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Performance Nutrition

Fuelling gold medals: developing 
a ‘periodised nutrition system’ for elite athletes 
and applying it in practice
Ollie Turner1,2,3*, Richard Chessor3 and Nigel Mitchell2,4,5 

Abstract 

The concept of periodised nutrition is well-established within performance nutrition support to appropriately fuel 
elite athletes while maximising the adaptative response from training. Despite this, there may still be little planning 
and integration of training prescription and nutrition between the performance nutritionist and multi-disciplinary 
team. Consequently, the aim of this case study was to (1) propose a ‘Periodised Nutrition System’ which can be utilised 
by performance nutrition practitioners when working with athletes, through amalgamating previously published 
literature, tools, and approaches in the literature; (2) discuss how this can be administered in practice, collaborating 
with the coach, multidisciplinary team and athlete; (3) present a case study of the proposed ‘Periodised Nutrition 
System’ and its utilisation with a world class swimmer leading into the 2024 Paris Summer Olympic Games. The ‘Perio-
dised Nutrition System’ presents different ‘performance plates’, quantities of different foods to fit into the ‘performance 
plates’ to aid recipe development, and how they may practically fit into an athlete’s training periodisation along-
side theoretical rationale. The case study demonstrates a ‘real world’ scenario of its utilisation with an elite swimmer, 
transitioning through three separate performance goals while reducing body mass by 1.9 kg, sum of eight skinfolds 
by 20.1 mm, predicted fat mass by 2.6 kg and an increase in predicted lean mass by 0.6 kg over a six-week mesocycle. 
The study highlights that the ‘Periodised Nutrition System’ enables the practitioner to develop a structure to their 
support, aligning nutritional strategies with the training periodisation of the athlete, allowing for an individualised 
approach, specific to the athlete’s performance goal(s) and the desired adaptation of a training session.

Keywords Performance nutrition, Sports nutrition, Periodised nutrition, Swimming, Olympics

Introduction
The concept of training periodisation has been well 
established since the seminal work of Dr. Hans Selye in 
the early 1950s [1]. This has paved the way for a mixture 

of different training periodisation approaches such as 
classical, block, pyramidal, polarised, and threshold mod-
els [2–4], with these approaches being utilised in a variety 
of sports such as swimming [5], and track and field [6]. 
The main aim of training periodisation, regardless of the 
approach, is to cyclically order specific training exercises 
and sessions, while navigating an athlete through a short 
(microcycle; days and within days), medium (mesocycle; 
weeks) and long (macrocycle; months to year(s)) term 
planning process, with the aim of applying the principles 
of progressively overloading and recovering an athlete, 
specific to their event, with the intention of achieving 
peak performance in a sporting event [2, 3].
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Nutrition sits in tandem with an athlete’s training 
programme, ensuring that an athlete has the appropri-
ate amount of macro-and micro-nutrients to optimise 
their health, physical performance, training adaptations, 
and body composition [7], while the supplementation of 
some ergogenic aids may further augment training and 
competition performance [8]. The concept of ‘periodised 
nutrition’ has been developed as a greater understand-
ing of the role(s) nutrition can play in an athletes training 
and performance [9, 10]. ‘Periodised nutrition’ has been 
defined as “the planned, purposeful, and strategic use of 
specific nutritional interventions to enhance the adapta-
tions targeted by individual exercise sessions or periodic 
training plans, or to obtain other effects that will enhance 
performance longer term” [10]. A ‘Framework for Perio-
disation of Nutrition’ has since been developed [11], 
presenting how to implement nutritional strategies on 
a macro-, meso- and microcycle level. It also highlights 
how a variety of nutrients such as carbohydrate, protein, 
iron, and creatine can be periodised on a macro-, meso- 
and microcycle level [11].

