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Abstract

Background Nutrition knowledge is related to dietary behavior in athletes. Therefore, it may also have an impact on

and Study Aim ~ performance. Athletes with better nutrition knowledge have more healthy dietary habits. This meta-
analysis study focused on the impact of gender on the nutrition knowledge levels of physical education
and sports stakeholders.

Material and This study adopted a meta-analysis research design, which is used to analyze, synthesize, and interpret

Methods quantitative findings from an array of studies through advanced statistical techniques. A meta-analysis
involves combining the findings of studies carried out in different places and at different times on the
same topic and obtaining a quantitatively accurate result based on a large sample. This study employed
the Comprehensive Meta-Analysis (CMA, v. 2.0) to determine effect sizes and the variance of each study
and to compare groups. Cohen’s kappa intercoder reliability and outlier tests were performed using the
Statistical Package for Social Sciences (SPSS).

Results: We focused on 31 studies with a total sample size of 4575. We calculated the effect size of each study.
We found a statistically significant effect size in favor of female stakeholders (d = 0.15; 95% Cl -0.22 -0.09)
in the fixed effects model, which was a weak result according to Cohen’s classification. We determined a
statistically significant effect size in favor of female stakeholders (d =0.15; 95% CI-0.29-0.01) in the random-
effects model. These results suggest a slight difference in nutrition knowledge levels between male and
female physical education and sports stakeholders. This result can pave the way for further research.

Conclusions It is understood from the physical education and sports stakeholders that there is a weak difference in the
nutritional knowledge levels of women compared to men. It is thought that people who study on sports
nutrition and nutrition programs will benefit from the present finding. In addition, it is estimated that the
researches to be carried out on the relevant subject will take the current study as a reference.

Keywords: nutrition knowledge, gender, meta-analysis, sports nutrition

Introduction

All people consume food at the right amount and at the
right time to satisfy their needs for energy and nutrients
they need to stay healthy and have a high-quality life [1].
People take in nutrients for growth, survival, and good
health. Health depends on a balanced diet depending on
consuming enough nutrients for energy. Malnutrition
or undernutrition causes underdevelopment and poor
health [2]. Food is a basic need, and meeting that need
is essential to good health and paves the way for meeting
other basic needs [3].

Nutrition education programs are based on the premise
that superior nutrition knowledge can translate into better
dietary and lifestyle choices. A large-scale survey in the
United Kingdom shows a positive correlation between
nutrition knowledge and intake of less fat and more fruit
and vegetables [4]. Nutrition knowledge determines what
food athletes choose to consume [5]. Studies on athletes
focus on general concepts of health protection [6,7] and
sports-specific nutrition knowledge [8]. Other factors are
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related to psychological, social, economic parameters,
lifestyle, beliefs, or food choices. There is a growing body
of research on the nutrition knowledge of athletes [9—11].

Nutrition knowledge is related to dietary behavior
in athletes. Therefore, it may also have an impact on
performance. Athletes with better nutrition knowledge
have more healthy dietary habits [9,10]. Nutrition
education programs are designed to increase nutrition
knowledge because it is expected to help athletes develop
better dietary habits, become healthier, and improve their
performance. Athletes know about nutrition as much as
or more than the general population. Female athletes
with nutrition knowledge perform better and participate
more in physical sports than their male counterparts [12].
Some evidence suggests that educated or elite athletes and
female athletes have better nutrition knowledge than male
athletes. Athletes may have more nutrition knowledge
than non-athletes. These results are primarily derived
from descriptive studies and require validation based on
well-defined and designed studies and populations [9].

In their systematic review, Heaney et al. found that
women had more nutrition knowledge than men [9].
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Zawila et al. evaluated the sports nutrition knowledge and
attitudes of 60 female undergraduate cross-country runners
in two states. They reported that the runners scored greater
than 70% on iron, functional foods, and hydration [13].
Female student-athletes learn about sports nutrition from
university courses and nutritionists, whereas male student-
athletes learn about it from strength and conditioning
coordinators and athletic trainers. Besides, both male and
female athletes turn to magazines, family members, and
coaches as reliable sources of information [14].

