct answers vs. 32.85%) [30]. Furthermore, in an international
cohort of endurance athletes, participants who consulted a registered sports nutritionist or
dietitian achieved significantly higher CEAC-Q scores (58 + 17% and 47 =+ 20%, respec-
tively, p < 0.001) [27]. However, the literature is not entirely consistent on the magnitude
of this effect. In contrast, one study observed no significant difference in CEAC-Q scores
between athletes who had worked with a dietitian and those who had not (56 4+ 15% and
53 £ 16%; p = 0.419) [33]. It must be noted that this specific finding was drawn from
a notably smaller sample size than the studies supporting this statement. Overall, the
positive association in our and most other studies suggests that structured education by a
nutrition professional is an effective approach. This conclusion is reinforced by a general
review assessing the effectiveness of educational interventions, which reported that most
structured programs lead to a significant improvement in nutrition knowledge [31].

The source of nutrition information was significantly associated with the PENRASs
achieved by participants. The reliance on coaches and nutritional professionals was found
to be significantly, positively associated with PENRASs. Conversely, seeking nutritional
information from online sources showed a significant negative association. The most com-
mon response from the participants, their own experience was not found to be significantly
associated with the score. Our findings are reinforced by other research: Sampson et al.
found that athletes preferring credible information sources such as scientific journals or a
registered sports nutritionist/dietitian, showed higher CEAC-Q scores than participants
relying mostly on self-directed learning, coaches, other athletes, or friends and family [27].
Despite the demonstrated positive association of professional guidance, the likelihood of
endurance athletes choosing nutritional professionals as their primary information source
varies widely and often remains low across different studies. For example, Doering et al.
found the most common response to the question about primary information source was
“own previous knowledge” (17.3%), while accredited dietitians and nutritionists combined
accounted for 6.3% of responses [7]. Similarly, McLeman et al.’s study of runners found
that a dietitian or sports nutritionist was mentioned very rarely (1% and 2%, respectively),
with the internet being the most frequently selected source [8]. However, the reported
prevalence is highly dependent on the study population: Sampson et al. found a low rate of
14% choosing dietitians in an international endurance cohort [27] but noted a significantly
higher prevalence (36%) in a more recent study, which might be attributed to the high rate
of professional athletes in the sample [33]. This disparity suggests that while professional
guidance is highly effective, barriers likely prevent most non-elite athletes from consistently
seeking out or receiving expert advice.

Our analysis found that higher PENRASs were significantly associated with both better
meal planning habits and the tendency to consume meals and energy-containing beverages
earlier post-exercise. This suggests that better knowledge corresponds to better adherence
to post-exercise meal timing recommendations. The PENRAS was significantly associated
with more structured meal preparation, indicating that individuals with higher scores are
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more likely to plan their meals in advance. Interestingly, gender also had a significant
association with this behavior (B = 0.84; p = 0.034), with women in the study group tending
to plan their meals more in advance than men. Crucially, a higher PENRAS was also
significantly associated with shorter time intervals before consuming the post-exercise
meal and energy-containing beverages. This underscores the participants” awareness of the
critical timeframe for rapid glycogen replenishment, a finding reinforced by the negative
correlation between PENRAS and the intentional delay of post-exercise meals.

The association between the PENRAS-score and specific post-exercise food choices
was similarly significant. Higher knowledge levels were found to be significantly associated
with more frequent consumption of protein shakes, fruits, and sports drinks in the two-hour
post-exercise window. This suggests that greater sports nutrition knowledge aligns with
the selection of foods known to facilitate the effective delivery of key nutrients necessary
for rapid recovery.

Conversely, the relationship between theoretical knowledge and practice is not al-
ways direct. Sampson et al. did not find a clear link between CEAC-Q scores and actual
nutrient intake during real-world competition, highlighting gaps in the practical appli-
cation of knowledge, particularly for complex strategies like carbohydrate loading and
in-competition intake [33]. The knowledge-practice gap might also appear in other behav-
ioral components. For example, participants who listed weight loss as a nutritional goal
were significantly more likely to intentionally postpone eating after exercise compared
to those who did not. Many athletes believe that postponing their post-workout meals
can support weight loss, and therefore adopt this habit, although this practice poses a
significant risk of compromising glycogen resynthesis and thus recovery. Therefore, while
our results support the association between knowledge and enhanced post-exercise timing
adherence and key food choices, the translation to all dietary practices, especially those
influenced by body composition concerns, requires further investigation.

