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Abstract: This study aimed to translate, culturally adapt, and validate “The Nutrition for Sport
Knowledge Questionnaire (NSKQ)” for Brazilian athletes. The NSKQ is an Australian instrument
composed of 87 questions divided into six subsections (weight control, macronutrients, micronutri-
ents, sports nutrition, supplementation, and alcohol) designed to assess the nutritional knowledge
(NK) of athletes. The translation process followed the recommendations of the World Health Organi-
zation for translating and adapting instruments. Semantic validation involved a panel of specialists
(n = 21), followed by an assessment performed by a group of adult Brazilian athletes from various
sports (n = 17). The reproducibility and internal consistency of the questionnaire were evaluated
via a test–retest approach in a sample of adult Brazilian athletes (n = 29) from diverse sports, who
completed the Brazilian version of the NSKQ (NSKQ-BR). Overall, the NSKQ-BR presented good
internal consistency (α = 0.95) and reproducibility (intraclass correlation coefficient (ICC) = 0.85). The
factors “sports nutrition” and “alcohol” showed moderate reproducibility (ICC = 0.74 (0.46–0.88) and
ICC = 0.68 (0.33–0.85), respectively). Most athletes (n = 17; 58.6%) presented a medium NK score
(50–65%). The NSKQ-BR is available to evaluate the NK levels of Brazilian athletes. The NSKQ-BR
presented high internal consistency and reproducibility, validating its applicability among adult
athletes across diverse sports.

Keywords: surveys and questionnaires; translation and validation; Brazilian; Portuguese; nutritional
knowledge; sports

1. Introduction

Dietary intake is crucial for athletes at all levels, from recreational to elite, due to its
direct association with the improvement of physiological adaptations to sports training and
exercise recovery. However, imbalances in food intake may have unfavorable consequences
for health and physical performance. In this regard, the insufficient nutritional knowledge
(NK) of athletes may be a barrier to adequate dietary intake [1,2]. Therefore, nutrition
education interventions may be beneficial to improving NK and supporting positive dietary
changes [3,4].

NK questionnaires are effective tools to measure an athlete’s NK level and to evaluate
the effectiveness of nutrition education interventions [5]. Concerning this, a systematic
review emphasized that all available questionnaires used to evaluate NK among athletes

Nutrients 2024, 16, 1891. https://doi.org/10.3390/nu16121891 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu16121891
https://doi.org/10.3390/nu16121891
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-6224-9333
https://orcid.org/0000-0003-4985-6996
https://orcid.org/0000-0003-0370-3089
https://orcid.org/0000-0002-3396-5058
https://orcid.org/0000-0003-0995-9077
https://orcid.org/0000-0001-7260-9497
https://doi.org/10.3390/nu16121891
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu16121891?type=check_update&version=1


Nutrients 2024, 16, 1891 2 of 11

have limitations, including outdated guidelines, inadequate validation processes, and
limited cultural adaptation. Therefore, performing the assessment of NK levels in athletes
presented a risk of bias due to the fragile context [6]. Subsequently, many better-quality NK
questionnaires have been developed to address the aforementioned limitations [3,5].

The Nutrition for Sport Knowledge Questionnaire (NSKQ) was developed to assess
the level of sport NK. The questionnaire was validated using a robust methodology and
current international recommendations on sports nutrition, and applied to several sports [7].
Furthermore, the NSKQ has also been translated into five languages, namely German,
Swedish, Turkish, Chinese, and Malay [8].

In Brazil, there is currently no validated questionnaire to assess the NK of Brazilians.
Most studies have used adaptations of questionnaires from other populations or used non-
validated instruments [9–13]. The lack of methodological rigor and absence of sport-related
inquiries elevate the potential for bias in the obtained results. To this end, a validated and
adapted international questionnaire in Brazilian Portuguese could enhance the assessment
of NK among Brazilian athletes, providing reliable data and enabling meaningful cross-
country comparisons. In addition, the instrument will support future research on sport
NK and assist dietitians and physicians in clinical practice. Therefore, this study aimed to
translate, culturally adapt, and validate the NSKQ to the Brazilian athlete population.

2. Materials and Methods

This cross-sectional study was approved by the Research Ethics Committee of the
Faculty of Health Sciences of the University of Brasília, Brazil (CAAE 58628722.3.0000.0030),
on 27 July 2022 and was conducted in three stages: (i) translation; (ii) semantic assessment
and cultural adaptation; and (iii) assessment of internal consistency and reproducibility.

The present study used the Australian NSKQ (original in English) developed by
Trakman et al. (2017) [7] with adjustments made in 2019 regarding the food nutrient
content, protein recommendations, and the legality of supplements [8]. The questionnaire
has 87 items divided into six subsections: weight control, macronutrients, micronutrients,
sports nutrition, supplementation, and alcohol. The answer formats include multiple choice
questions, “agree/disagree/not sure”, and “effective/not effective/not sure”, with 1 point
assigned for each correct answer. The NK quantification is given by the percentage-based
scoring system established by the original NSKQ´s authors, as follows: “poor” (0–49%
right), “medium” (50–65%), “good” (66–75%), and “excellent” (76–100%).

