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Abstract

For young athletes, an optimized diet is imporfantgrowth, health and athletic performance. Data
about nutrition knowledge, nutrient intake and fabaice in athletes are rare. Aim of the study was
to analyze nutrition knowledge and food choice afilyg athletes.

559 young athletes (59% male; 11.7+0.8 years; DB54kg/nf) were included in the study. Food
choice was assessed by a standardized Food-FreggQemstionnaire and Healthy-Eating-Index
(maximum 50 points, HELy. Nutrition knowledge was checked using a nutnitiknowledge
qguestionnaire (NKQ; 12 items, maximum 24 pointQr B better overview, total NKQ-score was
divided into 6 categories according to the Gernwrosl grading system. All results are presented as
meanztstandard deviation. Mann-Whitney U tests andskal-Wallis one-way ANOVA by ranks
were used, respectively, to check for differencetsvben gender and sports discipline. Relationship
between total NKQ- and HEI-score was assessedReitlison’s correlation coefficient=0.05).

Young athletes reached 35+10 points (70+18%HEin food choice and 9+3 points (37£12% of
the maximum score) in NKQ. There were no statiificsignificant gender differences in NKQ-
(p=0.21) or HEI-score (p=0.48), respectively. NK€p® showed that intake of vegetables and fruits
was significantly affected by sports discipline ¢p35). Intake of dairy product was higher in males
than in females (p=0.02). No correlation between(N$core and HEI-score was observgg@ro3,
95% CI [-0.17, 0.39], p=0.45).

In conclusion, both nutrition knowledge and foodick is insufficient in young athletes. Focus
should be set on nutrition education programs tprawe nutrition knowledge and food choice of
athletes.
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Introduction

Adequate dietary intake is important for athletesnaintain health and athletic performance (Meyer,
O'Connor, & Shirreffs, 2007; Heaney, O'Connor, Mieh Gifford, & Naughton, 2011). However,
athletes™ diets often fail to meet the current mcendations of sports nutrition and general
population (Burke, Cox, Culmmings, & Desbrow, 2000ne reason for the inadequate dietary
intake might be a poor nutrition knowledge (TorkdsGehee et al., 2012). However, it is not clear
whether a relationship between nutrition knowledgd diet quality exists. Some authors reported a
link between higher nutrition knowledge and bettietary intake in adult athletes (Harrison,
Hopkins, MacFarlane, & Worsley, 1991; Hamilton, Titeon, & Hopkins, 1994; Wiita, Stombaugh,
& Buch, 1995), whereas others did not (Chapman, &,offiuveson, & Jacob, 1997; Rash,
Malinauskas, Duffrin, Barber-Heidal, & Overton, B)0One reason for the lack of linkage might be
the poor assessment methods of both nutrition kedgd and dietary intake (Parmenter & Wardle,
1999). There is a need to develop valid instrumémtassess general and sport-specific nutrition
knowledge and to compare nutrition knowledge todtigetes” dietary intake (Heaney et al., 2011).
Nutrition education programs for athletes might éndkie potential to close the gap between diet
recommendations and individual food intake. Unfoatiely, an evaluation of nutrition education
programs is rarely reported for athletes (Aboo@cR) & Birnbaum, 2004). One issue might be that
the nutrition knowledge is affected by several dast such as gender, educational level, and age.
Female sex and a high educational level are pe§jtimfluencing nutrition knowledge (Jessri, Jessri
Rashidkhani, & Zinn, 2010; Heaney et al., 2011)diidnally, the nutrition knowledge is increasing
during maturation (Kersting et al., 2008). Howevathletic status does not influence general
nutrition knowledge, but slightly increases spgrégfic nutrition knowledge (Heaney et al., 2011).

For young athletes dietary intake and nutrition\lgalge is rarely reported. Furthermore, the impact

of nutrition knowledge on food choice is still urdan (Worsley, 2002). There is a need to assess the
food choice and the nutrition knowledge in youngletes, since they experience sports-related

nutritional demands additionally to the growth-teth requirements (Meyer et al.,, 2007).