The primary methodological limitation of our study is the relatively small sample
size (n=113), which restricts the generalizability of our findings and may have reduced
the statistical power for detecting differences among certain subgroups. Furthermore, our
study focused exclusively on a subpopulation of endurance athletes (runners, triathletes,
and mixed-endurance athletes), which limits the generalizability of the findings across the
broader endurance athlete community. Additionally, the recruitment method employed
(specialist and snowball sampling) likely introduced a sampling bias towards individuals
with higher educational attainment. Our sample had a high proportion of individuals with
a university degree, meaning our conclusions apply primarily to a specific, highly literate
and motivated subgroup of endurance athletes, rather than to amateur athletes in general.
A further limitation relates to the resolution of data concerning participant experience and
competitive level. Although our recruitment explicitly targeted amateur athletes training at
least three times per week, we did not collect granular data on competitive history or total
years of experience. This precludes a more nuanced analysis of how sporting level might
modulate the observed adherence to sports nutrition guidelines. Moreover, our sample
primarily consisted of non-elite, recreational athletes. While this provides valuable insight
into the general athletic population, it is highly probable that competitive, professional
athletes would have achieved higher PENRASs. Since a validated questionnaire on the spe-
cific topic of post-exercise nutrition was not yet available when the research was designed,
we measured the knowledge level and adherence using self-developed questions. While
grounded in current sports nutrition guidelines, the PENRAS is a newly developed index,
and its external validity requires confirmation in larger, more diverse populations.

The current findings open up several pathways for future research aimed at assessing
and optimizing the post-exercise nutritional practices of endurance athletes. Given the
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significant knowledge gaps identified, particularly concerning quantitative carbohydrate
needs and the potential prioritization of protein over carbohydrates, future research should
focus on the implementation and evaluation of targeted educational interventions. To
provide more complete information on actual nutritional status and adherence to recom-
mendations, future studies should combine the PENRAS with objective measures, such as
detailed analysis of dietary records, body composition measurements, and the analysis of
relevant biomarkers linked to recovery and training adaptation.

5. Conclusions

This study successfully addressed a gap in the literature by comprehensively assessing
the post-exercise nutrition knowledge and adherence to evidence-based recommenda-
tions of Hungarian endurance athletes, using the newly developed Post-Exercise Nutrition
Recommendation Adherence Score (PENRAS). The mean PENRAS (5.32 out of 10) indicates
a basic understanding of recovery principles. However, substantial gaps remain in how ath-
letes apply evidence-based carbohydrate recommendations. This knowledge gap is noted
alongside the concerning prevalence of low-carbohydrate diets, which may contradict the
athletes’ primary goal of maximizing performance. Our results underscore the critical role
of information source quality: consultation with a dietitian was significantly associated
with higher PENRASs, whereas reliance on online sources was negatively associated with
the score. The study findings highlight a need for targeted educational interventions. These
programs should prioritize specific education on the quantitative aspects of carbohydrate
intake and actively redirect athletes towards reliable, evidence-based nutritional infor-
mation to improve adherence, optimize glycogen replenishment, and ultimately support
long-term performance outcomes. The growing availability and recognition of accredited
sport dietitian programs in Hungary provide athletes with valuable opportunities to gain
practical nutrition knowledge. Close collaboration with qualified dietitians can help them
apply this expertise effectively in their training and recovery.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /nu17223629/s1, Questionnaire S1: Analysis of Post-Exercise
Nutrition Knowledge and Practices of Amateur Endurance Athletes.

Author Contributions: Conceptualization, L.C. and M.E,; methodology, L.C., E.P. and M.E; validation,
A.C.A., D.T. and E.P; formal analysis, L.C.; investigation, L.C. and A.C.A.; resources, D.T.; data
curation, L.C. and A.C.A; writing—original draft preparation, L.C. and ACA; writing—review and
editing, L.C., E.P. and M.F,; visualization, D.T; supervision, M.F,; project administration, L.C. and
M.E All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The APC was funded by the University of Pécs.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the local Ethics Committee (Scientific and Research Committee of the
Medical Research Council, Hungary; Decision IV /573-1/2022/EKU, approved on 27 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to ethical reasons.

Acknowledgments: The authors would like to thank Gabor Varga, an IT specialist at the Faculty of
Health Sciences, University of Pecs, 7621 Pecs, Hungary, for the preparation of the graphical abstract.