Earlier studies have reported different results
concerning the effect of gender and ultra-resilience
disciplines on nutrition knowledge [11]. Jessri et al.
found that female athletes had significantly more
nutrition knowledge than male athletes [15]. On the other
hand, Arazi and Hosseini determined that male athletes
had significantly more nutrition knowledge than non-
collegiate female athletes [16]. Dunn et al. concluded
that female athletes scored slightly higher than their
male counterparts in the Nutrition and Knowledge
Questionnaire and each recommendation section [17].
However, Rash et al. and Rosenbloom, Jonnalagadda, and
Skinner did not find any difference in nutrition knowledge
levels between male and female athletes [8, 18]. Canbolat
and Cakiroglu reported that male trainers had higher
nutrition knowledge scores than female trainers [19].
Congar and Ozdemir did not find a significant difference
in nutrition knowledge levels between male and female
physical education teachers [20].

Research shows that athletes generally see their
trainers as a source of nutrition knowledge [21-23],
which shows how important an educational role trainers
and teachers play. This paper aimed to take into account
all the stakeholders of physical education and sports
(professional athletes, students-athletes, trainers, teachers,
etc.) and show the big picture in terms of nutrition
knowledge.

Most studies on education in Turkey and other
countries look into the effect of gender on nutrition
knowledge. Gender is also regarded as an important factor
that determines results or indicates a correlation. An event,
phenomenon, or situation is regarded as a “variable”
[24,25]. A meta-analysis study is needed to determine
the effectiveness of studies investigating the impact of
gender on the nutrition knowledge of physical education
and sports stakeholders. This meta-analysis will fill a gap
in the literature on the impact of gender on the nutrition
knowledge of athletes and will offer a new perspective to
nutritionists and teams working on athlete diet. We think
that our results can be used in nutrition training activities.
They will also guide sports nutrition trainers and help
them carry out their training activities more consciously.
This meta-analysis study focused on the impact of gender
on the nutrition knowledge levels of physical education
and sports stakeholders. In addition, within the scope
of the meta-analysis study, it was tested whether some
variables that are thought to affect the overall effect size
and which are frequently presented in the studies of the
authors in the literature, have a moderator effect.
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Material and Methods

Data collection.

The sample consisted of scientific articles, master’s
thesis, and Ph.D. dissertations. The databases ULAKBIM,
YOK, Google Akademik, EBSCOhost, and Web of
Science were screened to access them. The inclusion
criteria were as follows:

Criterion 1: Published or unpublished scientific
articles, master’s thesis, and Ph.D. dissertations.

Criterion 2: Appropriate research design: The included
studies should adopt a screening design and use gender as
an independent variable in order for us to calculate effect
sizes.

Criterion 3: To calculate the effect sizes, we focused
on fundamental statistical data (mean, standard deviation,
sample size) on the effect of gender on the nutrition
knowledge levels of physical education and sports
stakeholders.

Criterion 4: Publication year: Studies conducted
between 2000 and 2020.

Criterion 5: Language: Turkish or English.

We used a PRISMA flow diagram to collect data
(Figure 1) [26].

Study design:

This study adopted a meta-analysis research design,
which is used to analyze, synthesize, and interpret
quantitative findings from an array of studies through
advanced statistical techniques. A meta-analysis involves
combining the findings of studies carried out in different
places and at different times on the same topic and
obtaining a quantitatively accurate result based on a large
sample [27-31]. This study employed the Comprehensive
Meta-Analysis (CMA, v. 2.0) to determine effect sizes
and the variance of each study and to compare groups.
Cohen’s kappa intercoder reliability and outlier tests
were performed using the Statistical Package for Social
Sciences (SPSS).

Data analysis:

Statistical software packages were used to calculate
effect sizes and the variance of each study and to conduct
between-group comparisons. The standardized effect size
developed by Cohen was used to calculate the effect size
of each study [32]. Men consisted of the experimental
group, while women consisted of the control group.
Therefore, a positive effect size favored man, while a
negative one favored woman. The data were analyzed at a
significance level of 0.05 because all studies took 0.05 as
the significance level.

The second researcher coded the interview data of four
randomly selected participants to check the coding and
determine whether the coding agreement was adequate.
Intercoder reliability was calculated using the formula
[Reliability = (number of agreements) / (number of
agreements + number of disagreements) *100] suggested
by Miles and Huberman. The intercoder reliability
was 0.93. An intercoder agreement greater than 0.70
indicates adequate reliability [33]. Establishing coding
protocol reliability is critical for a meta-analysis [34,35].
Therefore, two experts (faculty members with a Ph.D.
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Figure 1. PRISMA flow diagram

in physical education who teach in related programs of
sports sciences faculties) filled out the codings separately.
Afterward, they came together and discussed the parts on
which they disagreed until they reached a consensus. The
intercoder agreement was 80.2%. Some researchers [34]
argue that Cohen’s Kappa statistic is more reliable given
the chance factor due to the lack of options in agreement
levels based on intercoder frequency data. The intercoder
reliability index was 0.78, indicating almost perfect
agreement [36-38].