2.1. Translation

The process followed the recommendations of the World Health Organization for
the translation and adaptation of instruments [14]. Following contact and authorization
from the responsible author, the original version of the questionnaire (NSKQ in English)
was translated into the Brazilian Portuguese language by a bilingual researcher native to
Portuguese and familiar with the sports nutrition field.

Subsequently, back-translation (from Brazilian Portuguese to English) was performed
by a bilingual researcher who was native to England and had resided in Brazil for ten
years, with no prior knowledge of the questionnaire and also familiar with the sports
nutrition field.

Thereafter, a panel of three bilingual researchers (native to Portuguese) with expertise
in the sports nutrition field analyzed the back-translated version (in English) using the
original questionnaire (English-to-English comparison). Then, they analyzed the translated
version (in Brazilian Portuguese) to solve any possible non-conformities.

After necessary corrections, the final version of the questionnaire was revised by
the same two translator researchers (native in Portuguese and native in English) to fi-
nalize the translation of the questionnaire into the Brazilian Portuguese language, “The
Nutrition for Sport Knowledge Questionnaire—Brazil” (NSKQ-BR). The translation pro-
cess was performed at the middle school level for a broad understanding of the athlete
population [15,16].
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The imperial system used in the NSKQ (kilojoules, ounces, pounds, and mmol/L)
was excluded, leaving only the metric system, which is used in Brazil (kilocalories, grams,
kilograms, and mL/dL). In addition, the unusual foods consumed in Brazilian culture
were changed for habitual options with a similar nutritional composition and purpose
(nutrient targeted by the question), e.g., Question 2.9.3. “1 cup baked beans” was changed to
“1 full ladle baked beans” and Question 2.9.4. “1/2 cup cooked quinoa”, which contains
4 g of protein, was changed to “3 serving spoons boiled rice”, presenting the same 4 g of
protein. For this, the Brazilian Food Composition Table (TBCA 7.2) was utilized for food
substitutions, and the GloboDiet manual (a photographic manual for food quantification)
was used for home measurement adjustments [16,17].

2.2. Semantic Assessment and Cultural Adaptation

This step was performed by two panels of judges in two different stages to assess
the clarity of the questionnaire (semantic aspect and cultural adaptation). First, a panel of
21 health professionals with master’s or doctorate degrees and sports nutrition experience
evaluated the clarity of the questionnaire (panel of specialists). After approval by specialists,
a panel of 17 healthy Brazilian athletes (aged between 18–59 years) also evaluated the clarity
of the questionnaire (panel of athletes) [18]. For athletes, the exclusion criteria included
being a nutrition student or a nutritionist. The judges (specialists and athletes) were
enrolled in the study through a social media advertisement (Instagram and WhatsApp by
Meta, Inc. Menlo Park, CA, USA) and via direct contact with coaches.

For semantic assessment and cultural adaptation, the NSKQ-BR was inserted into
the SurveyMonkey© platform version 4.2.0 (SurveyMonkey Inc., San Mateo, CA, USA).
After they provided consent to participate in the study and answered questions regarding
their sociodemographic status (age, gender, region, education level, sport and athletic
experience), the judges individually analyzed the clarity parameters of each question
(n = 87) on a Likert scale ranging from 0 to 5, where 0 indicates “I didn’t understand
anything”; 1—“I understand just a little”; 2—“I understand more or less”; 3—“I understood
almost everything, but I had some doubts”; 4—“I understood almost everything”; and
5—“ I understood perfectly and had no doubts”. The judges could make suggestions
regarding any question to improve the clarity of the questionnaire.

To assess the degree of agreement between judges, Kendall’s coefficient of agreement
(W) was used. In case of disapproval (W values < 0.8 with Likert score < 4), the item was
rewritten according to the suggestions provided and reassessed by the two panels of judges
until the required degree of agreement was obtained (W ≥ 0.8 with Likert score ≥ 4) [19,20].

After the semantic evaluation and cultural adaptation stages, the questionnaire was
reviewed by the same three researchers who participated in the translation stage, resulting
in the final version of NSKQ-BR.

