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Abstract 

Background  Nutrition knowledge and confidence can be key facilitators to good nutrition behaviours. This study 
aimed to evaluate the impact of a structured and personalisable recipe-based nutrition education resource, on sports 
nutrition knowledge and confidence among women football players. Fifty-two women football players across differ-
ent competitive levels (tiers two and four of the English league and academy players) completed a survey assessing 
training and nutrition habits, nutrition confidence, and sports nutrition knowledge. A sample of participants were ran-
domized into an intervention group (n = 10), receiving a resource with practical applications and personalisable meal 
adaptations, or a control group (n = 8) receiving theoretical guidance without recipes (both two weeks). Both groups 
then repeated the same survey at the end of the two-week period.

Results  In the initial survey fewer than half of the players (40%) regularly planned their meals ahead of time, 
but the majority planned what (71%) and when (73%) they ate in relation to training and competition most 
of the time. More than half had at least some responsibility for doing the grocery shopping (67%) and preparing 
and cooking meals (90%), highlighting an opportunity to intervene. Results demonstrated that while the interven-
tion significantly improved nutrition knowledge compared to control (p = 0.004), the overall score was still low (< 50% 
for both groups), and the change was within the typical error for the measure. Nutrition confidence was also low, 
with no significant differences between groups.

Conclusions  This short home-based intervention had a statistical but unlikely meaningful impact on nutrition 
knowledge, but not confidence. These findings are considered alongside the participants’ nutrition habits, and dis-
cussed in the context of self-determination theory to highlight the potential role of relatedness to improve compe-
tence and autonomy, and subsequently knowledge and confidence.
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Background
While visibility and professionalism of women’s football 
has been increasing, there remains a significant gap in 
sport and exercise science research of women [1]. Such 
under-representation is also evident in sports nutrition 
research [2], which is concerning as adequate nutrition 
is an essential component for optimising sport perfor-
mance and recovery, and overall health. Previous studies 
have identified that although women footballers identify 
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nutrition as a critical factor for both sport performance 
and health [3], there is a lack of base knowledge [4, 5] 
and frequent misconceptions about the correct recom-
mendations [3]. Across football the exponential rise in 
sports nutrition research has advanced knowledge and 
expertise but has also been identified as ‘creating confu-
sion’ on what is sound advice [6]. The greater awareness 
and media coverage of the differences in advice between 
men and women athletes [7] may further exacerbate the 
uncertainty on whether the promoted advice applies to 
women players [2]. A recent systematic review from Mar-
tinho et al. [8] outlines relevant research on nutrition for 
women footballers, but the authors note that much work 
has been descriptive, and more intervention studies are 
needed to facilitate the translation of knowledge into 
applied practice.

Not every athlete or/and team has professional sport 
and exercise nutrition support, which may leave ath-
letes reliant on informal sources with no factual back-
ing. Indeed, previous research has indicated that 
athletes engage with a variety of both formal and infor-
mal approaches to gaining nutritional advice, includ-
ing using peers, family, social media and independent 
research [9]. This may highlight that athletes are unaware 
of where and how to access accurate, evidence-based 
information. Furthermore, data demonstrates that even 
in circumstances whereby athletes are aware of the pub-
lished nutritional recommendations, confusion and mis-
conceptions are still prevalent regarding the theoretical 
underpinning and practical application of meeting such 
energy requirements [3, 10]. Therefore, athletes can be 
at risk of receiving and acting upon less well-informed 
information. That might be particularly concerning for 
women athletes as it was reported that they might expe-
rience higher sociocultural pressures, such as body image 
concerns [11]. Collectively, this reinforces the importance 
of nutrition education and the potential role of nutrition 
support in this population.