Furthermore, it is well known that eating patteans established during childhood and adolescence
and are easily carried forward into adulthood (l€eldPerry, Klepp, & Lytle, 1994; Krebs-Smith,
Heimendinger, Patterson, Subar, & Kessler, 199Bgrdfore, corrections of dietary intake should be
performed at an early age (Mikkila, Rasanen, RaiiaRietinen, & Viikari, 2005). Many factors, like
personal characteristics, socio-cultural and pshpdical determinants are influencing the
establishment of eating patterns (Serra-Majem.e280D7). Especially children and adolescents are
easily persuaded to change their diet due to trexfdthe food industry (Meyer et al., 2007).
Furthermore, adolescents are using their eatingawieh to declare independence from home
(McKinley et al., 2005). This results in food habiike snacking, fast food consumption, meal
skipping or the intake of unorthodox meals.

For athletes it is important to achieve an adequi¢tary intake from the beginning of their

competitive career, since health and performaneeirffuenced by optimum nutritional supply

(Meyer et al, 2007; Heaney et al., 2011). Unfortalya there is a lack of knowledge about the food
choice and nutrition knowledge of young athletelsefEfore, the aim of the study is (1) to analyze
food choice and nutrition knowledge of young atdetluring preparticipation examination before
entering a German Elite School of Sports, (2) teegtigate the influence of gender and sport
discipline on food choice and nutrition knowledgad (3) to examine the relationship between
nutrition knowledge and food choice in young atinet

Methods
Subjects

A total of 559 young athletes (59% male) from 18edlent sports disciplines with a mean training
age of 3.9+2.6 years participated in this studye @hthropometrical data of the total sample sizk an
differentiated by gender are shown in Table 1. étdd were categorized into either technical sports
(horse riding, shooting, modern pentathlon; N=%0jdurance sports (swimming, cycling, triathlon,
rowing, canoeing; N=179), weight-dependent spost®$tling, weight-lifting, judo, boxing; N=90),
ball games (soccer, handball, volleyball, tennis1Bd), and power sports (gymnastics, track and
field; N=86). Data were collected from January 204l March 2011 during preparticipation
examination at the University Outpatient Clinic def athletes were sent to one of the Elite Schools
of Sports in Germany. Both athletes and their gargave written informed consent to participate in
the study. Each athlete was interviewed face-te-facan experienced examiner about their personal
data (sports discipline, training load, trainingzagtc.), followed by questions about habitual food
and supplement intake and finally, nutrition knodge was assessed. The study was approved by the
scientific board of the University Outpatient CirPotsdam, Germany.

Food choice

To evaluate food choice of young athletes, a medifiersion of the Healthy-Eating-Index (HEI) was
used (Kennedy, Ohls, Carlson & Fleming, 1995; Vaisten, lliner, Boeing, & Flothkétter, 2009).
On the basis of the Swiss Food Pyramid for athl@tettler, Mannhart, & Colombani, 2009), the
frequency of intake of five different food groupisuits, vegetables, grains, fish and meat, dairy
products) was assessed. The 6-5-4-3-2-1- ruleofmt frequency of different food groups (Koelsch &
Briiggemann, 2007) served as the base of HEI caignlal he authors recommended six portions of
water, five portions of fruits and vegetables, fportions of bread and grain products, three postio
of dairy products plus one portion of meat and ages, two portions of oil and fat, and one portion
of specialties (e.g. sweets) per day. For the ptesidy recommended intake frequency of three
portions vegetables, two portions fruits, four por$ of grains, three portions of dairy productd an
one portion of fish and meat per day were applige: higher the accordance of the individual food
intake with the recommended food frequency, théadrighe final HEI-score. For every food category
a maximum of ten points was possible to achievdy €m the categories fruit and vegetable intake it
was possible to obtain bonus points (max. ten bguaists for each group), in the case that the
individual food frequency surpassed the intake maoendations. For calculation of the HEI-score in
the categories of fruits and vegetables, equatiovag used (Von Rusten et al., 2009). Due to the



small caloric density of these products, exceedimigke can hardly influence a positive energy
balance. Equation 1 was also used for the categofigrain products, dairy products, fish and meat
if individual intake was less than recommendedndividual intake surpassed the recommendations,
equation 2 was used for HEI-score calculation. Maxn HEI-score (HEl,) was 50 points. When
the young athletes surpassed the maximum scoreddcanus points obtained in the categories fruits
and vegetables) the final HEI-score was set todiftg. For a better interpretation of the resutis,
score was categorized into three groups. A totalesof 80% of HE},.x was associated with a “good”
food choice, a score between 50 and 80% of HEVas associated with an “improvable” and a score
of less than 50% of HE}L, with a “poor” food choice.