2.3. Assessment of Internal Consistency and Reproducibility

To assess the internal consistency and reproducibility of NSKQ-BR, a total of
29 Brazilian athletes aged 18–59 years completed the questionnaire [21]. For this pur-
pose, athletes were asked to complete the NSKQ-BR questionnaire on the Survey-Monkey©
platform version 4.2.0 (SurveyMonkey Inc. San Mateo, CA, USA), which included a consent
form and socio-demographic questions (age, gender, region, education level, sport and
athletic experience). The volunteer athletes were invited to participate in the study by con-
tacting their coaches and through social media advertisements (Instagram and WhatsApp
by Meta, Inc. Menlo Park, CA, USA). The exclusion criteria for this stage included not
being a nutrition student or a nutritionist. The questionnaire was applied twice (test-retest)
without prior knowledge of the second application. Therefore, the questionnaire was sent
48 h after the first application and needed to be answered within 7 days [22].
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2.4. Statistical Analysis

Sociodemographic data are presented using the absolute frequency and mean with
standard deviation (for normal distribution) or median with interquartile range (for non-
normal distribution). The Shapiro–Wilk test was used to assess normality and the Sturges
rule was applied to determine the number of classes [19]. Kendall’s coefficient of agree-
ment (W), which varies from 0 to 1, was used to assess the questionnaire translation
process through semantic evaluation and cultural adaptation. Values of W ≥ 0.8 indi-
cate convergence in the analysis, while W < 0.8 demonstrates disagreement between
respondents [20,22]. To determine the reproducibility of the questionnaire, the intraclass
correlation coefficient (ICC) was applied to perform the test–retest comparison analysis.
Cronbach’s alpha coefficient (α) was used to verify the internal consistency of the ques-
tionnaire. Values of ICC > 0.75 and α > 0.7 were considered concordant and significant
(p < 0.05) [23,24]. Pearson’s correlation (or Spearman’s rank correlation) was performed
to assess the correlation between the test–retest NK score. In addition, Spearman’s rank
correlation coefficient or Fisher’s exact test was applied to analyze the correlation between
sociodemographic data and the NK score. All statistical analyses were performed us-
ing IBM SPSS (Statistical Package for Social Sciences) version 22 (IBM SPSS Statistics for
Windows, IBM Corp, Armonk, NY, USA).

3. Results

The NSKQ-BR (Supplementary File) was developed through the translation, cultural
adaptation, semantic assessment, internal consistency, and reproducibility evaluation stages.
A summary of this process is shown in Figure 1.
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Regarding the semantic assessment and cultural adaptation, the panel of specialists (n
= 21; 37 ± 5 y; 66.7% with a doctorate) assessed the clarity of the questionnaire. In the first
round, two questions were reproved (1.3.4 and 2.1; W = 0.74 and 0.78 with Likert score < 4,
respectively). Following the suggested revisions by the specialists, the questionnaire
achieved the required agreement for the 87 items (W = 0.96 with a Likert score ≥ 4). In the
second stage of the clarity evaluation, a panel of 17 athletes (36 ± 9 y; 6 ± 13 y of athletic
experience) conducted two rounds of assessments. Adjustments were performed on five
questions (2.2.3, 2.6, 4.10, 6.1, and 6.2), with athletes reaching agreement on the evaluation
of the 87 items in the questionnaire (W = 0.82 with a Likert score ≥ 4). The characteristics
of the specialists and athletes are shown in Table 1.

Table 1. Socio-demographic data and sample profile of specialists (n = 21) and athletes (n = 17)
included in the semantic evaluation.

Specialists (n = 21) N (% Available Data)

Age (in years)
Gender

36.8 (5.5) a

Female 12 57.1
Male 9 42.9

Region *
Midwest 11 52.4
Southeast 9 42.8
Northeast 1 4.8

Degree of expertise
Nutrition 16 76.2

Nutrition and
Physical Education 3 14.3

Physical Education 2 9.5

Educational Level
Doctorate 14 66.7

Master 7 33.3

Athletes (n = 17) N (% available data)

Age (in years) 36.2 (9.1) a

Gender
Male 13 76.5

Female 4 23.5

Region *
Midwest 13 76.4
Southeast 2 11.8
Northeast 2 11.8

Postgraduate 7 41.2

Educational Level
Bachelor’s degree 5 29.4

High school 4 23.5
Elementary school 1 5.9

Sport
Endurance 11 64.7

Strength 4 23.5
Miscellaneous ** 2 11.8

Athletic Experience
(in years)

2–7 9 52.9
8–13 3 17.6

14–19 3 17.6
20–25 1 5.9
26–32 1 5.9

a Mean and standard deviation; * Human development by Brazilian region (2016): Midwest—0.757; Southeast—
0.766; Northeast—0.663 [25]; ** Judo and Soccer.

Concerning the assessment of internal consistency and reproducibility, 29 Brazilian
athletes from different sports (39 ± 10 y; 8 ± 7 y of athletic experience) participated in the
test–retest stage. The average response time during the test was 21 min, while for the retest,
it was 17 min. Among the athletes, 24 (86.2%) had received nutritional counseling at some
point, of which 14 (48.3%) were still under such counseling at the time of the study. In
terms of the primary source of nutritional information, 17 (58.6%) mentioned nutritionists,
7 (24.1%) cited health professionals (such as doctors, trainers, and physiotherapists), and 5
(17.2%) referred to social media. The characteristics of the athletes are shown in Table 2.
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Table 2. Socio-demographic data of athletes included in the test–retest (n = 29).