Structured nutrition education is often designed to 
enhance an athletes’ knowledge of nutrition with the 
view to improving dietary choices. Examples of such 
formal nutrition education with women footballers are 
limited. Petri et al. [12] implemented a sport nutritionist 
led nutrition programme throughout a season but there 
is only a limited description of what and how education 
topics were covered. Two studies implemented an inter-
vention to support making positive food choices and 
personalising guidelines [4, 13], and Robinson et al. [14] 
describe a case study in one international level player. 
Broader previous research has shown that nutrition 
education is typically delivered as face-to-face or online 
sessions [15], although some modes of delivery include 
resources such as information leaflets [16]. A systematic 

review by Tam et  al. [17] identified 32 studies evaluat-
ing the effectiveness of nutrition education interventions 
in athletes. Of the 36 experimental conditions assessed, 
77.8% (28/36) used face-to-face delivery methods, while 
only a minority explored alternative approaches such as 
online modules or written resources, for example, hand-
outs and leaflets. The total contact time for most inter-
ventions was < 5 h, and 85.7% (30/35) of the interventions 
reported significant improvements in nutrition knowl-
edge, with a mean increase of 16.1% [14]. Despite these 
promising results, the review highlighted a notable gap 
in experiential education strategies, such as supermar-
ket tours and cooking classes. These applied practical 
methods were used in very few studies, suggesting an 
over-reliance on traditional, classroom-style instruc-
tion. Expanding the use of applied learning formats may 
enhance the real-world impact of nutrition education by 
translating knowledge into actionable skills.

Whilst classroom-based interventions have shown 
promise for increasing nutritional knowledge, there can 
be barriers to translating this knowledge to practice. 
Typical barriers include athlete confidence in selecting 
and preparing appropriate meals, and the time commit-
ment required [3, 18]. Certainly, Heaney and co-authors 
[19] have identified such barriers when exploring dietary 
practices of elite athletes. Inadequate cooking skills were 
among the common barriers identified, which can sub-
sequently impact on the ability to translate knowledge 
to practice. Indeed, authors have observed that cooking 
workshops can improve cooking knowledge, skills and 
confidence in athletes [20].

Since education sessions to improve practical skills can 
often be burdensome on both time and facilities, home-
based resources might be an alternative and efficient 
strategy to deliver information, and such strategies may 
allow individuals to retain information whilst working at 
an individual pace [4]. Moreover, women’s football is typ-
ically under resourced compared to men’s football, mean-
ing this population may have less access to such hands-on 
nutrition support [21, 22], making interventions like 
those described by Abood et al. [4] and San Antosio et al. 
[13] not feasible for all. However, when combined with 
observations by Renard et al. [23] that women athletes on 
average have greater confidence related to cooking and 
food skills than men, cooking may be less of a barrier to 
the translation of nutrition advice, and the provision of 
recipes contextualised to timing relative to training and 
match timing may be advantageous. When considered 
alongside self-determination theory [24], the potentially 
higher food and cooking skills in women athletes may 
facilitate autonomy, meaning interventions can focus on 
developing application (competence) and being personal-
isable (relatedness).
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The aim of this study was to design a nutrition edu-
cation resource that used recipes and advice on how 
to personalise those recipes to translate current sport 
nutrition guidelines and examine the subsequent effect 
on nutrition knowledge and confidence. This was evalu-
ated by comparing the resource to information only 
with no recipes.

Methods
Participants
Fifty-two women footballer players volunteered to take 
part in the study, all of whom were currently compet-
ing for one of; Team A, a senior team in the second tier 
of the English football league (n = 23), Team B, under 
21 academy players from the same club (n = 11), Team 
C, a senior team in the fourth tier of the English foot-
ball league (n = 15), Team D, a University academy 
team (n = 3). All players were actively participating in 
training or competitive fixtures at least three times per 
week, for at least five hours per week. All participants 
provided informed consent, and the study received 
institutional ethical approval (54,329).

Design
All 52 players completed the survey once to assess the 
survey reliability and validity, and eight (Teams B and D) 
completed the survey a second time after 2-weeks follow-
ing no intervention to assess test–retest reproducibility.

Ten players from Team A and eight players from Team 
C then participated in the main part of the study, com-
pleting the survey a second time 2-weeks after either 
an experimental or control intervention (64% of players 
invited to take part). Teams A and C were randomised 
into the two groups via cluster randomisation, with team 
A becoming the intervention group, and team C the con-
trol group. Individual players were not randomised into 
the two groups to ensure players from the same team 
were in the same condition to reduce the risk of them 
sharing the resource with a teammate allocated to a dif-
ferent group.