Conflicts of Interest: The authors declare no conflicts of interest.


https://www.mdpi.com/article/10.3390/nu17223629/s1
https://www.mdpi.com/article/10.3390/nu17223629/s1

Nutrients 2025, 17, 3629 20 of 21

References

1.  Jeukendrup, A.E. Periodized Nutrition for Athletes. Sports Med. 2017, 47 (Suppl. S1), 51-63. [CrossRef]

2. Baranauskas, M.; Stukas, R.; Tubelis, L.; Zagminas, K; Surkieng, G.; Svedas, E.; Giedraitis, V.R.; Dobrovolskij, V.; Abaravi¢ius, J.A.
Nutritional habits among high-performance endurance athletes. Medicina 2015, 51, 351-362. [CrossRef]

3.  Heikura, L. A; Stellingwerff, T.; Mero, A.A.; Uusitalo, A.L.T.; Burke, L. M. A Mismatch Between Athlete Practice and Current
Sports Nutrition Guidelines Among Elite Female and Male Middle- and Long-Distance Athletes. Int. J. Sport. Nutr. Exerc. Metab.
2017, 27, 351-360. [CrossRef]

4. Masson, G.; Lamarche, B. Many non-elite multisport endurance athletes do not meet sports nutrition recommendations for
carbohydrates. Appl. Physiol. Nutr. Metab. 2016, 41, 728-734. [CrossRef]

5. Lundstrom, E.A.; De Souza, M.].; Khen, K.M.; Williams, N.I. Elite collegiate swimmers do not meet sport nutrition recom-
mendations during heavy training: Effects of sex and within-day nutrient timing. J. Int. Soc. Sports Nutr. 2025, 22, 2494846.
[CrossRef]

6. Wardenaar, F; Brinkmans, N.; Ceelen, I.; Van Rooij, B.; Mensink, M.; Witkamp, R.; De Vries, J. Macronutrient Intakes in 553 Dutch
Elite and Sub-Elite Endurance, Team, and Strength Athletes: Does Intake Differ between Sport Disciplines? Nutrients 2017, 9, 119.
[CrossRef]

7. Doering, TM.; Reaburn, P.R.; Cox, G.; Jenkins, D.G. Comparison of Postexercise Nutrition Knowledge and Postexercise Carbohy-
drate and Protein Intake Between Australian Masters and Younger Triathletes. Int. J. Sport. Nutr. Exerc. Metab. 2016, 26, 338-346.
[CrossRef] [PubMed]

8.  McLeman, L.A,; Ratcliffe, K.; Clifford, T. Pre- and post-exercise nutritional practices of amateur runners in the UK: Are they
meeting the guidelines for optimal carbohydrate and protein intakes? Sport. Sci. Health. 2019, 15, 511-517. [CrossRef]

9.  Janiczak, A.; Devlin, B.L.; Forsyth, A.; Trakman, G.L. A systematic review update of athletes” nutrition knowledge and association
with dietary intake. Br. J. Nutr. 2022, 128, 1156-1169. [CrossRef] [PubMed]

10. Cao, W,; He, Y;; Fu, R.; Chen, Y.; Yu, J.; He, Z. A Review of Carbohydrate Supplementation Approaches and Strategies for
Optimizing Performance in Elite Long-Distance Endurance. Nutrients 2025, 17, 918. [CrossRef]

11.  Moore, D.R. Nutrition to Support Recovery from Endurance Exercise: Optimal Carbohydrate and Protein Replacement. Curr.
Sports Med. Rep. 2015, 14, 294-300. [CrossRef]

12. Thomas, D.T.; Erdman, K.A.; Burke, L.M. Position of the Academy of Nutrition and Dietetics, Dietitians of Canada, and the
American College of Sports Medicine: Nutrition and Athletic Performance. J. Acad. Nutr. Diet. 2016, 116, 501-528. [CrossRef]
[PubMed]

13. Kerksick, C.M.; Arent, S.; Schoenfeld, B.].; Stout, ].R.; Campbell, B.; Wilborn, C.D.; Taylor, L.; Kalman, D.; Smith-Ryan, A.E.;
Kreider, R.B.; et al. International society of sports nutrition position stand: Nutrient timing. . Int. Soc. Sports Nutr. 2017, 14, 33.
[CrossRef] [PubMed]

14. Naderi, A.; Rothschild, J.A.; Santos, H.O.; Hamidvand, A.; Koozehchian, M.S.; Ghazzagh, A.; Berjisian, E.; Podlogar, T. Nutritional
Strategies to Improve Post-exercise Recovery and Subsequent Exercise Performance: A Narrative Review. Sports Med. 2025, 55,
1559-1577. [CrossRef] [PubMed]

15. Burke, L.M.; van Loon, L.J.C.; Hawley, ].A. Postexercise muscle glycogen resynthesis in humans. J. Appl. Physiol. 2017, 122,
1055-1067. [CrossRef]

