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ABSTRACT
Background: The importance of nutrition in optimizing the health 
and performance of professional soccer players has been well 
established. Despite published practical recommendations for the 
dietary requirements for professional soccer players, many players 
fail to meet these guidelines. Thus, the primary purpose of this 
study was to assess the impact of targeted nutritional education 
and behavior change interventions on dietary intake in professional 
football players. Additionally, previous research within this popula
tion has reported elevations in resting metabolic rate (RMR) follow
ing match-play. Therefore, a further aim of this study was to 
examine whether any changes in dietary intake would influence 
RMR following match-play.
Methods: Twenty players from the professional development 
phase in an English Premier League club (age: 18.4 ± 1.0 years; 
body mass: 76.1 ± 6.0 kg; stature: 1.80 ± 0.07 m) were randomly 
assigned to an “Intervention” (INT) group (n = 10), who received 
numerous nutritional education and behavior change interven
tions, or a “Control” (CON) group (n = 10), who received no nutrition 
support. Dietary intake was assessed daily throughout the match- 
week (Match Day (MD)-2, MD-1, MD, MD + 1, and MD + 2), whilst 
RMR was assessed on MD-1, MD + 1, and MD + 2. Statistical analyses 
on the intervention effects on dietary intake and RMR were carried 
out using a two factor (group and day) analysis of variance (ANOVA) 
with a subsequent Bonferroni post-hoc test.
Results: Mean energy (3393 ± 852 vs. 2572 ± 577 kcal · day−1) and 
CHO (5.36 ± 1.9 vs. 3.47 ± 1.1 g · kg−1 BW · day−1) intake was sig
nificantly higher (p < 0.001) in the INT vs. CON group. Furthermore, 
the INT group implemented nutrition periodization practices as 
CHO intake was significantly increased on MD-1 (7.0 ± 1.7 g · kg−1 

BM · day−1), MD (7.1 ± 1.4 g · kg−1 BM · day−1) and MD + 1 (5.1 ± 0.8  
g · kg−1 BM · day−1). However, the CON group did not periodize their 
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CHO intake and failed to meet the CHO recommendations on MD-1, 
MD, and MD + 1 (<4 g · kg−1 BM · day−1). Compared to MD-1, the 
RMR increased on MD + 1 and MD + 2 in both groups, although it 
was only statistically significant for the INT group (MD + 1 =  +243 
kcal · day−1; MD + 2 =  +179 kcal · day−1).
Conclusions: The implementation of targeted nutritional educa
tion and behavior change interventions resulted in improved diet
ary practices in professional football players and enabled better 
adherence to recommended guidelines. However, despite this, 
RMR was still elevated in the 24–48 h following match play. Thus, 
in order to optimize recovery, this finding further reinforces the 
need for professional football players to adopt strategies to meet 
energy, and particularly CHO, requirements in the acute period 
following a match in order to account for this increase in energy 
requirement.

1. Introduction

The importance of nutrition in optimizing the health and performance of professional 
football players has been well established [1]. Sufficient energy intake (EI) is critical to 
support the demands of training and competition, growth and development [2], promote 
training adaptations, and optimize performance [3]. Inadequate nutritional intake can 
lead to impaired physiological function, increased risk of fatigue, illness and injury, and 
maladaptation to the training stimulus [4].

Despite the published practical recommendations for dietary requirements for profes
sional football players [1], many players fail to meet these guidelines [5,6]. Although 
professional football players are typically able to meet daily protein and fat intake 
recommendations [7], energy intakes have been reported to be inadequate to meet the 
demands of training and competition [8,9]. Additionally, daily carbohydrate (CHO) intakes 
are inadequate to optimize fueling and recovery [7], specifically, the day before, and 
the day following a match [5,6,9]. This is of concern given the role of CHO for optimal 
performance and recovery [1]. Additionally, as resting metabolic rate (RMR) has previously 
been reported to be significantly elevated in the day following a competitive match [6], 
not meeting nutrition recommendations following a match could be detrimental to 
recovery. Collectively, these findings highlight the need for the development of effective 
strategies that can better enable professional football players to meet their nutritional 
requirements.