N (% Available Data)

Age (in years) 38.5 (10.2) a

Gender
Male 18 62.1

Female 11 37.9

Region **

Midwest 16 55.2
Southeast 9 31.0
Northeast 2 6.9

South 2 6.9
Bachelor´s degree 13 44.8

Educational Level
Postgraduate studies 11 37.9

High school 3 10.3
Elementary school 2 6.9

Sport
Endurance 19 65.5

Strength 7 24.1
Combat sports 3 10.3

Athletic Experience
(in years)

1–6 12 41.4
7–12 12 41.4

13–18 3 10.3
19–24 1 3.4
25–30 0 0.0
31–37 1 3.4

a Mean and standard deviation; ** Human development by Brazilian region (2016): Midwest—0.757; Southeast—
0.766; Northeast—0.663; South—0.754 [25].

Overall, the NSKQ-BR presented a good internal consistency (α = 0.95) and repro-
ducibility (ICC = 0.85). However, as shown in Table 3, when analyzed individually, the
factors “sports nutrition” and “alcohol” showed only moderate reliability (reproducibility)
(ICC = 0.74 (0.46–0.88) and ICC = 0.68 (0.33–0.85), respectively) [24]. The overall NK score
was 59.1 ± 9.3% at test and 56.9 ± 12.8% at retest, with a strong positive correlation found
between the test and retest total scores (Pearson’s r = 0.76; p = <0.001). Moderate positive
correlations were shown for the factors “macronutrients” (r = 0.65), “sports nutrition”
(r = 0.61), and “alcohol” (r = 0.51) (all p = 0.01).

Table 3. Test-retest data (n = 29).

Factor Test (%) Retest (%) a α (95% CI) ICC (95% CI) ¶ Correlation
Coefficient p-Value

Weight Management 75.0 ± 25.0 * 69.3 ± 13.9 0.74 (0.62–0.87) 0.88 (0.74–0.94) 0.77 0.01
Macronutrients 68.7 ± 10.6 66.9 ± 12.4 0.89 (0.82–0.94) 0.78 (0.54–0.90) 0.65 0.01
Micronutrients 50.4 ± 18.3 48.5 ± 21.5 0.90 (0.84–0.95) 0.86 (0.70–0.93) 0.76 0.01

Sports Nutrition 55.8 ± 15.9 52.3 ± 20.3 0.78 (0.64–0.88) 0.74 (0.46–0.88) 0.61 0.01
Supplementation 48.3 ± 22.5 41.7 ± 23.8 * 0.78 (0.65–0.88) 0.83 (0.63–0.92) 0.71 0.01

Alcohol 50.0 ± 12.5 * 50.0 ± 25.0 * 0.79 (0.66–0.89) 0.68 (0.33–0.85) 0.51 0.01
Overall 59.1 ± 9.3 56.9 ± 12.6 0.95 (0.93–0.98) 0.85 (0.68–0.93) 0.76 0.01

a Interval average of test–retest: 5 ± 2 days; * Nonparametric distribution; ¶ Two-way mixed effects model,
absolute agreement.

The mean NK score observed among the athletes assessed (n = 29) was 59.1%. Most of
the athletes (n = 17; 58.6%) presented a medium NK score (Figure 2). Of those who obtained
a high score (good (66–75%) and excellent (76–100%)), 80.0% (n = 8) were men, had a high
level of education (bachelor’s degree or more) and received nutritional monitoring, 60.0%
(n = 6) practiced endurance sports, and 40.0% (n = 4) had 7 to 13 years of athletic experience
and obtained nutritional information from a nutritionist. Among those with low scores
(poor (<50%) and medium (50–65%)), 52.6% (n = 10) were men, 84.2% (n = 16) had a high
level of education, 68.4% (n = 13) practiced endurance sports, 47.4% (n = 9) had 1 to 7 years
of athletic experience, 89.5% received nutritional monitoring (n = 17), and 68.4% (n = 13)
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obtained nutritional information from a nutritionist. However, no correlation was found
between the sociodemographic data and NK score (Table 4).
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Table 4. Nutritional Knowledge score by sample profile of athletes (n = 29).