Hunter and Schmidt argue that a researcher should
pay attention to studies with very different effect sizes
when determining outliers because he/she cannot fix a
bad dataset without excluding those studies [39]. Hedges
and Olkin state that removing an outlier from a dataset is
the right decision provided that the overall average is not
affected and that the model fit improves. They propose
various methods for detecting outliers. According to
their methods, studies deviating relatively excessively
in forest plot axes are outliers [40]. We used forest plot,
standard residuals, z-score (4.80), and heterogeneity
(Q=1083.73,10; p<0.57) to identify outliers. All in all,
we did not detect any outliers. Therefore, the sample
consisted of 31 studies.

Results

We analyzed the data derived from the studies to seek
answers to the research question. This section addressed
the publication bias, fixed-effects model, homogeneity,
random-effects model, and moderator analysis findings.

Most individual effect sizes were grouped
symmetrically in the funnel (Figure 2). Moreover, the
individual effect sizes were grouped around the middle

Excluded ds (n=6572
xcluded records (n )

Full text articles not included in the
study, by reasons (n = 80)

v

Experimental (n = 19)

Review (n=1)

Language difference (n = 1)

Inappropriate and incomplete data (n = 51)
Inaccessible (n = 8)

line showing the overall effect size. Figure 2 shows no
publication bias. However, we also had to analyze the
publication bias statistics because not all individual effect
sizes were grouped symmetrically in the funnel. Table 1
shows the statistics as a way to address publication bias.

Rosenthal’s Safe N Test shows that the meta-analysis
result was statistically significant (p = .000) (Table 1). We
needed 136 more studies with a zero-effect size in order
for the meta-analysis result to be non-significant (p>
.05). The sample consisted of studies we accessed after a
rigorous search (qualitative, quantitative, and theoretical)
in all accessible library catalogs and digital databases.
Kendall’s Tau coefficient (Begg and Mazumdar Rank
Correlations) was statistically insignificant (-.00 ve p =
.05), indicating the absence of publication bias. Egger’s
Linear Regression (p = .92> .05) also showed no
publication bias (95% confidence interval).

Combined findings according to fixed and random
effects model (tabl.2).

According to the fixed effects model, women had
slightly more nutrition knowledge than men. However,
according to Cohen’s classification, gender had a weak
effect because the effect size was less than 0.20 [41]
(fig.3).

The homogeneity test result was Q=125,390
(Q-statistics). Thirty degrees of freedom were 43.773
(X2 Table 2). The null hypothesis of homogeneity of the
distribution of effect sizes was rejected in the fixed effects
model because the Q-statistic value exceeded the critical
value of the chi-square distribution. In other words, the
distribution of effect sizes had heterogeneity according to
the fixed-effects model. The I? value, which complements
the Q statistic, yields more accurate results regarding
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Figure 2. A funnel plot of effect sizes of studies on the impact of gender on nutrition knowledge levels of physical
education and sports stakeholders

Table 1. Tests results for publication bias of studies subjected to meta-analysis

Tests Test data
Z-value for observed studies -4.53
P-value for observed studies .00
Alpha .05
Rosenthal’s Safe N Test Tails 2
Z for alpha 1.95
Number of observed studies 31
Safe N (FSN) 136
Tau -.00
. Z-value for Tau .05
Begg and Mazumdar Rank Correlations .
P-value (one-tailed) A7
P-value (two-tailed) .95
Standard Error 1.12
95% lower limit (one-tailed) -2.41
95% upper limit (two-tailed) 2.19
Egger’s Linear Regression t-value .09
sd 29
P-value (one-tailed) 46
P-value (two-tailed) .92

Table 2. Combined findings according to fixed and random effects model and homogeneity test

Model Effect size and 95% confidence interval Null hypothesis Heterogeneity
(%] ()

L 9 N T ] o

(OB ] (V) © O (]

Re) - o [ — — 2 —_

ez § Es5 & 2= &= £ g g

Zs & #§5 & S8E&E 3E & a S 5 o
Fixed 31 -0.156 0.03 0.00 -0.22 -0.09 -4.73 0.00 125.39 30 76.07
Random 31 -0.152 0.07 0.00 -0.29 -0.01 -2.15 0.03
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Meta Analysis