In order to positively influence the dietary behavior of professional football players, 
a performance nutritionist is required to implement interventions. However, to ensure 
these are effective, dietary behaviors need to be fully understood first [10]. 
Understanding the key influencers of an athlete’s behavior enables us to identify 
which aspects require change to allow positive dietary behavior to arise. Various models 
for understanding behavior exist and are utilized to develop an understanding of the 
determinants of dietary behaviors. Michie et al. [11] developed a behavior change 
model, known as the Capability, Opportunity, Motivation – Behavior (COM-B) model. 
COM-B is a meta-theory that deviates our focus from individual blame to shared 
responsibility for behavior change, in comparison to preexisting behavior change 
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theories which tend to focus solely on the individual (ie the Social Cognitive Theory and 
Health Belief Model). The COM-B model is deemed the most appropriate for assessing 
key influencers of an athlete’s behavior as it is suggested that other models inade
quately explain variations in complex human behavior [12]. Unlike these other theories, 
the COM-B incorporates the impact of the social and physical environment, which have 
been highlighted as important influencers of athlete behavior due to the complex 
environments within which athletes typically operate [10,13]. It is suggested that 
capability, opportunity, and motivation interact to generate behavior change. 
“Capability” is defined as “the individuals” psychological and physical capacity to 
engage in an activity; “Opportunity” incorporates all the factors, besides the individual, 
which make the behavior possible or prompt it (eg social or physical factors); and 
“Motivation” is defined as “all the brain processes that direct behaviour” [11]. If more 
detail is required to interpret the behavior, the Theoretical Domains Framework (TDF) 
can be used to elaborate on the COM-B components which is composed of 14 domains 
combined from 128 theoretical constructs taken from 33 theories of behavior change 
[14]. Currently, limited research has investigated dietary behaviors in athletes, demon
strating many factors may influence a player’s food choices, such as cultural, religious, 
ethical, and food preferences [15–18]. To date, only one study has investigated the 
barriers and enablers to nutritional adherence within professional football players [19], 
which utilized the COM-B model. More specifically, Carter et al. [19] reported that 
nutritional knowledge, cooking skills, training venue food provision, nutritionist acces
sibility and approachability, living status, performance implications, and role modeling 
were seven key themes identified relating to the players’ barriers and enablers to 
nutritional adherence. These findings are similar to those reported in other sporting 
populations [15,16,20–24] which suggest that these common issues are shared across 
different sports.

Following an understanding of the factors influencing dietary behaviors, these 
outcomes can be subsequently linked to the Behavior Change Wheel (BCW) [11] to 
help design evidence-based behavior change strategies, which has previously been 
utilized within the field of sports nutrition to design successful nutritional inter
ventions [13]. The COM-B model forms the center of the BCW, around which are 
positioned nine “intervention functions” designed to address deficits in one or 
more of the COM-B constructs. Furthermore, seven “policy categories” are placed 
around the outside of the BCW which are designed to support the implementation 
of the interventions (Figure 1). To the authors' knowledge, there has been no 
previous research which has directly assessed the impact of evidence-based stra
tegies to change the dietary behavior of professional football players. Therefore, 
utilizing the findings of Carter et al. [19], the primary aim of this study was to 
design a series of behavior change strategies to determine whether these would 
positively influence the dietary practices of professional football players in an 
applied environment. A secondary aim of this study was to assess whether adher
ence to recommended dietary guidelines could ameliorate some of the previously 
reported elevations in resting metabolic rate (RMR) in the days following 
a competitive match [6]. The hypothesis of the study was that the implementation 
of the aforementioned behavior change strategies, underpinned by previous 
research, would positively influence dietary intake in professional soccer players. 
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Additionally, we hypothesize that based upon previous findings, RMR will continue 
to increase following a competitive match, although a novel aspect of this study is 
to establish if this is influenced by player adherence to nutritional 
recommendations.

2. Methods

2.1. Participants

A convenient sample of 20 professional football players (age: 18.4 ± 1.0 years; body mass: 
76.1 ± 6.0 kg; stature: 1.80 ± 0.07 m; defenders n = 10; midfielders n = 5; forwards n = 5) 
from the Professional Development Phase of a Category 1 English Premier League club 
were recruited for this study. This included 18 U23s players and 2 U18s players. Inclusion 
criteria included fully fit players (injured players were excluded) who were playing full 
match minutes (90 min played by all players). All participants gave their written informed 
consent to participate in the investigation following approval from the Faculty Academic 
Ethics Committee at Birmingham City University, UK (Approval Number: Carter/#11370/ 
sub1/R(B)/2022).