16. Podlogar, T.; Wallis, G.A. New Horizons in Carbohydrate Research and Application for Endurance Athletes. Sports Med. 2022, 52
(Suppl. S1), 5-23. [CrossRef]

17. Ivy, ].L.; Ferguson-Stegall, L.M. Nutrient Timing: The Means to Improved Exercise Performance, Recovery, and Training
Adaptation: The Means to Improved Exercise Performance, Recovery, and Training Adaptation. Am. ]. Lifestyle Med. 2013, 8,
246-259. [CrossRef]

18. Sampson, G.; Pugh, J.N.; Morton, J.P; Areta, J.L. Carbohydrate for endurance athletes in competition questionnaire (CEAC-Q):
Validation of a practical and time-efficient tool for knowledge assessment. Sport. Sci. Health. 2022, 18, 235-247. [CrossRef]

19. Trakman, G.L.; Forsyth, A.; Devlin, B.L.; Belski, R. A Systematic Review of Athletes’ and Coaches’ Nutrition Knowledge and
Reflections on the Quality of Current Nutrition Knowledge Measures. Nutrients 2016, 8, 570. [CrossRef]

20. Trakman, G.L.; Forsyth, A.; Hoye, R.; Belski, R. Development and validation of a brief general and sports nutrition knowledge
questionnaire and assessment of athletes’ nutrition knowledge. J. Int. Soc. Sports Nutr. 2018, 15, 17. [CrossRef]

21. Vézquez-Espino, K.; Fernandez-Tena, C.; Lizarraga-Dallo, M. A.; Farran-Codina, A. Development and Validation of a Short Sport
Nutrition Knowledge Questionnaire for Athletes. Nutrients 2020, 12, 3561. [CrossRef]

22. Tam, R,; Gifford, J.A.; Beck, K.L. Recent Developments in the Assessment of Nutrition Knowledge in Athletes. Curr. Nutr. Rep.
2022, 11, 241-252. [CrossRef]

23. Tam, R.; Beck, K,; Scanlan, J.N.; Hamilton, T.; Prvan, T.; Flood, V.; O’Connor, H.; Gifford, J. The Platform to Evaluate Athlete

Knowledge of Sports Nutrition Questionnaire: A reliable and valid electronic sports nutrition knowledge questionnaire for
athletes. Br. |. Nutr. 2021, 126, 561-571. [CrossRef]


https://doi.org/10.1007/s40279-017-0694-2
https://doi.org/10.1016/j.medici.2015.11.004
https://doi.org/10.1123/ijsnem.2016-0316
https://doi.org/10.1139/apnm-2015-0599
https://doi.org/10.1080/15502783.2025.2494846
https://doi.org/10.3390/nu9020119
https://doi.org/10.1123/ijsnem.2015-0289
https://www.ncbi.nlm.nih.gov/pubmed/26696649
https://doi.org/10.1007/s11332-019-00537-1
https://doi.org/10.1017/S0007114521004311
https://www.ncbi.nlm.nih.gov/pubmed/34706784
https://doi.org/10.3390/nu17050918
https://doi.org/10.1249/JSR.0000000000000180
https://doi.org/10.1016/j.jand.2015.12.006
https://www.ncbi.nlm.nih.gov/pubmed/26920240
https://doi.org/10.1186/s12970-017-0189-4
https://www.ncbi.nlm.nih.gov/pubmed/28919842
https://doi.org/10.1007/s40279-025-02213-6
https://www.ncbi.nlm.nih.gov/pubmed/40221559
https://doi.org/10.1152/japplphysiol.00860.2016
https://doi.org/10.1007/s40279-022-01757-1
https://doi.org/10.1177/1559827613502444
https://doi.org/10.1007/s11332-021-00799-8
https://doi.org/10.3390/nu8090570
https://doi.org/10.1186/s12970-018-0223-1
https://doi.org/10.3390/nu12113561
https://doi.org/10.1007/s13668-022-00397-1
https://doi.org/10.1017/S0007114520004286

Nutrients 2025, 17, 3629 21 of 21

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Spendlove, ].K.; Heaney, S.E.; Gifford, ].A.; Prvan, T.; Denyer, G.S.; O’Connor, H.T. Evaluation of general nutrition knowledge in
elite Australian athletes. Br. J. Nutr. 2012, 107, 1871-1880. [CrossRef]

Tam, R.; Beck, K.L.; Gifford, J.A.; Flood, V.M.; O’Connor, H.T. Development of an Electronic Questionnaire to Assess Sports
Nutrition Knowledge in Athletes. |. Am. Coll. Nutr. 2020, 39, 636-644. [CrossRef] [PubMed]