Poor/Medium n
(%)

Good/Excelent n
(%) p-Value

Gender
Male 10 (52.6%) 8 (80.0%) p = 0.234

Female 9 (47.4%) 2 (20.0%)
Educational

Level
Low * 3 (15.8%) 2 (20.0%) p = 0.576

High ** 16 (84.2%) 8 (80.0%)

Sport
Endurance 13 (68.4%) 6 (60.0%)

Strength 4 (21.1%) 3 (30.0%) p = 0.865
Combat sports 2 (10.5%) 1 (10.0%)

Athletic
Experience
(in years)

1–6 9 (47.4%) 3 (30.0%)
7–12 6 (31.6%) 4 (40.0%)

13–18 3 (15.8%) 2 (20.0%) p = 0.540
19–24 0 (0.0%) 1 (10.0%)
25–30 0 (0.0%) 0 (0.0%)
31–37 1 (5.3%) 0 (0.0%)

Nutritional
Monitoring

Yes 17 (89.5%) 8 (80.0%) p = 0.592
No 2 (10.5%) 2 (20.0%)

Nutritional
Information

Nutritionist 13 (68.4%) 4 (40.0%) p = 0.278
Health professional

Social media
4 (21.1%)
2 (10.5%)

3 (30.0%)
3 (30.0%)

* Elementary school and High school; ** bachelor’s degree and postgraduate studies.

4. Discussion

This is the first study to translate and validate an NK questionnaire regarding sports
nutrition for Brazilian athletes. Until now, no properly constructed and validated ques-
tionnaire that is available in the Brazilian Portuguese language has been adapted to the
dietary context of the Brazilian population. The NSKQ-BR was designed to assess athletes’
knowledge of nutritional aspects (macronutrients and micronutrients), weight control,
supplementation, sports nutrition, and alcohol.

In general, the questionnaire presented good reliability and reproducibility in the
overall score (α = 0.95; ICC = 0.85). In the factors analysis, only “sports nutrition” and
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“alcohol” did not achieve adequate reproducibility, presenting a marginal value (ICC = 0.74
and ICC = 0.68, respectively). However, a similar result was observed in the original
NSKQ, where authors found adequate reliability and reproducibility in the global aspect
(KR-20 = 0.87 and Pearson’s r = 0.92 (p < 0.001)) but inadequate values for “alcohol” (KR-
20 = 0.5) and “supplementation” (Pearson’s r = 0.6) [7]. Therefore, while the general
response to the questionnaire when applied in future work can be considered reliable and
reproducible, caution must be taken regarding the specific responses to sports nutrition
and alcohol.

The mean NK score was lower in all domains in the second application of the NSKQ-
BR, except for the “alcohol” factor, which presented similar values (test: 50.0 ± 12.5; retest:
50.0 ± 25.0). In the retest, the “alcohol” factor showed high variation in responses, which
could have affected its reproducibility value, as the ICC is sensitive to high variability
between individuals [24]. Therefore, this probably occurred due to participants guessing
the answers.

The mean NK score observed among the athletes assessed was 59.1%, indicating a
medium level of knowledge. Comparable findings were reported among elite English
squash players (56.1%) and professional athletes in the Australian women’s football league
(50.6%) [26,27]. Conversely, studies conducted with professional Irish Gaelic footballers,
Australian team sports athletes, and Scottish rugby athletes revealed a poor NK level
(<50%) [28–31]. Similar to the current study, no correlation was demonstrated between
age, educational level and the level of NK in the athletes [26,27]. In the present study,
athletes demonstrated high levels of knowledge (>65%) about “weight management”
and “macronutrients” factors. These outcomes can inform more targeted and effective
nutritional education initiatives. In this context, the use of NK questionnaires in sports
practice can help to optimize the performance of coaches and sports nutritionists to combat
misinformation among athletes.

Inadequate NK in athletes may be responsible for insufficient food consumption [1]. In
Brazilian athletes, estimates suggest a prevalence of low energy availability (LEA) ranging
from 62% to 88% [32]. Inadequate dietary intake, a factor that contributes to LEA, may be
addressed by athletes through increasing their NK levels. In this regard, the evaluation of
NK enables the identification of gaps in athletes’ knowledge, which supports the creation
of effective educational programs [2,4].

In this context, the NSKQ-BR is a reliable tool to assess NK, and will improve the clini-
cal practice of coaches and sports nutritionists to prevent and treat the inadequate dietary
intake of Brazilian athletes aiming to optimize exercise performance. Furthermore, we
expect that the NSKQ-BR will help athletes translate the NK into better food consumption
patterns, thereby improving recovery and sports performance.

The use of a validated and adapted international questionnaire allows the reliable
comparison of data across different countries [6]. Similar to the current study, other authors
successfully adapted the NSKQ for use in Turkey. Following cultural adjustments, the
questionnaire demonstrated a high degree of validity and reliability (α = 0.908; Pearson’s
r > 0.5) [33]. However, the study was published in the Turkish language, which precludes a
full understanding of the manuscript. Furthermore, among all the languages into which
the NSKQ was translated (German, Swedish, Turkish, Chinese, and Malay) [8], only the
Turkish version has been published as a scientific article [33]. Therefore, future studies
proposing to translate the NSKQ should follow the international guidelines for translation
and validation to obtain a validated questionnaire and generate reliable results.