2.2. Anthropometric measures

Body mass (kg; SECA, model-875, Hamburg, Germany) and stature (m; SECA, model- 
217, Hamburg, Germany) were measured on the first day of assessment, according 
to The International Society for the Advancement of Kinanthropometry (ISAK) 
guidelines [25], in the morning with minimal clothing and items such as jewelry 
removed.

Figure 1. The behavior change wheel Michie et al., (2011).
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2.3. Research design

Data was collected in-season during a typical training and match week between February 
and May 2023 (see Table 1 for a typical training week schedule).

Timepoints throughout the study are described relatively to match day (MD) using ±  
symbols for days before (-) or after (+) MD. The RMR was measured on MD-1, MD + 1, and 
MD + 2 as we have previously reported increases in RMR in the days following a match 
when compared to the days prior to the match [6]. Dietary intake was measured on MD-2, 
MD-1, MD, MD + 1, and MD + 2. The 20 players were randomly assigned to an 
“Intervention” (INT) (n = 10; U23s = 9, U18s = 1) or “Control” (CON) (n = 10; U23s = 9, 
U18s = 1) group. The CON group did not receive any nutritional support from the Club’s 
nutritionist throughout this phase. The INT group received various educational, and 
behavior change strategies mapped to the BCW [11]. These included a range of interven
tion strategies such as: an educational workshop on fueling and recovery; a cooking 
workshop; prompts and infographics via WhatsApp; the nutritionist being present at 

Table 1. An overview of the pitch-based and match schedule for each squad.
Monday Tuesday Wednesday Thursday Friday Saturday Sunday

U23 Match Recovery Day off Training Training Training Training
(am) 11:00 – 12:00 10:45 – 12:30 10:45 – 

12:30
10:45 – 12:30 10:45 – 

12:30
(pm) 19:00 Kick 

Off
Gym 14:00- 

15:00
Gym 14:00- 

15:00
U18 Training Training Day off Training Training Match Day off
(am) 10:45 – 

12:30
10:45 – 12:30 10:45 – 12:30 10:45 – 

12:30
11:00 Kick Off

(pm) Gym 14:00- 
15:00

Gym 14:00- 
15:00

Table 2. A summary of the INT group educational and behavior change strategies mapped to the BCW 
Michie et al., (2011), (italics font in brackets demonstrate the intervention functions of the BCW to 
which the strategies implemented align).

Timepoint Intervention

1 week before data 
collection

● Individual cooking workshop (1 h) (Training)
● Educational workshop on nutritional periodization throughout the competitive week, 

focusing on match day fueling and recovery (Education)
MD-2 ● 1st Team player motivational video sent via WhatsApp (discussing nutritional habits 

around a match) (Modelng)
● Nutritionist present at mealtimes within training ground (Persuasion)

MD-1 ● Educational infographic sent via WhatsApp on nutritional preparation for the match 
(Education)

● WhatsApp prompts from Nutritionist at mealtimes to encourage high CHO intake 
(Persuasion)

● Nutritionist present at mealtimes within training ground (Persuasion)
MD ● Educational infographic sent via WhatsApp on match day nutrition (fueling and 

recovery) (Education)
● WhatsApp prompts from Nutritionist at mealtimes to encourage high CHO intake 

(Persuasion)
● Nutritionist present at mealtimes within training ground (Persuasion)

MD + 1 ● Recovery snacks bag provided in the morning (included four high CHO snacks & drinks) 
(Enablement)

● WhatsApp prompts from Nutritionist at mealtimes to encourage high CHO intake 
(Persuasion)

● Nutritionist present at mealtimes within training ground (Persuasion)

Key: MD = match day.
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mealtimes within the training ground; a motivational video from a senior player; and post- 
match recovery snack bag provision (see Table 2 for more detailed outline of these 
strategies and timeline of their implementation). These interventions were based on 
findings from the previous study, where we identified the key barriers and enablers of 
adherence to nutritional recommendations in professional football players [19] utilizing 
the COM-B model [11]. At the end of the intervention period, players in the INT group 
completed an online questionnaire evaluate the efficacy of the intervention in positively 
changing their dietary behaviors.