Performance nutritionists work with athletes to ensure 
that their diets contain optimal amounts of macro- and 
micronutrients. Protein intake generally remains consist-
ent across a macrocycle at a suggested intake of 1.3–1.8 
g⋅kg⋅bm−1 per day [12], although this may need to be 
increased to ~1.6–2.4 g⋅kg⋅bm−1 if the athlete’s goal is 
to reduce fat mass, while maintaining lean mass [13]. Fat 
intake is suggested to be constant at ~30% of total energy 
intake per day [14]. Consequently, the alteration of daily 
energy intake is suggested to come from a manipulation 
in carbohydrate [15]. Contemporary guidelines suggest 
carbohydrate intakes between 3–12 g⋅kg⋅bm−1 per day 
depending on the daily fuelling and recovery needs of the 
individual [15]. It has been hypothesised that by manipu-
lating carbohydrate intake, and as a result, muscle glyco-
gen content on a session-by-session basis may augment 
aerobic adaptations [16]. While high glycogen availabil-
ity is crucial during high intensity training sessions (e.g. 
zone 3; > 4 mmol⋅L−1) [17], commencing some low inten-
sity sessions (e.g. zone 1; <2 mmol⋅L−1) with low glyco-
gen availability, or fasted, has been shown to activate 
acute cell signalling kinases (e.g. AMPK, p38) [18–26], 
transcription factors (e.g. p53, PPAR) [26–28], and tran-
scriptional coactivators (e.g. PGC-1α) [29], that may aug-
ment favourable endurance adaptations such as oxidative 
enzyme activity [30–33], mitochondrial biogenesis [27, 
29], angiogenesis [34], and increased lipid oxidation [19, 
22, 26, 27, 31, 32, 35, 36]. Consequently, the concept of 
the ‘glycogen threshold hypothesis’ has been developed 
over the past decade, whereby a ‘threshold level’ of gly-
cogen is required to complete the required volume and 
intensity of a training session but may also modulate the 

activation of molecular machinery training responses 
[37]. This has led to the creation of an amalgamation of 
targeted carbohydrate availability approaches (e.g. low, 
moderate, and high) throughout a microcycle [10, 26, 37], 
whereby glycogen is ‘cycled’ to optimise physical perfor-
mance and adaptations [37]. It should be noted that while 
training with low glycogen availability may augment the 
cell signalling responses which underpin aerobic adapta-
tions, some studies have found that it does not translate 
to enhanced performance over a macro- or mesocycle, 
when compared to training with high glycogen availabil-
ity [38]. Consequently, there should be enough carbo-
hydrate to sustain the required training load to promote 
optimal adaptations [39], as an athlete’s ability to accu-
mulate training load may be the greatest driver of adapta-
tions [40].

As well as macronutrients, specific micronutrients, 
phytonutrients, and supplements may also be periodised 
at specific times throughout a macro-, meso- or micro-
cycle. For example, athletes’ may have an increased iron 
requirements while training at altitude [41], foods high 
in quercetin may be promoted during periods of muscle 
damage [42], and creatine can be supplemented if an ath-
lete’s goal is to increase strength throughout a mesocy-
cle [43] or achieve a greater replenishment of glycogen 
resynthesis from one high intensity session to the next 
during a microcycle [44].

With a growing appreciation that nutrition support 
could be provided on a microcycle basis, there has been 
a rise in the number of performance nutritionists [45]. 
Many national governing bodies of Olympic and Para-
lympic sports organisations, as well as professional sports 
teams now employ a performance nutritionist on a part 
time or full-time basis, tasked with preparing and deliv-
ering athletes’ nutrition support [45]. Despite this rise, 
there is reported to be little planning and integration of 
training prescription and nutrition between the perfor-
mance nutritionist and multi-disciplinary team [10]. Per-
formance nutritionists may work in isolation, while it has 
been highlighted that a multidisciplinary approach can 
achieve outcomes which can’t be achieved from a single 
discipline in the context of athlete injury rehabilitation 
[46]. Similarly, to achieve an optimal periodised nutrition 
approach, performance nutritionists should deliver nutri-
tion support as part of an integrated multidisciplinary 
team, with all key stakeholders (coach, athlete, nutrition-
ist, conditioning coach, medical, psychologist, etc.) all 
aligned on the physiological, neuromuscular, structural 
and psychological demands of the athletes’ event, while 
understanding how the athlete can bridge any gaps to 
ensure success during competition [11]. Consequently, 
performance nutritionists should periodise nutrition 
strategies on a microcycle level, aligned to the coach’s 
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training periodisation, and athlete’s performance goal(s). 
Stellingwerff et al., (2019) [11] proposed that there needs 
to be better quantification of knowledge and application 
of nutritional periodisation approaches among athletes. 
Previous research has proposed various tools to enable 
athletes to periodise their nutrition, such as periodisa-
tion approaches [11], colour coded frameworks [37, 
39], and educational plate tools [47]. Stellingwerff et al., 
(2019) [11] reported numerous approaches which can be 
implemented to form a ‘periodised nutrition’ approach 
such as: ‘train high’; ‘consume a pre training meal of 1–3 
g⋅kg⋅bm−1 of carbohydrate’; ‘carbohydrate is withheld in 
recovery or suboptimal intakes occur’ [11]. Impey et al., 
(2017) [37] and Poldlagar & Wallis, (2022) [39] both pro-
posed colour coded frameworks (red = low; amber = 
moderate; and green = high) to manipulate and periodise 
carbohydrate intake based on the upcoming demands 
of activity, with the aim of ensuring appropriate fuelling 
and optimising training adaptations. Reguant-Closa et al., 
(2019) [47] created and validated the ‘Athlete’s Plate Edu-
cational Tool’ with the aim of the providing a visual aid 
for performance nutritionists to enable athletes to adjust 
their dietary intake based on their training load.