Although web-based research may have limitations, recent official data indicate that
the majority of the Brazilian population (87.2%) has access to the internet [34]. The Brazilian
Portuguese language presents heterogeneity due to the vast extent of its territory. In
this regard, the online application enabled Brazilian regions to be better represented.
Furthermore, the sample consisting of athletes from diverse educational levels, sports,
and athletic experiences supports the applicability of the NSKQ-BR in various Brazilian
sporting contexts.
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The length of time required to complete the questionnaire (17 to 21 min) may serve as
a barrier for specific groups of athletes or nutritional goals. Consequently, future studies
are required to develop an abbreviated version of the NSKQ-BR to improve its application
in several contexts. In addition, the moderate reproducibility observed in the “sports
nutrition” and “alcohol” factors is a limitation of the presented study, even as the original
NSKQ. Therefore, although the original NSKQ allows the independent application of
factors [7], the NSKQ-BR does not allow the robust application of the “sports nutrition”
and “alcohol” factors due to the fragility of the reproducibility (ICC = 0.74 and ICC = 0.68,
respectively). Overall, the NSKQ-BR´s translation and validation for Portuguese and
Brazilian culture were successful.

5. Conclusions

“The Nutrition for Sport Knowledge Questionnaire—Brazil” is now available to evalu-
ate the NK levels of Brazilian athletes. The NSKQ-BR presented high internal consistency
and reproducibility, validating its applicability among adult athletes across diverse sports.
Notably, the “sports nutrition” and “alcohol” factors exhibited moderate reproducibility
only, suggesting that caution should be exercised when performing the isolated assessment
of these specific factors. This study improves the assessment of NK in sports, enabling more
effective nutritional strategies for Brazilian athletes and sports nutritionists. Future research
using the NSKQ-BR to assess the NK of Brazilian athletes is expected, and adjustments
could be applied in advance to sports nutrition recommendations.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu16121891/s1.

Author Contributions: Conceptualization, J.B.A.d.S. and C.E.G.R.; methodology, J.B.A.d.S., G.F.M.,
R.P.Z. and C.E.G.R.; software, J.B.A.d.S.; validation, J.B.A.d.S., G.F.M., R.P.Z., T.H.M.d.C., B.S. and
C.E.G.R.; formal analysis, J.B.A.d.S.; investigation, J.B.A.d.S.; resources, J.B.A.d.S. and C.E.G.R.;
writing—original draft preparation, J.B.A.d.S.; writing—review and editing, J.B.A.d.S., G.F.M., R.P.Z.,
T.H.M.d.C., B.S. and C.E.G.R.; visualization, J.B.A.d.S. and C.E.G.R.; supervision, C.E.G.R.; project
administration, J.B.A.d.S. and C.E.G.R.; funding acquisition, C.E.G.R. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Research Ethics Committee of the Faculty of Health Sciences of the
University of Brasília, Brazil (CAAE 58628722.3.0000.0030, approval date: 27 July 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 acknowledge the specialists and athletes for contribut-
ing to the study, as well as Gina Trakman who designed the NSKQ and authorized its translation.
Jéssica de Sousa acknowledges the receipt of a personal research grant from the Federal District
Research Support Foundation (FAPDF). Teresa H M da Costa acknowledges the receipt of a per-
sonal research grant (no. 310399/2021-1) from the National Council for Scientific and Technological
Development (CNPq). Bryan Saunders (2021/06836-0) acknowledges the receipt of a personal re-
search grant from São Paulo Research Foundation (FAPESP). Bryan Saunders also acknowledges a
scholarship granted by the HCFMUSP-LIMs “Adopt a Researcher” program.

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

References
1. Thomas, D.T.; Erdman, K.A.; Burke, L.M. Nutrition and Athletic Performance. Med. Sci. Sports Exerc. 2016, 48, 543–568. [CrossRef]

[PubMed]
2. Malsagova, K.A.; Kopylov, A.T.; Sinitsyna, A.A.; Stepanov, A.A.; Izotov, A.A.; Butkova, T.V.; Chingin, K.; Klyuchnikov, M.S.;

Kaysheva, A.L. Sports Nutrition: Diets, Selection Factors, Recommendations. Nutrients 2021, 13, 3771. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/nu16121891/s1
https://www.mdpi.com/article/10.3390/nu16121891/s1
https://doi.org/10.1249/mss.0000000000000852
https://www.ncbi.nlm.nih.gov/pubmed/26891166
https://doi.org/10.3390/nu13113771
https://www.ncbi.nlm.nih.gov/pubmed/34836029


Nutrients 2024, 16, 1891 10 of 11

3. Vázquez-Espino, K.; Fernández-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] [PubMed]

4. Boidin, A.; Tam, R.; Mitchell, L.; Cox, G.R.; O’Connor, H. The Effectiveness of Nutrition Education Programmes on Improving
Dietary Intake in Athletes: A Systematic Review. Br. J. Nutr. 2020, 125, 1359–1373. [CrossRef]