Equation 1: Formula for the calculation of the HeglEating-Index-score for the categories fruits
and vegetables and for categories grain produatsy groducts and fish and meat, if the actual food
frequency was below the recommended food frequévioy Risten et al., 2009)

actual food frequency
score for category = x 10
recommended food frequency

Equation 2: Formula for the calculation of the HleglEating-Index-score for the categories grain
products, dairy products and fish and meat, ifatieal food frequency was above the recommended
food frequency (Von Risten et al., 2009)

recommended food frequency
score for category = actual food frequency x 10

Nutrition knowledge

The nutrition knowledge of the young athletes weasn@ined using a modified, shortened version of
the Nutrition Knowledge Questionnaire originallyveééoped for adults by Parmenter & Wardle
(1999). All subjects had to answer twelve questiabsut macro- and micronutrient content of
different food items and their recommended daibple. The questionnaire was structured into one
open guestion, six closed questions with two respawptions, and five closed questions with four
response options (at least one response optioncerasct). If the answer was completely correct,
subjects received a maximum of two points. Subjebtained one point if the answer was partially
correct. A maximum score of 24 points could be eebil when each item was answered completely
correct. For better interpretation, the total soeees classified into six categories using the Germa
school grading system (1 ="very good”, 6 ="insuiffiat” nutrition knowledge).

Statistical analysis

For the statistical analysis the software SPSS i@ .Windows (IBM Corp., Armonk, NY, USA)
was used. All data are presented as mean * stadeardtion (M £ SD), medianMdn), and 95%
Confidence Intervals (Cl) where appropriate. Datarevtested for normal distribution with the
Shapiro-Wilk test and were not normally distribufied all outcomes except for the height. Mann-
Whitney U tests were performed to test for gendéergnces in intake of different food groups,
HEIl-score, and nutrition knowledge score. To detspbrts-specific differences in the same
parameters Kruskal-Wallis one-way ANOVA by rankssvapplied. For the post-hoc tests pairwise
comparisons (Mann-Whitney U tests) with adjustedajues were applied. The relationship between
food choice (HEIl-score) and total nutrition knowgedscore was analyzed with the Pearson’s
correlation coefficient (). To test for differences in food choice of thaegmries of the nutrition
knowledge score, a Kruskal-Wallis one-way ANOVA tgnks was applied. Effect sizes (r) are
reported for all hypothesis-testing analyses. Renterror p<0.05 was considered significant.



Results
Food choice

Complete datasets of food frequency were availinlB42 (97.0%) subjects. Mean intake of all food
categories is shown in Table 2. The mean intakesgétables was 2.0 + 1.6 servings per day and not
significant different between gender (p=0.45, r3).Maily intake of vegetables was significantly
affected by sports discipliné{(4)=10.10, p=0.04. However, pairwise comparisonth w&idjusted p-
values showed that there were no significant difiees in vegetable intake between sports
disciplines (p>0.05). Recommended intake of threwisgs of vegetables per day was reached or
surpassed by 23.6% of the young athletes (TableM8)e than two third (71.4%) of the young
athletes had a daily intake of at least two sewvioigfruits. The mean intake was 2.4 + 1.4 servinfgs
fruits per day and was not significant between gen@=0.98, r=0.00). Daily intake of fruit was
significantly affected by sports discipling(4)=10.73, p=0.03. Endurance athletd&i(~=2.00) had
significant higher daily fruit intake than ball spathletes Mdn=2.00; p=0.02, r=0.17), whereas
between all other sport disciplines no significdifterences were detected (p>0.05). With an average
of 2.4 £ 1.5 servings of grain products per day,193 of the young athletes did not reach the
recommended amount of four servings grain prodpetsday. There were no statistically significant
differences in intake of grain products betweendgen(p=0.08, r=-0.08) or sports discipline,
H(4)=0.17, p=1.00. The mean daily intake of dairpducts was 2.6 + 1.7 servings. The males
(Mdn=2.00) had a higher intake of dairy products tHam female athletesMdn=2.00, p=0.02, r=-
0.10). Only 16.9% (N=94) of the young athletes thetrecommendations of three servings per day.
There was no significant difference in dairy intaketween categories of sports discipline,
H(4)=4.35, p=0.36. With a mean daily intake of mead fish of 0.7 £ 0.3 servings, only 6.6% of the
young athletes met the recommended intake of onéngeper day. There were no statistically
significant differences for meat and fish intaketvween gender (p=0.68, r=-0.02) and sports
discipline,H(4)=3.18, p=0.53.