To the authors knowledge, no one has ever proposed 
a ‘Periodised Nutrition System’ which amalgamates all 
these proposed tools such as periodisation statements, 
a RAG rated colour coded system, and visual tools, to 
apply nutrition periodisation approaches, specific to 
an athlete’s performance goal(s), and desired training 
adaptation. Therefore, the aim of the ‘Periodised Nutri-
tion System’ is to further advance the quantification of 
knowledge and application of nutritional periodisation 
approaches among athletes, as proposed by Stellingwerff 
et al., (2019) [11].

To this extent, the aim of this case study is to (1) pro-
pose a ‘Periodised Nutrition System’ which can be uti-
lised by performance nutritionists when working with 
athletes in a variety of sports; (2) discuss how this can be 
administered in practice, collaborating with the coach, 
multidisciplinary team, and athlete; (3) present a case 
study of the proposed ‘Periodised Nutrition System’ and 
its utilisation with a world class swimmer (as defined by 
McKay et al., 2022 [48]) in the build-up to the 2024 Paris 
Summer Olympic Games.

‘Periodised Nutrition System’
Table  1 displays the characteristics of the ‘Periodised 
Nutrition System’, outlining the different ‘plates’, their 
energy and macronutrient composition, examples of each 
plate, how you may practically apply them in training ses-
sions, and the theoretical rationale underpinning this. 
Supplementary files 1 and 2 display the ‘Periodised Nutri-
tion System’ infographics and an example recipe card.

As previously discussed, performance nutritionists 
can typically work in isolation, and this may lead to lit-
tle planning and integration of training prescription and 
nutrition between the nutritionist and multi-disciplinary 
team [10]. Consequently, Figure  1 outlines the process 
of how the ‘Periodised Nutrition System’ can be embed-
ded alongside an athlete’s training periodisation. The aim 
of this is to achieve a greater collaboration between the 
performance nutritionist, athlete and multi-disciplinary 
team.

From Theory to Practice: ‘’Periodised Nutrition 
System’ Case Study with a World Class Level 
Swimmer
Athlete Profile
The swimmer was a world class level [48] female swim-
mer who was part of the Aquatics GB 2024 Paris Sum-
mer Olympic Swimming Team. The swimmer had 
previously utilised nutrition support with the perfor-
mance nutritionist since September 2022, with this 
continuing through to the 2024 Paris Summer Olympic 
Games. Previous nutrition support (prior to switching 
to a ‘Periodised Nutrition System’ model) had been pro-
vided on an infrequent basis (roughly x1 nutrition con-
sultation and x1 body composition assessment every 
4–6 weeks). While nutrition support had been ongoing 
with the swimmer since September 2022, the swimmer 
and performance nutritionist collaborated on a perio-
dised nutrition approach from June 2024 to ensure that 
they achieved their performance goals. This was initially 
driven by the performance nutritionist but as the swim-
mer gained experience and confidence in the approach, 
they were empowered to lead the process moving 
forwards.