Study name Statistics for each study Std diff in means and 95% ClI
Std diff Standard Lower Upper
i Variance .. Z-Value p-Value
In means error imit limit
Dunnigan, 2010 -0,46 0,21 004 -08 -005 -219 0,03 -
Holley, 2018 0,45 0,17 0,03 0,12 0,77 268 0,01 -+
Kimmel, 2019 0,41 0,18 0,03 -0,76 -0,06 -2,27 0,02 -
Mitchell, 2004 0,13 0,17 0,03 -0,47 021 -0,76 0,45
Overstreet, 2012 0,00 0,15 0,02 -0,29 0,29 0,00 1,00
Shields, 2009 -0,93 0,25 0,06 -1,42 -0,43 -3,67 0,00 -
Andrews et al., 2016 0,04 0,19 003 -0,32 041 0,23 0,82
Blennerhassett et al., 2018 -0,35 0,23 0,05 -0,79 0,10 -1,53 0,13 -
Holden etal., 2018 0,45 0,31 009 -0,15 1,05 1,45 0,15 | .
Jessri et al., 2010 -0,65 0,14 0,02 -093 -037 -456 0,00 -
Sobana, 2016 0,57 0,20 004 0,17 09 2,82 0,00 -
Bakhtiar et al.,2021 0,52 0,20 0,04 0,12 092 2,53 0,01 -
Citarella et al., 2019 2,12 0,80 0,64 -3,68 -0,55 -2,64 0,01 —_—
Demirci and Toptab Demirci, 2018 -0,08 0,23 0,05 -0,52 0,36 -0,36 0,72
Havarmale, 2017 -0,02 0,20 0,04 -041 037 -009 093 -_t
Heikkila et a., 2017 (a) 0,31 0,11 001 -0,53 -0,09 -273 0,01 y
Heikkila etal., 2017(b) -0,62 0,24 0,06 -1,08 -0,15 -2,59 0,01 -
Kaya et al., 2016 0,12 0,13 0,02 -038 0,14 -091 0,36
Ozdoosan ve Ozgelik, 2011 0,13 0,11 0,01 -0,09 034 1,13 0,26
Saribay and Kirbas, 2019 -0,09 0,11 001 -031 0,13 -0,84 0,40
Spronk et al., 2015 0,41 0,21 0,04 -0,82 -0,00 -1,98 0,05 -
Akyl, 2007 -0,54 0,15 0,02 -0,84 -024 -357 0,00 -+
Cimen, 2012 (a) 0,12 0,33 011 -0,77 053 -037 0,71
Gimen, 2012 (b) -0,26 0,22 0,05 -0,70 0,17 -1,17 0,24
Duman, 2011 -0,26 0,29 009 -08 031 -09 037
Pahin, 2020 -0,93 0,18 0,03 -1,27 -0,58 -524 0,00 -
Akyl ve Giirbiiz, 2010 -0,01 0,20 0,04 -0,40 0,38 -0,04 097
Gumiibdaé ve Kartal, 2017 0,52 0,33 0,11 -0,13 1,17 1,57 0,12
Kabakga ve diderleri, 2012 0,22 0,26 0,07 -0,72 028 -0,85 0,40
Dursun, 2020 -0,04 0,18 0,03 -0,40 032 -022 0,83
Canpolat ve Cakyrodlu, 2016 0,72 0,40 0,16 -0,06 1,50 1,82 0,07
-0,15 0,07 0,00 -0,29 -0,01 -2,16 0,03
-4,00 -200 000 2,00 4,00
Favours A Favours B
Figure 3. Forest plot
Table 3. Categorical moderator results on the effect of gender on nutrition knowledge
Moderator k d SE %95 CI Q p
Research type 31" 0.19 0.66*
Scientific article 25 -0.16 0.03 -0.23;-0.08
Master’s thesis 6 -0.14 0.07 -0.28; 0.00
Research site 31" 0.05 0.81*
In Turkey 10 -0.17 0.14 -0.45; 0.09
Outside of Turkey 21 -0.13 0.08 -0.29; 0.02
Stakeholder type 277 1.39 0.70*
High school students 3 -0.11 0.07 -0.26; 0.04
Undergraduates 11 -0.09 0.14 -0.37; 0.17
Professional athletes 10 -0.05 0.13 -0.54; -0.01
Trainers 3 -0.134 0.37 -0.79; 0.68