2.4. Assessment of energy and macronutrient intake

EI was assessed using the remote food photographic method (RFPM), known as “Snap- 
N-Send” which has been shown to be a valid and reliable dietary assessment tool in 
athletes [26] and utilized in the previous research [5]. Additionally, players in this study 
were well accustomed to this method given it is common practice within the professional 
football environment in which they are based. Dietary intake was recorded for 5 days (MD- 
2, MD-1, MD, MD + 1, and MD + 2) to enable assessment of how EI may vary across the 
competitive week. On the day before data collection, players were informed by the lead 
researcher (a Sport and Exercise Nutrition Register (SENr) Practitioner) how to accurately 
and comprehensively complete the Snap-n-Send tool, ensuring accurate recording of the 
time of food consumption, amount (weighed amount or household measures such as 
tablespoons, teaspoons, cups), and description of food (cooking & preparation methods, 
ingredients, and brands). Photographs were sent through an instant messaging applica
tion (WhatsApp, Dublin, Ireland). If the photo or food descriptions were unclear, the player 
would be contacted in real time to clarify details which helped improve the accuracy of 
food diaries. Where food was consumed within the training ground, the lead researcher 
assisted participants with dietary recording (descriptions, investigating cooking methods 
with chefs, etc.). If there was any food or drink left following consumption, participants 
were instructed to send a photo of what had not been consumed so that dietary intakes 
could be adjusted. A 24-hr recall was also undertaken with each participant each morning 
to cross-reference, check for missing data, confirm amounts, and seek further clarity if 
required, which was then added to the participants’ record.

Energy and macronutrient intake was obtained using a professional dietary analysis 
software (Nutritics Ltd, v5, Ireland). All the dietary information was inputted into the 
software by the lead researcher and checked by an additional member of the research 
team to ensure consistency. The inter-rater reliability is determined via an independent 
t-test. No significant differences were observed between researchers for energy (p = 0.826, 
95% CI − 500 to 602 kcal), CHO (p = 0.799, 95% CI − 17.4 to 22.2 g), or protein (p = 0.127, 
95% CI −27.8 to 3.9 g) intake. Meals were either consumed at: the club’s training ground 
(where a buffet breakfast, lunch, pre- and post-match meals, drinks, snacks, and supple
ments were provided); a hotel (where players may be on match day); on the coach during 
travel on match day or; the players’ home environment or restaurants if they chose to eat 
out. For the meals provided at the training ground, at the hotel or on the coach, menus 
were provided on a buffet-style basis. All meals were consumed ad libitum by players 
during the study.
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2.5. Resting metabolic rate

RMR was measured a total of three times for each participant. All measures were under
taken at the same time between 7.30 and 9.30 am and the players arrived at the training 
ground following an overnight fast, with their last meal at least 8 h prior to the measure
ment. Participants abstained from caffeine, alcohol and nicotine overnight, and avoided 
physical activity for 14 h prior to measurement (Fullmer et al., 2015). A private, quiet room 
was utilized to conduct the measurements with a temperature maintained at an ambient 
condition of 20–22°C (Fullmer et al., 2015). Players lay in a comfortable supine position 
and were reminded to stay awake throughout the assessment. Prior to the measurement, 
players rested for 20 min (Fullmer et al., 2015). Following this, the RMR was measured for 
20 min. The ventilated hood was located over the participant’s head, and expired gas was 
collected via the dilution canopy method (Vyntus CPX canopy, CareFusion, Hoechberg, 
Germany). A visual check every 5 min ensured no gas was escaping. The gas analyzer was 
calibrated daily using the manufacturer’s automated flow and digital volume transducer 
calibration (15.92% O2 and 5.03% CO2). Following the best practice guidelines, the first 
5 min of measurements were discarded [27]. Measurements were subsequently recorded 
for 15 min continuously at 10-s intervals, energy expenditure (kcal · day−1) was calculated 
using the Weir equation [28]. The coefficient of variance for our protocol was measured at 
1.47% for RMR, which was similar to our previous work using identical methods within this 
population (1.59%; [6]).

2.6. Statistical analysis

The statistical analysis was performed using SPSS Software Version 28.0 (SPSS Inc., 
Chicago, IL, USA). Statistical analyses on the intervention effects on dietary intake and 
RMR were carried out using a two factor (group and day) analysis of variance (ANOVA) 
with a subsequent Bonferroni post-hoc test. For all the analyses, a statistical significance 
was set at p < 0.05. All data are reported as Mean ± SD unless otherwise stated.