Procedure
The survey consisted of two sections: (i) descrip-
tives of current training (how many times and hours 
per week they trained/competed in season) and nutri-
tion habits (see questions in Fig.  1), (ii) nutrition confi-
dence, and (iii) sports nutrition knowledge. Nutrition 

Fig. 1  Nutrition habits of players in the control group (top bar, n = 8), players in the experimental group (middle bar, n = 10), and all players who 
took part in the survey validation (n = 52). Data is shown as ‘never’ (black bar), rarely/less than half of the time (dark grey bar), most of the time/more 
than half of the time (light grey bar), and all of the time (white bar)
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confidence questions were prefixed with “Say how good 
you are at each task on a scale of 1–7, where 1 is very 
poor/never do it, and 7 is very good”, and then listed 13 
tasks selected from the tool developed and validated by 
Lavalle et al. [25] (see Table 1). Nutrition knowledge was 
assessed using the abridged nutrition for sport knowl-
edge questionnaire (A-NSKQ) developed and validated 
by Trakman et  al. [26, 27]. The questionnaire contained 
thirty-five multiple choice questions, and has been 
shown to have acceptable internal reliability (PerSepIn-
dex = 0.7) and the ability to discriminate between those 
who have and have not studied human nutrition, indicat-
ing suitable construct validity. Test re-test reliability was 
reported to be high (r = 0.9, p < 0.001), but typical error 
was not indicated so this was calculated for our popula-
tion. See ‘data analysis’ and the first section of the results 
for more details.

Players in the experimental intervention received an 
information resource consisting of guidance for (i) daily 
intake of macronutrients, (ii) pre training/competition 
nutrition, (iii) during training/competition nutrition 
including hydration, (iv) post training/competition nutri-
tion, (v) a template to help them personalise the sports 
nutrition guidelines for their own needs (e.g. body mass, 
training frequency and intensity), (vi) food hygiene, han-
dling and storage, and (vii) twenty recipes (five breakfast, 
five small meals, five large meals and five snack ideas). 
Each recipe contained additional information on how to 
change the relative carbohydrate and protein content to 
match their personal template, make it plant based, and 
adapt to their own taste. All general advice was based 
mainly on the recommendations from Thomas et al. [28].

Players in the control group received an adapted ver-
sion of the nutrition education resource. Information 

in sections i-iv was the same, with any links to example 
meal contexts removed, and they did not receive sections 
v-vii. The purpose of this was to isolate the effects of the 
practical guidance from the theoretical guidance. Both 
groups of players received their respective resource as a 
printed hand-out.

Data analysis
The reliability of the confidence part of the survey was 
assessed by calculating the Chronbach’s alpha value 
using a threshold of 0.8 for acceptable reliability. A factor 
analysis was conducted to reduce the questions into valid 
groupings, employing a varimax rotation and coefficient 
threshold of 0.5. Test–retest reproducibility was assessed 
for this measure and nutrition knowledge by calculat-
ing the typical error between the two attempts by those 
in teams B and D who completed the follow-up, with no 
intervention in between (n = 8).

A sample size estimation was conducted to identify a 
difference between the experimental and control inter-
vention groups. Assuming a difference of two points 
on the seven-point likert scale for the self-efficacy 
questions, and a standard deviation of 1.242 [25], eight 
in each group would provide a power of 80% (Minitab 
version 21.4).

The non-parametric Mann–Whitney U test was used 
assess the difference between groups as the data was 
not normally distributed, as checked by visual inspec-
tion of box plots. Therefore, the data is presented as 
median ± interquartile range. Comparisons were made 
between the pre-post change scores for each group, with 
significance where p < 0.05. All analyses were conducted 
using IBM SPSS (Statistical Package for the Social Sci-
ences) Statistics version 28.0.0.

