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Summary

> Adolescent athletes are avulnerable target group for nutriti-
onal education and nutritional interventions. Although the le-
vel of nutritional knowledge and food literacy should be known
before conducting nutritional interventions, there is no valid
tool available to assess the nutritional knowledge of German
adolescent athletes.

> Thus, the aim of the study was to modify and validate an
internationally established nutrition knowledge questionnaire
for adults for use in German adolescent athletes.

> The General Nutrition Knowledge Questionnaire (GNKQ)
was translated into German and subsequently tested in two
phases. In total, 75 adolescent athletes (40 m/35 f; 14 = 1 years)
attending Elite Schools of Sports participated. First, 34 parti-
cipants answered 45 questions allocated into four knowledge
sections. All questions correctly answered by =80% or <20%, were
eliminated as part of the validation strategy (N=13 questions).

> The remaining questions were then analyzed for internal
and test-retest reliability, with 41 new participants completing
the validated version. Overall, reliability values of the validated
questionnaire were 0.86 (Cronbach’s alpha) and 0.92 (Pearson’s
correlation coefficient). Taken together, participants answered
48 + 21% of the questions correctly (males: 50 + 11% vs. females:
45.+9%.p=0.03).

> In conclusion, with this modified GNKQ it is now possible to
reliably assess the nutritional knowledge and food literacy of
German adolescent athletes and to use this modified assessment
tool to measure improvements evoked by nutritional education
programs.

Zusammenfassung

Nachwuchsathleten stellen eine vulnerable Zielgruppe fiir Er-
niahrungsbildungund Ernahrungsinterventionen dar. Obwohl die
Kenntnis iiber das Erniahrungswissen von Nachwuchssportlern
Grundlage jeder Erndhrungsintervention sein sollte, gibt es fiir
deutsche Nachwuchsathleten kein validiertes Erfassungsinstru-
ment des Erndhrungswissens und kaum Untersuchungen hierzu.
Ziel der vorliegenden Arbeit war es daher, einen internati-
onal etablierten und validierten Fragebogen zur Erfassung des
Erndhrungswissens von Erwachsenen fiir die Anwendung im

deutschen Nachwuchsleistungssport zu modifizieren und zu
validieren.

Hierzu wurde der General Nutrition Knowledge Questi-
onnaire (GNKQ) zuniichstins Deutsche iibersetzt und anschlie-
Bend in einem Zwei-Phasen-Schema mit deutschen Nachwuchs-

athleten getestet. Insgesamt haben 75 Nachwuchsathleten
verschiedener Eliteschulen des Sports (40 m/35 w: 14 + 1 Jahre)
teilgenommen. Zuerst haben 34 Teilnehmer den Fragebogen mit
45 Fragen, die in 4 Wissenssektionen unterteilt sind. ausgefillt.
Fragen, die von 80% oder <20% der Teilnehmer korrekt beant-
wortet wurden, wurden aufgrund der Validierungsstrategie
eliminiert (N=13 Fragen).

AnschlieBend wurden die verbleibenden Fragen. die von
41 neuen Teilnehmern beantwortet wurden, mit Korrelations-
analysen auf die interne und Test-Retest-Reliabilitit gepriift.
Die interne Reliabilitit des so modifizierten Fragenbogens
mit 32 Fragen betrug 0.86 (Cronbach’s Alpha) und fiir die

Test-Retest-Reliabilitat 0.92 (Pearson-Korrelation). Insgesamt
konnten die Nachwuchsathleten 48 + 21% der validierten Fragen
richtigheantworten (Jungen 50 + 11%, Méadchen 45 + 9%, p = 0,03).
Zusammenfassend steht mit diesem modifizierten GNKQ
erstmals ein reliables Instrument fiir die Erfassung des Ernih-
rungswissens von deutschsprachigen Nachwuchsathleten zur
Verfiigung, sodass der Interventionserfolg von Ernéhrungsbil-
dungsmafSnahmen valide erfasst werden kann.
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Introduction