3. Results

3.1. Energy intake

Daily absolute EI is displayed in Figure 2.
The overall mean EI was significantly higher in the INT vs. CON group, irrespective of 

individual days (3393 ± 852 vs. 2572 ± 577 kcal · day−1, respectively, p < 0.001). The EI in 
the INT group was significantly higher than the CON group on MD-1 (4423 ± 738 vs. 2807  
± 642 kcal · day−1, respectively, p < 0.001) MD (3815 ± 310 vs. 2561 ± 464 kcal · day−1, 
respectively, p < 0.001); and MD + 1 (3277 ± 408 vs. 2553 ± 646 kcal · day−1, respectively, 
p = 0.008). There were no significant differences in the EI across any of the days within the 
CON group (p = 1.000), however the INT group significantly increased the EI on MD-1 
(+1870 kcal · day−1: p < 0.001) and MD (+1263 kcal · day−1: p < 0.001) in comparison to MD-2. 
Furthermore, the EI on MD + 1 (−1147 kcal · day−1: p = 0.008) and MD + 2 (−1528 kcal · day−1: 
p < 0.001) significantly reduced compared to MD-1 in the INT group.
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Figure 2. Daily energy intake (kcal · day−1) across the competitive match week (mean). 
White bars = intervention group. Grey bars = control group. O = individual players in the intervention 
group. ♦ = individual players in the control group. *significantly higher than control MD-1 and MD 
(p < 0.001) and MD + 1 (p = 0.008). #Significantly higher than intervention MD-2 (p < 0.001). 
†Significantly lower than intervention MD-1 (MD + 1: p = 0.008; MD + 2: p < 0.001). Key: MD = match day.

Figure 3. Daily relative carbohydrate intake (g · kg−1 BM · day−1) across the competitive match week 
(mean). White bars = intervention group. Grey bars = control group. O = individual players in the 
intervention group. ♦ = individual players in the control group. *significantly higher than control MD- 
1, MD and MD + 1 (p < 0.001). #Significantly higher than intervention MD-2 (p < 0.001). †Significantly 
lower than MD (p < 0.001). Key: MD = match day.

8 J. L. CARTER ET AL.



3.2. CHO intake

Daily relative CHO intake is displayed in Figure 3.
The overall mean CHO intake was significantly higher in the INT vs. CON group, 

irrespective of individual days (5.36 ± 1.9 vs. 3.47 ± 1.1 g · kg−1 BM · day−1, respectively, 
p < 0.001). The CHO intake in the INT group was significantly higher than the CON group 
on MD-1 (7.0 ± 1.7 vs. 4.0 ± 1.4 g · kg−1 BM · day−1, respectively, p < 0.001); MD (7.1 ± 1.4 vs. 
4.0 ± 1.1 g · kg−1 BM · day−1, respectively, p < 0.001); and MD + 1 (5.1 ± 0.8 vs. 
3.1 ± 0.9 g · kg−1 BM · day−1, respectively, p < 0.001). There were no significant differences 
in CHO intake across any of the days within the CON group (p > 0.05), however the INT 
group significantly increased CHO intake on MD-1 (+3.6 g · kg−1 BM · day−1: p < 0.001) MD 
(+3.6 g · kg−1 BM · day−1: p < 0.001) and MD + 1 (+1.7 g · kg−1 BM · day−1: p < 0.001) in 
comparison to MD-2. There were no significant differences between MD-2 and MD + 2 
CHO intake in the INT group (p = 1.000), although MD + 1 CHO intake was significantly 
lower than MD (- 2.0 g · kg−1 BM · day−1: p < 0.001).