Table 1  Component Coefficients For The Confidence Items

Factor 1: Meal planning 
and timing

Factor 2: Meal 
content and 
execution

Choose a meal to assist your preparation for or recovery from training/competition 0.916

Plan the time of your meals ahead? (e.g. to fit around training/competition) 0.876

Prepare and cook a meal to assist your preparation for or recovery from training/competition 0.802

Plan meals ahead (e.g. for the day/week ahead) 0.698

Drink the correct amount of fluid pre and post training/competition 0.681

Identify an appropriate portion size for your own training needs 0.678

Prepare or cook a meal with limited time 0.805

Follow recipes when cooking 0.702

Prepare or cook a meal with limited ingredients 0.638

Adapt a recipe for your own needs 0.630

Choose an ingredient high in protein 0.611

Choose an ingredient high in carbohydrate 0.573
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Results
Survey reliability and validity
The Chronbach’s alpha statistic was 0.905, above the 
threshold of 0.8. An initial factor analysis using all thir-
teen items resulted in several instances of cross-loading, 
but the removal of “make a plant-based meal” created 
two distinct factors (Table  1). Therefore, this item was 
excluded from the composite scores but still reported as 
an individual question. The test–retest reproducibility 
was 5.2, 3.5 and 4.4 points for the overall, factor 1 and 
factor 2 composite scores respectively. Average comple-
tion time was 15 ± 6 min.

Nutrition Habits
Fewer than half of the players (40%) regularly planned 
their meals ahead of time (Fig.  1A) but the majority 
planned what (71%) and when (73%) they ate in relation 
to training and competition most of the time (Fig. 1D&E). 
More than half had at least some responsibility for doing 
the grocery shopping (67%) and preparing and cooking 
meals (90%) (Fig. 1B&C).

Nutrition confidence and knowledge
The perceived confidence for each question, each factor, 
and overall is presented in Table 2, with no significant dif-
ferences between groups evident. Sports nutrition knowl-
edge increased from 12.00 ± 6.75 (21%) to 16.00 ± 5.50 
(39%) for the intervention group, with no change for the 
control group (16.00 ± 2.25 and 16.00 ± 6.25), indicating 
a statistically significant improvement in the interven-
tion group (P = 0.004). Test re-test reproducibility for the 
A-NSKQ was four points. Players in each group selected 
‘not sure’ on average eight times on both attempts.

Discussion
The results of the current study demonstrate that a nutri-
tion intervention giving a personalisable information 
recipe-based resource for two weeks had a statistically 
significant but unlikely meaningful impact on sports 
nutrition knowledge and had no impact on nutrition con-
fidence in women football players.

The findings of the present study showed that women 
players were conscious that they needed to adapt their 
eating behaviour around training and competition 
(Fig.  1), but sports nutrition knowledge (average score 
13/35, 38%) and confidence were low. These results align 
with previous research reporting that women athletes are 
aware that nutrition is a key aspect of sport performance 
and health [3], but they often lack in fundamental knowl-
edge [4, 5], which may be a contributory factor to miscon-
ceptions about appropriate nutrition recommendations 
observed by others [3]. Whilst the exponential growth 

in sports nutrition research in football has expanded 
knowledge and expertise, this could have caused confu-
sion about what constitutes sound advice [6]. Consider-
ing the awareness of sex-specific nutritional differences 
has increased [7], this ambiguity might be more pro-
nounced in women athletes regarding if the generalised 
recommendations are applicable for them [2]. Athletes 
or/and teams who are with limited resources, often rely 
on other support staff (i.e., coaches) or online sources for 
nutritional advice [29], but previous studies have found 
coach nutrition knowledge is often poor [10, 30, 31] and 
the quality of dietary information on the internet incon-
sistent [32]. The low confidence exhibited by  players in 
the current study  when planning or adapting meals for 
their performance would back these findings (Table  2). 
McHaffie et al. [3] found that ‘confusion’ was particularly 
acute around carbohydrate advice, particularly relat-
ing to body shape, and that there is evidence of ‘carbo-
hydrate fear’ in women footballers. Previous studies in 
women team sport athletes have shown lower than rec-
ommended carbohydrate intakes [3, 33] and a narrative 
review by Birkenhead and Slater [34] concluded that 
athlete food selection was influenced by concerns about 
body composition. Players in the current study may have 
been aware of the advice given for performance on both 
diet and body composition but also of media coverage on 
low carbohydrate diets, explaining this finding.