Heikkild, M.; Valve, R.; Lehtovirta, M.; Fogelholm, M. Development of a nutrition knowledge questionnaire for young endurance
athletes and their coaches. Scand. J. Med. Sci. Sports 2018, 28, 873-880. [CrossRef]

Sampson, G.; Morton, J.P.; Areta, J.L. Mind the gap: Limited knowledge of carbohydrate guidelines for competition in an
international cohort of endurance athletes. J. Nutr. Sci. 2023, 12, 68. [CrossRef] [PubMed]

Blennerhassett, C.; McNaughton, L.R.; Cronin, L.; Sparks, S.A. Development and Implementation of a Nutrition Knowledge
Questionnaire for Ultraendurance Athletes. Int. J. Sport. Nutr. Exerc. Metab. 2019, 29, 39-45. [CrossRef] [PubMed]

Riviere, A.J.; Leach, R.; Mann, H.; Robinson, S.; Burnett, D.O.; Babu, J.R.; Frugé, A.D. Nutrition Knowledge of Collegiate Athletes
in the United States and the Impact of Sports Dietitians on Related Outcomes: A Narrative Review. Nutrients 2021, 13, 1772.
[CrossRef]

Hull, M.V,; Jagim, A.R.; Oliver, ] M.; Greenwood, M.; Busteed, D.R.; Jones, M.T. Gender differences and access to a sports dietitian
influence dietary habits of collegiate athletes. |. Int. Soc. Sports Nutr. 2016, 13, 38. [CrossRef]

Tam, R.; Beck, K.L.; Manore, M.M.; Gifford, J.; Flood, V.M.; O’Connor, H. Effectiveness of Education Interventions Designed to
Improve Nutrition Knowledge in Athletes: A Systematic Review. Sports Med. 2019, 49, 1769-1786. [CrossRef] [PubMed]

Jager, R.; Kerksick, C.M.; Campbell, B.I.; Cribb, PJ.; Wells, S.D.; Skwiat, T.M.; Purpura, M.; Ziegenfuss, T.N.; Ferrando, A.A.;
Arent, S.M.; et al. International Society of Sports Nutrition Position Stand: Protein and exercise. J. Int. Soc. Sports Nutr. 2017, 14,
20. [CrossRef] [PubMed]

Sampson, G.; Morton, J.P,; Areta, J.L. A broken link: Knowledge of carbohydrate requirements do not predict carbohydrate intake
around competition in endurance athletes. Eur. J. Sport. Sci. 2024, 24, 1395-1404. [CrossRef] [PubMed]

Edmonds, C.; Tam, R.; Madigan, S.; Gubb, L.; Beck, K.L.; Gifford, J.A.; Flood, V.M.; Prvan, T.; Gemming, L.N.; O’Connor, H.
Validation of a sports nutrition knowledge questionnaire for athletes in the United Kingdom and Ireland. J. Nutr. Sci. 2023, 12, e2.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0007114511005125
https://doi.org/10.1080/07315724.2020.1723451
https://www.ncbi.nlm.nih.gov/pubmed/32011971
https://doi.org/10.1111/sms.12987
https://doi.org/10.1017/jns.2023.49
https://www.ncbi.nlm.nih.gov/pubmed/37457680
https://doi.org/10.1123/ijsnem.2017-0322
https://www.ncbi.nlm.nih.gov/pubmed/29757047
https://doi.org/10.3390/nu13061772
https://doi.org/10.1186/s12970-016-0149-4
https://doi.org/10.1007/s40279-019-01157-y
https://www.ncbi.nlm.nih.gov/pubmed/31372860
https://doi.org/10.1186/s12970-017-0177-8
https://www.ncbi.nlm.nih.gov/pubmed/28642676
https://doi.org/10.1002/ejsc.12183
https://www.ncbi.nlm.nih.gov/pubmed/39196674
https://doi.org/10.1017/jns.2022.109

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Questionnaire 
	Data Analysis 

	Results 
	Comparison of Demographic Characteristics Between Sport Groups 
	Diets and Goals Related to Nutrition 
	Post-Exercise Nutrition Recommendation Adherence Score (PENRAS) 
	Sport-Demographic Factors Influencing PENRAS 
	Information Sources and Their Impact on PENRAS 

	Associations Between PENRAS and Sports Nutrition Behavior 
	Daily Dietary Routine 
	Timing of Post-Workout Nutrition 
	Composition of the Post-Workout Meal 


	Discussion 
	Conclusions 
	References