The case study below outlines the process to establish 
the periodised nutrition support and presents a snapshot 
of the application of the ‘Periodised Nutrition System’ in 
action over six microcycles in the final mesocycle prior 
to the 2024 Paris Summer Olympic Games (mesocycle 
three = April 2024 to August 2024), between the dates 
of Monday  3rd June to Sunday  14th July. Previous self-
reported food diaries had shown the swimmers energy 
balance (energy intake whereby body mass is maintained) 
to be roughly 2300–3000 kcal depending on the volume 
and intensity of training. This is consistent with previ-
ous research quantifying the energy balance of female 
swimmers [54]. Details of the methodology of how the 
swimmer completed previous food diaries are reported 
in section "Monitoring & Refinement". The swimmer 
and coach were informed about the purpose of the sup-
port provision, and the first author answered any ques-
tions they had. Written informed consent which adopted 
the ethical principles described by Sheffield Hallam 
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University Ethics Committee was provided by the athlete 
and coach, and consequently both provided consent for 
the publication of this case study.

Athlete Performance Goal(s)
In September 2023, at the beginning of the 2023/24 
swimming season, in collaboration with the swimmer, 

Fig 1 The six stages of embedding the ‘Periodised Nutrition System’ [51–53]
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coach, and multidisciplinary team, three performance 
goals were outlined for the swimmer. Table  2 displays 
the performance goals of the swimmer.

Each performance goal had a ‘driver’ who was 
responsible for collating the information and feeding 
back to key stakeholders. The performance nutritionist 
was assigned as the ‘driver’ for the goal 3; Aquatic pro-
file – Achieve best physical condition for the 2024 Paris 
Summer Olympic Games. Aquatic profile is defined as 
an overarching concept which relates to how a swim-
mer presents in the water. This can be separated into 
a swimmer’s technical profile in the water (cross sec-
tional area, propulsion, drag, efficiency, buoyancy, 
breathing mechanics, and pattern) and physical pro-
file out of the water (stature, mass, body composition, 
strength, posture, limb length, flexibility, cross sec-
tional area). One of the key strands of this performance 
goal was to reduce the swimmers body mass, through a 
reduction in non-functional mass (i.e. fat mass). It was 
anticipated that a reduction in non-functional mass 
and consequently body mass would reduce the drag 
profile of the swimmer. This in turn would increase 
the swimmer’s distance per stroke for any given stroke. 
While mass is not directly involved in the drag equa-
tion (see equation 1), a reduction in mass was proposed 
to reduce the drag coefficient (CD) and cross-sectional 
area of the swimmer (A), reducing their drag profile.

FD = Drag
p = Density of fluid (water in the pool)
v = Speed of the swimmer relative to the fluid
CD = Drag coefficient
A = Cross sectional area
Equation 1. The drag equation [55]
As displayed in Table  2, goals one and two required 

greater levels of force production to push off the wall 
and improve speed. Therefore, the maintenance of lean 
mass was an important consideration when designing 
any periodised nutrition intervention.

A focus on body composition can cause anxiety 
among athletes [56] and may be associated with body 
dissatisfaction and symptoms of disordered eating 
and eating disorders [57]. To this extent, the swimmer 
was screened in September 2023 by the performance 
nutritionist as part of the Aquatics GB National Pro-
gramme Screening Strategy, to ascertain their percep-
tions of body composition and the body composition 
assessment process. The swimmer was asked the fol-
lowing questions throughout the screening process: 
(1) “Do you want to monitor your body mass and com-
position in a structured way this season?”; (2) “Do you 

F
D=

1

2
ρυ2CDA

understand what this entails and why we may collect 
this data?”; (3) “Do you understand that by engaging 
in this process, we will assume continued consent to 
monitor as we have agreed?”; (4) “Do you understand 
the value of your support team being aware of some of 
this data from time to time?”; (5) “Do you understand 
that you can ask questions and change your views on 
monitoring at any time?”. This was done to ensure that 
the swimmer was comfortable with the process, under-
stood why the data may be collected, and how it may 
influence their performance (i.e. reduction in drag pro-
file may increase distance per stroke). If there were any 
sensitives or feeling of anxiety or uncomfortableness 
towards the process, then the MDT team would not 
engage with monitoring this goal through body com-
position assessments, or the goal itself. The swimmer 
was comfortable with the process and understood the 
value of the data being collected. The swimmer was 
empowered to drive the monitoring process them-
selves (see section "Monitoring & Refinement") and 
therefore would request body composition assessments 
in consultation with the performance nutritionist and 
consequently, body composition monitoring was not 
enforced upon them.