The link between appropriate nutrition and the
maintenance of an athlete’s health and well-being
isundeniable (4, 17,9). Nevertheless, there is evidence
that food literacy and knowledge of appropriate di-
etary choices is poor among athletes (23). As a re-
sult of poor knowledge, the main issues concerning
athletes’ diets vary from a general low energy intake
to a combination of inappropriate consumption of

carbohydrates or fats (1). Athletes also tend to have
ahigher supplement use than non-athletes, although
- or because of - their general dietary knowledge and
habits may be inadequate (2, 3). In addition, female
athletes have been reported to often have a deficient
intake of micronutrients, especially iron, zinc and
calcium (1, 19, 16). Poor dietary habits are associated
with an increased risk of injuries and other serious
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health conditions such as the female athlete triad (i.e. the asso-
ciation between low energy availability, menstrual dysfunctions
and low bone mineral density) (6, 12).

Inapt dietary practices are often a result of one’s own nutri-
tional knowledge, misconceptions and frequently misguidance
from coaches, trainers or peers (6, 24, 14, 8). In recent years,
there has been an on-going effort to assess and improve the
knowledge status of competitive athletes worldwide (i.e. col-
lege & professional level) (1, 18, 21, 13). However, little is known
about the dietary knowledge of adolescent athletes in Germany
(10-19 years). This is despite the fact that during adolescence,
appropriate nutrition plays a crucial role due to the high nu-
tritional requirements resulting from combined demands
of growth, cognitive development, tissue maintenance and
a constantly increasing competition and training load (4, 8).
Moreover, although adolescent athletes are a vulnerable tar-
get group concerning nutritional guidance and nutritional
education, no validated assessment tool to reliably assess nu-
tritional knowledge and food literacy is available for German
adolescent athletes. Therefore, the purposes of this study were:
1), to translate and adapt an internationally established and
validated nutritional knowledge questionnaire for adults and
to validate it in an adolescent athletic population in Germany;
2), to assess the reliability of the translated and validated ques-
tionnaire in adolescent athletes; 3), to provide a validated and
reliable assessment tool that may be used to assess the nutri-
tional knowledge of German adolescent athletes or to evaluate
any interventions targeting to improve nutritional knowledge
in adolescent athletes.

Methods

Original Questionnaire Characteristics and

Adaptation Strategy

After reviewing the literature on nutritional knowledge ques-
tionnaires, the psychometric valid and reliable survey from
Parmenter & Wardle (14) was nominated out of a pool of pre-se-
lected articles. The chosen survey was formerly developed to
assess the nutritional knowledge and its relation to dietary
behavior among adults in the UK, and it was composed of four
knowledge-specific sections (i.e. Dietary recommendations;
Sources of nutrients; Choosing every day foods; Diet-disease
relationship). A total of 45 items were translated from English
to German and upon necessity, the content was adapted to re-
gional (i.e. types of food & traditional dishes (see Table 1 for
examples)) or cohort needs (e.g. simplifying and adapting the
wording of sentences). A team of nutritionists, sports scientists
and a physician conducted the adaptation strategy.

Subjects

A total of 75 adolescent athletes (40 males, 35 females; 14 +
1 years) from a variety of sports disciplines took part in the
current investigation. All participants attended to elite sports
schools and were recruited in two stages at the Outpatient
Clinic from Potsdam University during their pre-participation
examination or annual health evaluation as requested by the
International Olympic Committee (11), or at the German Olym-
pic Training Base from Potsdam. The local Ethics committee
approved the study, with written informed consent being given
by the athletes’ parents or legal representatives.

Validation (Stage 1)
At this stage, 34 participants were recruited and asked to re-
spond all of the 45 translated items. In accordance to Kline (10),
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Example of questions having certain types of food or traditional dishes
adapted to regional needs (see appendix 2 to read full items).

TYPE OF FOOD/
ITEM NUMBER ~ TRADITIONAL DISH
(ORIGINAL QUESTIONNAIRE)

TYPE OF FOOD/
TRADITIONAL DISH
(ADAPTED QUESTIONNAIRE)

6.6 Scotch egg Fried egg
13.6 Quiche Pizza
26.1 Shepherd's pie Pizza

Overview of questions not fulfilling the criteria for content validity.