5. 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]

6. Trakman, G.; Forsyth, A.; Devlin, B.; 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] [PubMed]

7. Trakman, G.L.; Forsyth, A.; Hoye, R.; Belski, R. The Nutrition for Sport Knowledge Questionnaire (NSKQ): Development and
Validation Using Classical Test Theory and Rasch Analysis. J. Int. Soc. Sports Nutr. 2017, 14, 1–11. [CrossRef]

8. Trakman, G.L.; Brown, F.; Forsyth, A.; Belski, R. Modifications to the Nutrition for Sport Knowledge Questionnaire (NSQK) and
Abridged Nutrition for Sport Knowledge Questionnaire (ANSKQ). J. Int. Soc. Sports Nutr. 2019, 16, 26. [CrossRef]

9. Nicastro, H.; Dattilo, M.; Santos, T.R.d.; Padilha, H.V.G.; Zimberg, I.Z.; Crispim, C.A.; Stulbach, T.E. Aplicação da escala de
conhecimento nutricional em atletas profissionais e amadores de atletismo. Rev. Bras. Med. Esporte 2008, 14, 205–208. [CrossRef]

10. Castro, N.M.G.d.; Dáttilo, M.; Lopes, L.C. Avaliação do conhecimento nutricional de mulheres fisicamente ativas e sua associação
com o estado nutricional. Rev. Bras. Cienc. Esporte 2010, 32, 161–172. [CrossRef]

11. Rêgo, J.T.P.d.; Silva, T.A.L.d.; Medeiros, R.M.V.; Barboza, R.R.; Medeiros, J.A.d.; Dantas, P.M.S.; Miranda, H.F.d. Conhecimento
nutricional e estado antropométrico de atletas universitários. Rev. Bras. Med. Esporte 2015, 21, 447–450. [CrossRef]

12. Furber, M.J.W.; Roberts, J.D.; Roberts, M.G. A Valid and Reliable Nutrition Knowledge Questionnaire for Track and Field Athletes.
BMC Nutr. 2017, 3, 1–7. [CrossRef] [PubMed]

13. Duarte Junior, M.A.d.S.; Louise Trakman, G.; Brugnara Mello, J.; De Andrade, M.X.; Carlet, R.; Figueiredo Machado, C.L.; Silveira
Pinto, R.; Da Cunha Voser, R. Nutritional Knowledge and Eating Habits of the National Brazilian Futsal Team. Rev. Esp. Nutr.
Humana Diet. 2021, 25, e1393. [CrossRef]

14. World Health Organization Process of Translation and Adaptation of Instruments. Available online: https://www.who.int/
substance_abuse/research_tools/translation/en/ (accessed on 1 May 2023).

15. Pratesi, C.B.; Häuser, W.; Uenishi, R.H.; Selleski, N.; Nakano, E.Y.; Gandolfi, L.; Pratesi, R.; Zandonadi, R.P. Quality of Life of
Celiac Patients in Brazil: Questionnaire Translation, Cultural Adaptation and Validation. Nutrients 2018, 10, 1167. [CrossRef]
[PubMed]

16. Brazilian Food Composition Table (TBCA). University of São Paulo (USP). Food Research Center (FoRC). Version 7.2. São Paulo.
2022. Available online: http://www.fcf.usp.br/tbca (accessed on 5 April 2024).

17. Crispim, S.P. GloboDiet Manual; Federal University of Paraná: Curitiba, Brazil, 2017; 147p.
18. Okoli, C.; Pawlowski, S.D. The Delphi Method as a Research Tool: An Example, Design Considerations and Applications. Inf.

Manag. 2004, 42, 15–29. [CrossRef]
19. Sturges, H. The choice of a class interval. J. Amer. Statist. Assoc. 1923, 21, 65–66. [CrossRef]
20. Meijering, J.V.; Kampen, J.K.; Tobi, H. Quantifying the Development of Agreement Among Experts in Delphi Studies. Technol.

Forecast. Soc. Chang. 2013, 80, 1607–1614. [CrossRef]
21. Bujang, M.A. A simplified guide to determination of sample size requirements for estimating the value of intraclass correlation

coefficient: A review. Arch. Orofac. Sci. 2017, 12, 1–11.
22. Watson, P.F.; Petrie, A. Method Agreement Analysis: A Review of Correct Methodology. Theriogenology 2010, 73, 1167–1179.

[CrossRef]
23. Streiner, D.L. Starting at the Beginning: An Introduction to Coefficient Alpha and Internal Consistency. J. Pers. 2003, 80, 99–103.

[CrossRef]
24. Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.