* p <0.05 significance level

** Two or fewer subgroups were not included in the moderator analysis.

heterogeneity [30, 42]. I shows the ratio of residual
variance to the total variance concerning effect size.
Unlike the Q statistic, the I? statistic is not affected by
the number of studies. In the I? interpretation, 25% shows
low heterogeneity, 50% moderate heterogeneity, and 75%
high heterogeneity [43]. The model was converted to a

random model as the homogeneity tests (Q and 1?) for the
gender variable showed high heterogeneity among the
studies. Moderator analysis (Mixed effect analysis) was
performed to identify the reasons for the heterogeneity
(Table 3).

Borenstein et al. recommend moderator analysis to
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identify the reasons for heterogeneity among studies.
Therefore, we analyzed some moderators to explore the
causes of the heterogeneity [44].

The analysis showed that research site, research type,
and stakeholder type did not play a moderating role in the
average effect size (p>0.05). A meta-regression analysis
was conducted to determine whether publication year was
a moderator. The results showed that more recent studies
had smaller effect sizes in favor of men. However, the
difference was statistically insignificant (coefficient=
[.02]; p=.22). Another meta-regression analysis was
performed to identify whether the sample size was a
moderator. The results showed that sample size had no
moderating effect on the effect sizes (coefficient=.00;
p=.96).

Discussion

The study revealed that gender had a weak effect on
the nutritional information of physical education and
sports stakeholders, and women had a slightly higher level
of knowledge than men. It also reveals that the research
region, publication type and stakeholder types do not have
a moderator effect.

We need to determine how much people know about
nutrition to help them develop healthy dietary habits [45].
Akil and Giirbiiz found that male and female athletes
had similar nutrition knowledge levels [46]. Siiel, Sahin,
Karakaya, and Savucu did not find a relationship between
gender and nutrition knowledge among elite basketball
players [47]. Earlier studies have reported similar results
[11, 18, 20, 48].

Canbolat and Cakiroglu reported that male trainers had
higher nutrition knowledge scores than female trainers
[19]. There are other studies with similar results [49-53].
Kiziltan focused on mineral consumption and determined
that male students had more nutrition knowledge than their
female counterparts [54]. Arazi and Hosseini observed
that undergraduate male athletes had significantly more
nutrition knowledge than non-collegiate female athletes
[16].

Sahin and Tagkiran asked sailors to evaluate their
nutrition knowledge. The results showed that female
sailors had significantly more nutrition knowledge than
their male counterparts. The results also showed that
female sailors had significantly higher basic nutrition,
nutrient-health knowledge, and food preference scores
than males [55]. Citarella found that female ultramarathon

runners had more nutrition knowledge than their male
counterparts [56]. Heikkild, Valve, Lehtovirta, and
Fogelholm also reported that female endurance athletes
and their trainers had more nutrition knowledge than their
male counterparts [57].

Research shows that women have more nutrition
knowledgethanmen[15,58-61]. Kunkel etal. investigated
the effect of female peer educators on the nutrition
knowledge of female collegiate athletes and found that
peer nutrition education helped female collegiate athletes
improve their nutrition knowledge [62]. According to
some studies, women have more nutrition knowledge
than men because they are more interested in subjects of
nutrition and health [7, 10, 61].

Conclusions

In this meta-analysis study, necessary searches were
made by using online databases such as ULAKBIM,
YOK, Google Scholar, EBSCOhost, and Web of Science,
and a synthesis was carried out by performing statistical
operations with a total of 31 study data on the subject. In
this study, which investigated the effect of gender on the
nutritional information of physical education and sports
stakeholders, it was concluded that women had higher
knowledge at a weak level. Within the scope of the meta-
analysis study, it was revealed that some independent
variables that were thought to affect the overall effect
size did not have a moderator effect. This study
provides different perspectives to sports stakeholders,
nutritionists and researchers who conduct research with
new dimensions in order to maintain a healthy life. The
following are recommendations based on our results:

*Educators and students should be provided with
seminars, courses, and education programs addressing
the results regarding the effect of gender on the nutrition
knowledge of physical education and sports stakeholders.

*Future studies should investigate the effect of
different moderators (parent education, income, athletic
performance, etc.) on male and female stakeholders’
nutrition knowledge levels.

*A further meta-analysis on the effect of gender on
the dietary habits of stakeholders can contribute to the
literature.
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