N° OF QUESTIONS ~ N° OF QUESTIONS

KNOWLEDGE SECTIONS CORRECTLY ANS- CORRECTLY ANS- EﬂflglélTl:]ﬂE:s
WERED BY <20% WERED BY >80%

Dietary recommendations - - -

Sources of nutrients 4 1 5

Choosing every day foods 2 2 4

Diet-disease relationship 4 - 4

Total 10 3 13

Values for internal consistency and test-retest reliability.

KNOWLEDGE INTERNAL CONSISTENCY TEST-RETEST RELIABILITY
SECTIONS (CRONBACH'S ALPHA) (PEARSON'S CORRELATION)
Dietary recom- 0.71 0.81
mendations

Sources of 0.78 0.90
nutrients

Choosing every 0.53 0.86

day foods

Diet-disease 0.80 0.91
relationship

Total 0.86 0.92

items answered correctly by more than 80% or less than 20%
of respondents are not suitable as they are considered too easy
or too hard for the target population. Therefore, items falling
within these thresholds were excluded on the grounds of con-
tent validity.

Reliability Assessment (Stage 2)

After validation, another 41 adolescent athletes who had not
filled in the other version of the questionnaire took part in a
test-retest assessment. Participants completed the newly vali-
dated survey twice, with one week in between. The survey was
completed under supervision and usually within 25 minutes.
During the test participants were given the possibility to post
comprehension questions. Correlation analyses tested the
agreement of answers within each of the knowledge sections
(i.e. internal consistency or reliability) (7), as well as the agree-
ment of answers over time (i.e. test re-test reliability) (14).

Data Analysis

The internal consistency and test-retest reliability were calcu-
lated with Cronbach’s alpha and Pearson’s correlation coeffi-
cient, respectively (7, 14). The questionnaire results (knowledge
assessment) were computed for all 75 respondents (validated
items only). All values are descriptively presented as means +
SD. As the nutritional knowledge of adolescents has been shown
to vary between genders (22), at stage 1, expressive differenc-
es could indicate a need for gender-based questionnaires. >

249



100

80

oz 38&88883

% of correct answers (overall)

Knowledge sections

m Dietary recommendations
u Sources of nutrients
m Choosing every day foods

m Diet-disease relationship

Average amount of correct answers per knowledge section (overall from 75 respondents).

i

Hence, a two sample t-test assessed possible gender differences
at both stages (a = 0.05). Data analysis was performed with the
software’s SPSS 22, and Microsoft Excel 2011.

Results

Validation

As aresult of the validation (step 1), 13 questions were elimi-
nated from the questionnaire after being correctly answered
by 280% or <20% of participants (Tab. 2). The 32 remaining
questions were considered appropriate for the target popula-
tion according to the above-mentioned criteria (10). The 13 ex-
cluded items are displayed in appendix 1 (see online additional
material).

As no significant gender differences were computed for any
of the knowledge sections, a new survey containing 32 items
(see Appendix 2 / online additional material) has been estab-
lished with no need for a gender-based compilation of questions.

Internal Consistency & Test-Retest Reliability

As shown in table 3, correlations for the internal reliability of
each section ranged from 0.53 to 0.80, with an overall value of
0.86. Values for the reliability of answers over time ranged from
0.81 to 0.91 with a total value of 0.92.

Knowledge Assessment

Overall, correctly answered items averaged at 48 + 21%, with
males (50 + 11%) and females (45 + 9%) differing significantly
(p=0.03). At each knowledge section, correct responses ranged
from 39 + 14% to 52 + 29% (overall), with no significant gender
differences in any of the segments (Fig. 1, 2).

Discussion

In the international literature it was shown that a considerable
number of athletes has a poor or misguided understanding of
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nutrition despite its major implications on health and well-be-
ing, especially during adolescence (23, 8). Poor nutrition, how-
ever, may adversely affect athletic performance (see the Amer-
ican Dietetic Association’s position stand (17)).