The mean HEI-score was 35.3 + 9.8 points, whiclhesponds to 70 + 18% of HEl. There was no
difference for HEI-score between gender (p=0.520.63) or sports disciplind{(4)=5.51, p=0.24.
Most points were reached in the category of fr(dt.2 + 5.2 points), whereas in the category of
grain products the fewest points were reached £5222 points). Only 30% (N=164) of all young
athletes attained more than 80% of KHklwhich corresponds to a “good” food choice. Mdsthe
athletes (N=307; 57%) reached a score between®8@¥b of HE},,, which is interpreted as a food
choice that should be improved. The percentagé¢htdtas, who reached less than 50% of HEAnd
therefore were categorized as having a “poor” dias 13% (N=71).

Nutrition knowledge

Data of nutrition knowledge was available for 539(%) athletes. The mean nutrition knowledge
score of all athletes was 8.9 + 3.0 points, whi@s86.9 + 12.3% of the maximum score that could
have been achieved. There was no gender differaaither in total score nor in percentage of
maximum score (p=0.13, r=-0.06). The nutrition kiexlge score was significantly affected by sports
discipline,H(4)=10.85, p=0.03. Pairwise comparisons with adgigi-values showed that there were
no significant differences in nutrition knowledgeoee of power sport athletes compared to athletes
performing either technical sports (p=1.00, r=-0,0fall games (p=1.00, r=0.03), endurance sports
(p=0.58, r=0.12), or weight-dependent sports (pZ0.6-0.20). There were also no significant
differences in nutrition knowledge score betwednet¢s performing technical sports and ball sport
athletes (p=1.00, r=0.01), endurance athletes Qf:1=0.08), or weight-dependent athletes (p=0.43,
r=0.17). Furthermore, nutrition knowledge score diot differ between ball sport athletes and
athletes of technical sports (p=1.00, r=0.09) omgivedependent athletes (p=0.11, r=-0.16). Finally,
there was no significant difference between endigaathletes and athletes performing weigh-
dependent sports (p=1.00, r=-0.07). The highestithgial score was 16 of total 24 points, reached by
three male young athletes. Two female young athletached zero points. The classification into the
German grading system showed that no athlete re¢ei\grade of “very good” or “good” in nutrition



knowledge. The majority (59%) of the young athletexeived a “deficient” and 22% an
“insufficient” grading (Figure 1).

Relationship between food choice and nutrition Kedge

For the total sample size (N=542) no correlatiotween nutrition knowledge score and food choice
(HEl-score) was observed$0.03, 95% CI [-0.17, 0.39], p=0.45). In additiow, differences in food
choice among different categories of the nutritoowledge score were detectd(3)=2.24, p=0.52.
Neither in male (N=319,,#0.05, 95% CI [-0.22, 0.54], p=0.41) nor in femalletes (N=223,
r,=0.01, 95% CI [-0.39, 0.45], p=0.89) was a sigmifit correlation between nutrition knowledge
and HEI-score found. No correlation between natnitknowledge score and HEI-score was observed
among the different categories of sports discipl{pe0.05). Furthermore, for the total study
population no relationship between nutrition knadge and fruit or vegetable intake was found (data
not shown).