3.3. Protein intake

Daily relative protein intake is displayed in Figure 4.
The overall mean protein intake was significantly higher in the INT vs. CON 

group, irrespective of individual days (2.5 ± 0.7 vs. 1.9 ± 0.6 g · kg−1 BM · day−1, 
respectively, p = 0.006). Protein intake in the INT group was significantly higher 
than the CON group on MD-1 (3.1 ± 0.9 vs. 2.1 ± 0.7 g · kg−1 BM · day−1, respec
tively, p = 0.012); MD (2.4 ± 0.4 vs. 1.8 ± 0.5 g · kg−1 BM · day−1, respectively, 
p = 0.005); and MD + 1 (2.4 ± 0.6 vs. 1.9 ± 0.5 g · kg−1 BM · day−1, respectively, 

Figure 4. Relative protein intake (g · kg−1 BM · day−1) across the competitive match week (mean). Key: 
MD = match day. White bars = intervention group. Grey bars = control group. O = individual players in 
the intervention group. ♦ = individual players in the control group. *significantly higher than control 
MD-1 (MD-1: p = 0.012; MD: p = 0.005; MD + 1: p = 0.042). #Significantly higher than intervention 
MD-2 (p = 0.036). Key: MD = match day.
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p = 0.042). There were no significant differences in protein intake across any of the 
days within the CON group (p = 1.000), however the INT group had a significantly 
higher protein intake on MD-1 vs. MD-2 (3.1 ± 0.9 g · kg−1 BM · day−1 vs. 2.2 ± 0.8  
g · kg−1 BM · day−1, respectively, p = 0.036).

3.4. Resting metabolic rate

Daily absolute RMR is displayed in Figure 5.
RMR following the match was significantly higher than the pre-match values in 

the INT group (MD + 1 = 2220 ± 372 kcal · day−1 vs. MD-1 = 1976 ± 280 kcal · day−1, 
+243 kcal · day−1, p = 0.015; MD + 2 = 2156 ± 217 kcal · day−1 vs. MD-1, +179 kcal 
· day−1, 
p = 0.018). Similarly, in the CON group, the RMR increased following the match, but 
did not achieve statistical significance (MD + 1 = 2118 ± 143 kcal · day−1 vs. MD-1 =  
1923 ± 242 kcal · day−1, +195 kcal · day−1, p = 0.057; MD + 2 = 2047 ± 78 kcal · day−1 

vs. MD-1, +124 kcal · day−1, p = 0.134). In comparison to MD + 1, RMR did not 
significantly decrease by MD + 2 in the INT (MD + 1 vs. MD + 2, −64 kcal · day−1, p  
= 1.000) or CON group (MD + 1 vs. MD + 2, −71 kcal · day−1, p = 0.903). There were no 
significant differences between the groups on any of the days (MD-1, MD + 1, and 
MD + 2: 
p > 0.005).

Figure 5. RMR (kcal · day−1) across the competitive match week (mean). White bars = intervention 
group. Grey bars = control group. O = individual players in the intervention group. ♦ = individual 
players in the control group. *significantly higher than intervention MD-1 (MD + 1: p = 0.015; MD + 2: 
p = 0.018). Key: MD = match day.
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3.5. Efficacy of intervention strategies

At the end of the intervention period, 60% of the players (n = 6) stated that their dietary 
behaviors had improved as a result of the intervention strategies, whilst 40% of the 
players (n = 4) felt that this had remained unchanged. Player ratings of the effectiveness 
of the different educational and behavior change strategies are shown in Table 3.

The WhatsApp prompts from sports nutritionists were the highest rated intervention, 
with 70% of players indicating that they strongly agreed that this had a positive impact on 
their dietary behaviors. Conversely, the motivational video from a first team player and 
the practical cooking workshop were reported to be least effective, with 70% of players 
reporting in each case that these had little impact on their dietary intake.

4. Discussion

The purpose of the current study was to design a series of behavior change 
strategies to determine whether these would positively influence the dietary prac
tices of professional football players, in addition to assessing whether adherence to 
dietary guidelines could ameliorate some of the previously reported elevations in 
RMR in the days following a competitive match. Interestingly, on average, players 
within the INT group consumed significantly more energy (+821 kcal · day−1) and 
carbohydrate (+1.9 g · kg−1 BM · day−1) than players in the CON group. Additionally, 
players in the CON group did not periodize their energy or CHO intake across any of 
the days, whilst players in the INT group demonstrated evidence of nutritional 
periodization throughout the week. In relation to MD-1 and MD specifically, the 
INT group consumed significantly more CHO 
(~7.0 g · kg−1 BM · day−1) in comparison to a training day (~3.5 g · kg−1 BM 
· day−1), which is in line with pre-match recommendations of 6–8 g · kg−1 BM 
· day−1 [1]. However, the CON group failed to meet these recommendations (~4.0  
g · kg−1 BM · day−1), which is in support of previous research highlighting inade
quate CHO intakes on MD-1 (~3.9 [6] and <5 g · kg−1 BM · day−1 [5], respectively) and 
MD (~3.6 [6] and 5.1 g · kg−1 BM · day−1 [5], respectively). The findings from our 
study suggest the interventions were effective in supporting players to increase CHO 
intake on these critical days to optimize fueling for the match. Additionally, our 
findings suggest that when players do not receive targeted behavior change 

Table 3. INT group player ratings of the effectiveness of educational and behavior change strategies in 
improving their dietary intake.