Thus, intervention strategies to improve nutritional knowl-
edge, food literacy and the resulting individual food choices
should be conducted especially in adolescent athletes. To de-
velop effective nutritional education programs for athletes,
appropriate assessment tools to reliably evaluate the efficacy
of any educational efforts are required. However, there was no
nutritional knowledge assessment tool available for German
adolescent athletes until now. Thus, a psychometric valid and
reliable nutrition knowledge questionnaire (see Parmenter &
Wardle (14) for a detailed appraisal on the importance of psy-
chometric validity and reliability within a questionnaire) was
adapted and retested for content validity and reliability upon
a cohort of German adolescent athletes.

Questionnaire items not fulfilling the criteria for content
validity were mostly too hard (about 2/3) and identified in 3 out
of the 4 knowledge sections. Eventually, 29% of all questions
needed to be excluded. As the amount of correct and incorrect
answers was not affected by the gender factor, it can be inferred
that the difficulty and specificity of items suits males and fe-
males equally.

The overall instrument had high correlation values comput-
ed for both internal and test-retest reliability. The majority of
knowledge sections achieved the recommended value of 0.70
on the Cronbach’s alpha (10). The only exception being seg-
ment Choosing every day foods, which as observed in a similar
investigation can be attributed to the low amount and even
similarity of questions composing the one specific section (7).
However, it is unlikely that the content validity of the survey (i.e.
the suitability of items for the topic and its composition within
the sections) has been affected.

Regarding the evaluation of the nutritional knowledge in
the test population (N=75), moderate to low scores were ob-
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served overall and across knowledge sections. Gender-based
comparisons also revealed values within these boundaries,
though males scored better than females in all knowledge sec-
tions with a significant overall difference. Some of these val-
ues are in agreement with previous investigations where the
nutritional knowledge of US adolescents was assessed (5, 15).
However, it is still about 20% worse from what other European
studies report (20). Recently, the study group of Horvath et al.
(7), reported on the nutritional knowledge of Austrian adoles-
cent athletes, while proposing a new sport-oriented nutrition
knowledge survey. Though this seems to be the first tool de-
veloped exclusively for the assessment of German-speaking
adolescent athletes, in-depth comparisons are not possible as
our questionnaire has considerably different aims, content and
structure (see questionnaire appraisal). Moreover, their survey
may still need further development as authors themselves ac-
knowledge the necessity of improving inconsistent reliability
and validity aspects (7). Comparisons between study results
are anyway critical since most investigations differ in method-
ology and demographical characteristics. Besides, our modest
cohort size only allows us to make preliminary inferences in
regards to knowledge level. However, the presently observed
values underline the necessity of specific nutrition education
for adolescent athletes. Additionally, it would be interesting to
further evaluate if the knowledge of adolescent athletes is worse
than that of non-athletes. Consequently, larger cohorts should
be assessed before comprehensive conclusions on nutritional
knowledge can be drawn.

Questionnaire Appraisal

The present survey allows testing the nutritional knowledge
of adolescent athletes in different areas of nutrition (via the
knowledge-specific sections), which thereafter enables a tar-
geted development of interventions to address potential areas
of knowledge deficiency. Most importantly though, is that all
questions in the survey focus on basic nutritional requirements
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and habits, as well as their primary health implications, rather
than exclusively on sports. This is in turn supports one central
goal in sports nutrition, in which knowledge upon sound nu-
tritional choices is primarily fostered instead of those around
supplements or other sport-specific diets that may not be ade-
quate for adolescents.

Conclusion

After successfully translating, adapting and validating the orig-
inal survey from Parmenter & Wardle (14), a new assessment
tool containing 32 items (see Appendix 2 / online additional
material) has been established. This knowledge questionnaire
has shown to be reliable and may serve as valuable instrument
when analyzing the nutritional knowledge of German-speaking
adolescent athletes. In conclusion, with this modified GNKQ
it is now possible to reliably assess the nutritional knowledge
and food literacy of German adolescent athletes and to use this
modified assessment tool to measure improvements evoked by
nutritional education programs. |
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