Discussion
Food choice

Two third of the young athletes of the present wtdid not reach the recommended five portions of
fruits and vegetables per day. Similar results webgained in the Dortmund Nutritional and
Anthropometric Longitudinally Designed (DONALD)-sty, where diet quality and nutrient intake of
500 German children aged 4-18 years was examinegl.ifake of fruits and vegetables was 50%
below the recommendation (Kersting, Alexy, Kroke L&ntze, 2004). Additionally, for 1,138 elite
adolescent German athletes (Diehl et al., 2013)jaimesults were found. Only 62% of the athletes
reported to eat fresh fruits at least once a dag. duthors further reported that daily consumptibn
products rich in vitamin and fiber was higher imfge than in male athletes, and in endurance than
weight-dependent athletes, respectively. In thegmestudy fruit and vegetable intake did not diffe
between male and female athletes. However, frut\agetable intake was significantly affected by
sports discipline. After the application of pairesisomparisons with adjusted p-values, no significan
differences for vegetable intake among sports plisgis were observed anymore. Hence, differences
in fruit intake between endurance and ball spohietés were detected, with the intake being
significantly higher in the endurance group. Howeweremains purely speculative why intake of
fruits was higher in endurance athletes.

The intake of grain products was insufficient irugig athletes of the present study. Only six percent
of the athletes reached the recommendations of doain products per day. The DONALD-study
revealed similar results. The mean intake of graimoducts was considerably below the
recommendations of the concept of an optimized thiket (Kersting et al., 2004). However, the low
intake of grain products in young athletes musséen critical, since grain products are nutritious
sources of carbohydrate and other key nutrientdchwlare important fuels to optimize athletic
performance and recovery (Meyer et al., 2007). Aeotelevant outcome of the present study was
the low intake of dairy products. Only 17% of theupg athletes reached the recommendation of
three servings of dairy products per day. The imtalas significantly higher in male compared to
female athletes, but still insufficient when comgzhto the recommendations. These findings support
the results of the DONALD-study, where only maleaahed the intake recommendations for dairy
products (Kersting et al., 2004). However, dairgdarcts contain high amounts of vital nutrientse lik
essential amino acids or calcium, which are impartar young athletes to achieve optimum growth
and bone accretion (Meyer et al. 2007). Therefitres important to ensure an adequate intake of
protein and calcium in young athletes. Another ieufpod group for young athlete’s diet are fish
and meat, since they contain huge amounts of eskéatt protein, iron, zinc, and calcium (Petrie,
Stover, & Horswill, 2004). Though, the intake adtfiand meat products was poor in young athletes.
Only 7% of the young athletes met the recommendsitid one serving fish and meat per day.

Many of the young athletes had low HEI-score, whiepresents a “poor” or “improvable” food
choice. The diets of only one third of athletes aveharacterized as “good”. Gender differences or



differences between sports disciplines did not ncd@ine main insufficiency detected in young
athletes™ diets was the low intake of grain andydaioducts. In summary, the results of food choice
of the present study resemble the results that wetained in non-active (Kersting et al., 2004) and
active (Diehl et al., 2013) children and adoless@mtGermany. However, gender-specific differences
in food choice as reported for non-active adoletscédowns, Dinallo, Savage, & Davison, 2007;
Kersting et al., 2004) were not observed in youidetes of the present study.

Nutrition knowledge

The nutrition knowledge of the young athletes wategorized as “deficient” or even “insufficient”.
None of the athletes reached a “very good” or “gogdading in the nutrition knowledge
guestionnaire. Several studies reported betteitioatknowledge in females than in males (Kersting
et al., 2008; Jessri et al., 2010). However, tles@nt study does not confirm these findings in goun
athletes. Furthermore, sport-specific differencesnutrition knowledge were not detected. In a
systematic review conducted by Heaney et al. (20ldj)ition knowledge in adolescent and adult
athletes was assessed. Most of the studies repmead nutrition knowledge scores of 50-70%. In
the present study the mean nutrition knowledgeeseas lower (~37%). One explanation might be
the fact that the used Nutrition Knowledge Questare was originally developed for adults
(Parmenter & Wardle, 1999). Although, for the preésstudy a modified, shortened version was used,
the questions might have been too difficult for yloeing athletes to be answered correctly .