Intervention
Strongly 
disagree

Somewhat  
disagree

Neither agree nor 
disagree

Somewhat 
agree

Strongly 
agree

Educational workshop on fuelling and 
recovery

- - 2 5 3

Recording dietary intake via “Snap-N-Send” - - 3 6 1
WhatsApp prompts from the sports 

nutritionist
- - - 3 7

Nutritionist being present at mealtimes within 
the training ground

- - 3 6 1

Motivational video from first team player - - 7 3 -
Cooking workshop - - 7 3 -
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strategies, they consume considerably lower CHO intakes compared to recommenda
tions, which highlights the importance of targeted nutrition support. Although 
players in the INT group significantly increased their CHO intake on MD + 1 (~5.2  
g · kg−1 BM · day−1) compared to a training day, in addition to being significantly 
higher than the CON group (~3.1 g · kg−1 BM · day−1), these intakes were below the 
recommended CHO intake of 6–8 g · kg−1 BM · day−1 for MD + 1 [1]. Therefore, 
although players in the INT group appeared to implement adequate fueling prior 
to the match, there is evidently a lack of implementation of maintaining high CHO 
intakes in recovery from match play which has also been reported in the previous 
research in professional football [5,6]. On MD + 1, Anderson et al. [5] reported CHO 
intakes of <4 g · kg−1 BM · day−1 and Carter et al. [6] reported CHO intakes of ~3.6  
g · kg−1 BM · day−1. These sub-optimal CHO intakes may have negative implications 
for subsequent training sessions or matches, especially during periods of fixture 
congestion as CHO intakes are even more crucial during this period to support 
recovery [29].

The mean daily protein intake was significantly higher in the INT (2.5 g · kg−1 BM · day−1) 
compared to the CON (1.9 g · kg−1 BM · day−1) group, however both groups were within the 
daily protein intake requirements of 1.6–2.2 g · kg−1 BM · day−1 [1]. These reported daily 
protein intakes are similar to that of previous research within professional football players 
who reported protein intakes of ~1.7 g · kg−1 BM · day−1 [9] and ~2.5 g · kg−1 BM · day−1 [5]. 
Therefore, our findings suggest that players are capable of meeting protein intake guide
lines regardless of whether they receive nutritional support. This may suggest that nutrition 
practitioners working in professional football should focus their support on areas of greater 
concern, namely ensuring that players consume sufficient CHO and total energy.

As previously mentioned, limited research exists on the impact of nutritional interven
tions on dietary intake in athletes. Typically, existing research focuses on one specific 
intervention, for example Heikkilä et al. [30] assessed the impact of nutrition education on 
dietary intake in endurance athletes and found that nutrition education intervention 
alone was not enough to change dietary intake, specifically in relation to energy and 
CHO intake. Likewise, Garthe et al. [31] also found no improvement in dietary intakes or 
body composition in elite athletes following nutrition counseling alone. Collectively, 
these studies may suggest that a variety of nutritional interventions targeting various 
behaviors are required to result in dietary intake improvements, as typically, behaviors do 
not occur in isolation. It is important to recognize that athletes are individuals and will 
behave differently in response to intra-personal, inter-personal, and external factors [32]. 
The fact that our study incorporated a range of intervention strategies may explain why 
we observed positive changes in dietary intake across the group as there were clear 
differences in individual player perceptions of the most impactful intervention strategy 
(Table 3). Our findings are supported by the work of Costello et al. [13] who also utilized 
the COM-B and BCW in the design of various nutritional interventions in a case study of 
a professional rugby player and reported positive outcomes in dietary intake. Whilst that 
study did not seek to assess the efficacy of the different nutritional interventions, our data 
would suggest that prompts from the sport nutritionist (via a mobile instant messaging 
app - WhatsApp) is the most effective intervention strategy to improve the dietary 
behaviors in professional football players. However, given that our study is the first of 
its kind to evaluate the efficacy of such interventions within this population, we advise 
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caution before recommending that this is adopted as a widespread practice and suggest 
that future research should seek to validate these findings further.