Med. 2016, 15, 155–163. [CrossRef] [PubMed]
25. Human Development in Brazilian Macro-Regions: 2016; PNUD, IPEA, FJP: Brasília, Brazil, 2016; 55p, ISBN 978-85-88201-31-6.
26. Turner, O.; Mitchell, N.; Ruddock, A.; Purvis, A.; Ranchordas, M. Elite squash players nutrition knowledge and influencing

factors. J. Int. Soc. Sports Nutr. 2021, 18, 46. [CrossRef] [PubMed]
27. Jenner, S.L.; Devlin, B.L.; Forsyth, A.K.; Belski, R. Assessing the nutrition knowledge of professional female Australian football

(AFLW) athletes. Sci. Med. Footb. 2020, 4, 240–245. [CrossRef]
28. McCrink, C.M.; McSorley, E.M.; Grant, K.; McNeilly, A.M.; Magee, P.J. An investigation of dietary intake, nutrition knowledge

and hydration status of Gaelic Football players. Eur. J. Nutr. 2020, 60, 1465–1473. [CrossRef] [PubMed]
29. Trakman, G.L.; Forsyth, A.; Hoye, R.; Belski, R. Australian team sports athletes prefer dietitians, the internet and nutritionists for

sports nutrition information. Nutr. Diet. 2019, 76, 428–437. [CrossRef] [PubMed]
30. Jenner, S.L.; Trakman, G.; Coutts, A.; Kempton, T.; Ryan, S.; Forsyth, A.; Belski, R. Dietary intake of professional Australian

football athletes surrounding body composition assessment. J. Int. Soc. Sports Nutr. 2018, 15, 43. [CrossRef] [PubMed]
31. Hitendre, S.; Jordan, R.; Theodorakopoulos, C.; White, L. Dietary Intakes, Knowledge, and Perceptions of Semi-professional

Rugby Athletes in Scotland. J. Int. Soc. Sports Nutr. 2022, 19, 49–69. [CrossRef]
32. Maria, U.P.; Juzwiak, C.R. Low energy availability as the main component to identify the female athlete triad or relative energy

deficiency in sport prevalence in Brazilian athletes: A systematic review. RBNE—Rev. Bras. Nutr. Esportiva 2023, 17, 153–164.

https://doi.org/10.3390/nu12113561
https://www.ncbi.nlm.nih.gov/pubmed/33233681
https://doi.org/10.1017/s0007114520003694
https://doi.org/10.1007/s13668-022-00397-1
https://doi.org/10.3390/nu8090570
https://www.ncbi.nlm.nih.gov/pubmed/27649242
https://doi.org/10.1186/s12970-017-0182-y
https://doi.org/10.1186/s12970-019-0293-8
https://doi.org/10.1590/s1517-86922008000300009
https://doi.org/10.1590/s0101-32892010000400011
https://doi.org/10.1590/1517-869220152106112307
https://doi.org/10.1186/s40795-017-0156-0
https://www.ncbi.nlm.nih.gov/pubmed/32153816
https://doi.org/10.14306/renhyd.25.s1.1393
https://www.who.int/substance_abuse/research_tools/translation/en/
https://www.who.int/substance_abuse/research_tools/translation/en/
https://doi.org/10.3390/nu10091167
https://www.ncbi.nlm.nih.gov/pubmed/30149623
http://www.fcf.usp.br/tbca
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.1080/01621459.1926.10502161
https://doi.org/10.1016/j.techfore.2013.01.003
https://doi.org/10.1016/j.theriogenology.2010.01.003
https://doi.org/10.1207/s15327752jpa8001_18
https://doi.org/10.1016/j.jcm.2016.02.012
https://www.ncbi.nlm.nih.gov/pubmed/27330520
https://doi.org/10.1186/s12970-021-00443-3
https://www.ncbi.nlm.nih.gov/pubmed/34112186
https://doi.org/10.1080/24733938.2020.1752929
https://doi.org/10.1007/s00394-020-02341-x
https://www.ncbi.nlm.nih.gov/pubmed/32734346
https://doi.org/10.1111/1747-0080.12569
https://www.ncbi.nlm.nih.gov/pubmed/31397068
https://doi.org/10.1186/s12970-018-0248-5
https://www.ncbi.nlm.nih.gov/pubmed/30217203
https://doi.org/10.1080/15502783.2022.2036436


Nutrients 2024, 16, 1891 11 of 11

33. Çirak, O.; Çakiroglu, F.P. The Validity and Reliability Study of The Turkish Version of The Nutrition for Sport Knowledge
Questionnaire. J. Ank. Health Scie 2019, 23, 35–49.

34. IBGE—Instituto Brasileiro de Geografia e Estatística. Acesso à Internet e à Televisão e Posse de Telefone Móvel. Available online:
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2102040 (accessed on 4 June 2024).

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://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2102040

	Introduction 
	Materials and Methods 
	Translation 
	Semantic Assessment and Cultural Adaptation 
	Assessment of Internal Consistency and Reproducibility 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