Relationship between food choice and nutrition Kedge

While some authors reported a close relationshiprdsn higher nutrition knowledge and better diet
qualities in athletes (Harrison et al., 1991; Héonilet al., 1994; Wiita et al., 1995), other stadie

showed no or only a weak relationship (Chapman.gtilf97; Rash et al., 2008). Sole the fact that
there is a relationship between higher nutritionwledge and higher intake in fruits and vegetables
seems to be evident (De, Matthys, Verbeke, PynaerDe, 2009). In the present study no

relationship between nutrition knowledge and fobice was observed neither for the total study
population, nor for gender- or sports-specific soligs. Furthermore, there was no association
between nutrition knowledge and fruit or vegetainttake detected for the total study population.
There might be several reasons for a lack of caticel. In the literature cultural, religious, and

family beliefs are discussed to have a greater anpa food intake than nutrition knowledge

(Worsley, 2002; Heaney et al., 2011). Although thkationship between nutrition knowledge and

food choice in the youth is not clear, nutritionuedtion programs supposedly improve the food
intake of children and adolescents (Sichert-Helleetrsting, & Manz, 2001, Diehl et al., 2013).

Strength and limitations of the study

The strengths of the study are that nutrition kremlgle and food choice were assessed in parallel in
young athletes. So far there are only studies abvigilwhich assessed either nutrition knowledge or
dietary intake alone in young athletes or were cotetl with adult athletes. Furthermore, sample size
of the present study was high and therefore, it pesssible to distinguish between gender and sports
disciplines. Due to the high number of subjects decomes might reflect the actual situation of
young German athletes before entering an Elite &atfdSports in Germany accurately.

The present study has several limitations. First, use of a shortened and modified version of the
Nutritional Knowledge Questionnaire of Parmente&ardle (1999) in the present study population
is questionable. The questionnaire was originalyalioped for non-athletic adults. Questions might
have been too difficult for the young athletes nswer correctly. Furthermore, food choice was self-
reported by the young athletes. Therefore, a sd@sirability bias might have occurred. In addition
the socio-economic background of the young ath&snot assessed.



Conclusion

In the present study, young athletes displayed owgdsle food choice and poor nutrition knowledge.

No linkage between food choice and nutrition knalgle was obtained. In young athletes, the intake
of grain products, vegetables and dairy productaulshbe increased to meet carbohydrate and
micronutrient requirements and to ensure optimuimwtgr and performance. Future research is
needed to study the effect of the nutrition edweatprograms on nutrition knowledge in young

athletes, and to assess the linkage between fooidecland nutrition knowledge. In addition, the

intra-subject development of food choice and nofritknowledge in young athletes during aging

should be investigated.
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Table 1 — Anthropometric data of the young athletesMean + standard deviation; BMI=body mass index.

Sample (N) Age [y] Height [cm] Body Mass [kg] BMI kg/m?] Body Fat [%]

Males (330) 11.8+0.9 157 £ 10 455+ 10.7 18.3+2.6 18.2+45
Females (229) 11.6+0.7 160 + 8 47.7+9.2 18.6+2.4 22.1+3.7

Total (559) 11.7+0.8 158 + 10 46.4£10.2 18.4+25 19.8+4.6

Table 2 — Recommended intake and habitual intake different food groups. Mean + standard deviationjp-values describe the significance of the statisatdifference between male and
female young athletes; * signifies a significant €fierence between male and female athletes (p<0.05).

Sample (N) Veggtables Frgits Grain Rroducts Dairy Eroducts Meat qnd Fish
[Servings/d] [Servings/d] [Servings/d] [Servings/d] [Servings/d]
Males (319) 20+1.8 24+15 25+16 28+17 0.7+£0.3
Females (223) 20+13 24+13 23+14 2.46¢ 1 0.7+0.3
Total (542) 2016 24+14 24+15 26+1.7 0.7+0.3
Sl BT z : a 1
p-values 0.45 0.98 0.08 0.02 0.68

Table 3 — Percentage of young athletes who met afrpassed the recommended intake of the different fml categories

Sample (N) Vegetables [%0] Fruits [%] Grain Products[%] Dairy Products [%0] Meat and Fish [%]

Males (319) 235 70.8 6.9 16.9 6.6
Females (223) 23.8 72.2 4.5 17.9 4.9

Total (542) 23.6 71.4 5.9 17.3 5.9
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Figure 1 — Classification of the nutrition knowledg score of male (N=330) and female (N=329) youndhkites according to the German school grading syste
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