In terms of RMR, our findings support that of previous research, also undertaken in 
professional football players, which has also shown that RMR is elevated the day 
following competitive match play [6]. Additionally, these findings are consistent with 
that of Hudson et al. [33] who reported similar increases in RMR in the 24–48-h post- 
match period in professional rugby players. Hudson et al. [33] proposed that the 
elevated RMR may be a consequence of raised energy requirement due to a high 
physical load inducing the degradation and resynthesis of damaged muscle fibers [34]. 
Carter et al. [6] also suggested that the high physical load on MD and increased 
muscle soreness following the match may have influenced the reported elevations in 
RMR. In the present study, whilst elevations in the RMR were observed in both groups, 
these were only statistically significant for the INT group (MD + 1: p = 0.015; MD + 2: 
p = 0.018). As this study was undertaken in an applied professional football environ
ment, where sample sizes are typically low as access to players is often limited, it is 
likely that the small sample size of 10 players may be a potential factor to explain why 
the control group did not quite achieve statistical significance (MD + 1: p = 0.057; MD  
+ 2: p = 0.081). Interestingly, the mean increases in RMR for the CON group on MD + 1 
(+195 kcal · day−1) and MD + 2 (+124 kcal · day−1) were similar to that of the INT group 
and thus further research may need to utilize larger sample sizes in order to achieve 
statistical significance. Nonetheless, from a practical perspective, our study is the first 
of its kind to show that even when players meet CHO intake recommendations in 
the day prior to and day of a match, RMR is still elevated in the 24–48 h following 
match play. Thus, in order to optimize recovery, this finding further reinforces the 
need for professional football players to adopt strategies to meet energy, and parti
cularly CHO, requirements in the acute period following a match in order to account 
for this increase in energy requirement.

4.1. Strengths and limitations

Whilst the findings of this study are limited to one professional Premier League 
football club, it is likely that training and match schedules are similar in other 
clubs of a comparable standard and thus it would be interesting to establish 
whether our observations are replicated across the professional football environ
ment. A key strength of this research was the fact it was undertaken by a real- 
world Premier League football club with professional players. Additionally, to date, 
no previous research has investigated the effect of behavior change strategies on 
dietary intake and assessed RMR simultaneously specifically within professional 
football. A limitation is the potential of participants under-reporting dietary intake 
on the RFPM and 24-h recall. However, as outlined in the methods, robust steps 
were undertaken to minimize this. Additionally, a further limitation is that the 
study sample included participants from two different age groups (U23s and 
U18s), who had minor differences in training and match schedules which may 
impact upon the findings. Thus, future research should seek to assess isolated 
age groups to enable comparisons of findings between these groups. Finally, whilst 
our study indicated that some strategies were likely more effective in inducing 
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positive dietary behaviors, it is important to acknowledge that this data was 
obtained from a limited number of players. Future research should seek to recruit 
larger sample sizes to allow the comparison of different behavior change strategies 
and the impact this has on dietary behavior, in addition to enabling comparisons 
between playing positions. Furthermore, similar studies are required for female 
players to explore whether these issues are evident within that population given 
that they are significantly underrepresented in the literature. Collectively, this 
would help to support nutrition practitioners in designing effective nutrition pro
grams for professional football players.

5. Conclusion

In conclusion, our data demonstrated that the implementation of nutrition strategies 
based on the COM-B and BCW models resulted in positive dietary behaviors, specifi
cally in increasing EI, and meeting CHO requirements in the day prior to, and day of, 
a match. We report that when players do not receive targeted behavior change 
strategies, they consume considerably lower CHO intakes compared to recommenda
tions. Additionally, our data shows that even when players meet CHO intake recom
mendations on the day prior to and the day of a match, RMR is still elevated. 
Therefore, nutrition practitioners should focus on implementing sound, evidence- 
based behavior change interventions to promote effective fueling and recovery nutri
tion practices in the day prior to the match, MD and within the 1–2 days following 
a match.
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