Face-to-face or online education is typically used to 
increase nutrition knowledge in athletes [15]. Over 80% 
of education interventions are shown to improve nutri-
tion knowledge in athletes [17, 35] but they do not always 
ensure a change in dietary practice [36] and delivering 
education resources alone is often insufficient to create 
behaviour change as greater self-efficacy is required [4]. 
This is especially the case in skill-based sports like foot-
ball where nutrition does not dictate performance, and 
the motivation to change may be low [37]. Developing 
programmes of support that target knowledge, attention 
and decision processes, behavioural regulation, and skill 
are shown to be more effective in athletes [38]. How-
ever, this can be difficult to achieve in the small amount 
of time some athletes have access to a nutritionist for. 
Therefore, the current study added a personalisable tem-
plate and adaptable recipe advice to aid translation from 
the information sheet to practice. The addition of this 
material resulted in a significant improvement in nutri-
tion knowledge compared to the control group who only 
received advice without the recipes (p = 0.004), but the 
knowledge was still low (Table 2). Furthermore, there was 
no clear pattern in which questions the players improved 
on, and ‘not sure’ was selected a similar number of times 
at each point by both groups, indicating that the dif-
ference may be type one error as opposed to improved 
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Table 2  Nutrition Self-Efficacy For Each Question, Each Factor And The Total Score For All Participants (N = 52), Control Group (N = 8), 
And The Experimental Group (N = 10)

Item (out of possible 7) Group Pre Post P

Plan meals ahead (e.g. for the day/week ahead) Control 3 ± 4.25 3.5 ± 3.25 0.07

Intervention 3 ± 1.5 4 ± 1.75

All 3 ± 2 -

Plan the time of your meals ahead? (e.g. to fit around training/ competi-
tion)

Control 3 ± 2 4 ± 1.25 0.97

Intervention 3 ± 2 4.5 ± 2.25

All 4 ± 2 -

Choose a meal to assist your preparation for or recovery from training/
competition

Control 3 ± 1.5 3.5 ± 2.25 0.20

Intervention 4 ± 2.5 4.5 ± 2.25

All 4 ± 3.25 -

Prepare and cook a meal to assist your preparation for or recovery 
from training/competition

Control 3 ± 2.25 2.5 ± 2.25 0.20

Intervention 3.5 ± 2.75 4.5 ± 2.25

All 4 ± 3 -

Identify an appropriate portion size for your own training needs Control 3 ± 3 2.5 ± 3 0.08

Intervention 2.5 ± 2 3 ± 2.5

All 3 ± 3 -

Drink the correct amount of fluid pre and post training/competition Control 4.5 ± 3.25 3.5 ± 3 0.52

Intervention 3.5 ± 2.75 4.5 ± 2.75

All 4 ± 2.25 -

Factor 1 total: Meal planning and timing (out of possible 42) Control 18 ± 12.5 17.5 ± 10.25 0.08

Intervention 18.5 ± 13.25 27.5 ± 12.5

All 22.5 ± 14.25 -

Follow recipes when cooking Control 5 ± 2.25 4.5 ± 1 0.32

Intervention 2 ± 1.5 3 ± 3

All 2.5 ± 3.25 -

Prepare or cook a meal with limited time Control 3.5 ± 2 4.5 ± 2 0.83

Intervention 3 ± 1.5 3 ± 2.25

All 3.5 ± 3 -

Prepare or cook a meal with limited ingredients Control 2.5 ± 1.25 2.5 ± 4 0.10

Intervention 2 ± 1.5 3.5 ± 2.5

All 3.5 ± 3 -

Adapt a recipe for your own needs Control 4 ± 2.25 3.5 ± 2 0.90

Intervention 3.5 ± 3.25 3 ± 2

All 3 ± 3 -

Choose an ingredient high in carbohydrate Control 4.5 ± 1 5 ± 2.25 0.76

Intervention 4.5 ± 2.5 5 ± 2

All 4 ± 3 -

Choose an ingredient high in protein Control 4 ± 2.25 4 ± 2 0.70

Intervention 4 ± 2.75 5 ± 2

All 5 ± 3 -

Factor 2 total: Meal content and execution (out of possible 42) Control 20.5 ± 9 23.5 ± 10 0.70

Intervention 18.5 ± 9.5 22 ± 8.75

All 21.5 ± 14 -

Total score (out of possible 84) Control 40 ± 19.5 40 ± 20.25 0.52

Intervention 41.5 ± 19.75 51 ± 21.75

All 46 ± 22.25 -

Make a plant-based meal*(excluded from the composite scores) Control 3.25 ± 4 3.5 ± 4 0.90

Intervention 1 ± 0.2 1 ± 1

All 1 ± 1 -
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knowledge. Topics that were consistently answered 
incorrectly by more than half of players related to pro-
tein intake, micronutrients, carbohydrate feeding during 
exercise, and hydration; information which can be used 
to inform future education content for this population.

Nutrition confidence was low at the start of the study 
(Table 2), potentially having a negative impact on per-
ceived competence, and therefore autonomy. The exper-
imental resource was designed to be relatable, allowing 
players to adapt guidelines for their own needs, with 
practical advice such as recipes and information for the 
handling and storage of food to help players develop 
their perceived competence, and become more confi-
dent in their own performance nutrition. Most players 
in this study had a responsibility for grocery shopping 
and cooking in their households (Fig.  1B&C), which 
highlights opportunity for autonomy, the final element 
of self-determination theory. Within self-determination 
theory, autonomy develops with familiarity with infor-
mation [39], and competence develops when individu-
als developing a sense of mastery and self-efficacy [24]. 
Despite this, the intervention did not result in any sta-
tistically significant improvements in either of the two 
factors emerging from the survey, or the overall com-
posite score (Table 2). It is possible that the two-weeks 
given between surveys in the current study might have 
not been enough time to influence autonomy and com-
petence. This is perhaps due to relatedness not being 
as high as intended, as engagement with the study was 
poor (of the 52 who started the study, only 26 finished 
and only 7/10 made one of the recipes). That some 
of the areas consistently answered incorrectly in the 
knowledge questionnaire were explicitly covered in the 
resource further indicates that engagement was low. 
The intervention was designed to stand alone and be 
available to clubs and teams with low nutritionist con-
tact time. Incorporating other factors with the written 
resource that influence the behaviour of athletes, and 
being aware of key barriers and enablers [37] would 
help to create lasting behaviour change. For example 
Solly et al. [40] found the most effective teaching tech-
niques chosen by National and International athletes in 
a self report survey of best practice were giving real life 
examples (47.6% of athletes), including hands-on activi-
ties (30.6%), and adding discussion (30.6%). Therefore, 
our results reinforce the importance of ongoing visibil-
ity of nutrition support for athletes as opposed to take 
home guidance that may not be engaged with. Future 
research could incorporate regular in person sup-
port to build relatedness, to allow investigation into 
whether a supplementary resource such as the one used 
in this study can develop competence and autonomy 
to improve motivation to engage with nutrition and 

develop confidence. It is also important to acknowledge 
that the guidelines were general as opposed to female 
specific, which may have impacted upon engagement.

The experimental resource did not include informa-
tion on supplementation or safe supplement use, rather a 
link to relevant guidelines and the Informed Sport testing 
database. This was done so as not to risk any supplemen-
tation advice being misinterpreted or initiating a mis-
understanding that they should be taking supplements. 
Answers to questions on supplement knowledge in the 
initial survey with 52 players was weak, with fewer than 
50% of correct answers on supplement label accuracy, 
possible contamination, evidence of benefit and WADA 
guidance. Supplement use by athletes has been shown to 
increase with the level of sport performance [41]. Recent 
studies have observed high prevalence of supplement use 
in female athletes [42, 43], and with the increasing pro-
fessionalism within the women game, greater education 
on safe supplement use should also be included as part 
of any future education resource and greater research is 
needed to investigate the efficacy of supplements, and 
supplement dosing strategies that have previously only 
been investigated in male athletes [6, 44].

Conclusions
In conclusion, the present study showed that a short-
term structured and personalisable recipe-based nutri-
tion resource resulted in negligible improvements 
in sports nutrition knowledge but not confidence in 
women football players.

We highlight the importance of ongoing nutrition 
support for players where feasible as opposed to a take-
home ‘do-it-yourself ’ resource. When paired with the 
low engagement from players in this study, we recom-
mend that researchers design interventions in partner-
ship with the players to increase motivation through 
relatedness and seek to evaluate the integration of these 
resources within other regular support.
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