Training Periodisation
Table  3 outlines a ‘training session key’ which was pro-
vided from the coach to the performance nutritionist, 
detailing a description of all the different types of training 
sessions which could be included in the swimmer’s perio-
dised training plan.

Table  4 outlines the training periodisation for the 
swimmer between the dates of Monday  3rd June to Sun-
day  14th July. This section of the mesocycle represented 
the swimmers final block of training, prior to entering 
the taper phase of their training on Monday  15th July. The 
swimmer competed in the 2024 Sette Colli swim meet 
in Rome, Italy during microcycle 3, racing in the three 
events across Friday, Saturday, and Sunday. As well as 
racing meters (e.g. 200 m), the swimmer would typically 
warm up for ~1000–1600 m and swim down for ~1000–
1600 m for each race.

The performance nutritionist and coach ‘RAG rated’ 
each swimming session based on the energetic and gly-
colytic demands of the session (i.e. how much energy and 
glycogen are required to complete the session) as well as 
the physiological goal of the session (e.g. mitochondrial 
biogenesis, enhance buffering capacity etc.). The perfor-
mance nutritionist then collaborated with the swimmer 
to get their perceptions of ‘easy’, ‘moderate’ and ‘hard’ 
sessions. Table  5 displays the RAG ratings of each ses-
sion. Supplementary file 3 displays the document which 
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was created between the performance nutritionist and 
coach detailing the RAG rating of each training session.

Nutrition Periodisation Intervention & Plans
The performance nutritionist and swimmer underwent a 
‘scoping’ session the week prior to starting the periodised 
nutrition plan, whereby the ‘Periodised Nutrition Sys-
tem’ was presented to the swimmer (e.g. repair plate, fuel 
plate, perform plate, sustain snacks, repair snacks), along 
with the rationale for this, and how best the swimmer 
would like the information presented. Supplementary 
file 1 displays the infographics presented to the swimmer 
during the scoping session. The swimmer was provided 
with approximately, 50 repair plate recipes, 50 fuel plate 
recipes, 50 perform plate recipes and a variety of differ-
ent sustain snack and repair snack examples. To improve 
adherence to the ‘Periodised Nutrition System’, the swim-
mer outlined the ‘types of meals’ they would consume 
daily and collaborated with the performance nutrition-
ist to develop some recipes which they could utilise (e.g. 
scrambled eggs on toast, peanut butter and jam bagel, 
cinnamon berry porridge bowl, miso salmon with wild 
rice, chicken and chorizo paella). These were formu-
lated using the nutritional analysis software Nutritics 

(Nutritics Version 5, Nutritics Ltd, Ireland). Supplemen-
tary file 2 displays an example of a recipe card sent to the 
swimmer.

Tables  6, 7, 8, 9, 10, and 11 display the periodised 
nutrition plan for the swimmer for each microcycle, 
while supplementary file 4A-F show the periodised 
nutrition plan infographic that was sent to the swim-
mer. Microcycle 1 was intentionally planned and 
agreed in collaboration with the swimmer to be lower 
in kilocalories to ‘gain momentum’ with body mass 
loss during the intervention period. While chronic low 
energy availability may have a variety of negative health 
and performance outcomes, leading to relative energy 
deficiency in sport (REDS) [50], it was ensured that 
carbohydrates were cycled in prior to ‘red sessions’ so 
that the swimmer could sustain the required volume 
and intensity. After microcycle one, carbohydrate and 
overall kilocalorie intake was increased throughout 
microcycles two and three to reduce the risk of any 
physiological or performance related consequences 
such as REDS [50]. A body composition assessment 
was undertaken on the  18th June (Tuesday of microcy-
cle 3). After discussion with the swimmer, they stated 
that they were happy with their composition from a 

Table 3 Training session key

Training Session Training Session Description

Recovery (R) Very easy / light aerobic mix

Technical Recovery (TR) Easy aerobic mix with technical focus

Aerobic Maintenance (AMT) Moderate work to maintain aerobic fitness

Aerobic Development (ADEV) Strong work to develop aerobic fitness

Aerobic > Technical (A > T) Strong / short rest work to develop aerobic fitness

Strength Endurance (STEND) Strong aerobic work with high resistance

Speed > Recovery (SP > R) Session focusing on speed effort & mostly easy swimming

Speed > Aerobic Maintenance (SP > AMT) Speed development and aerobic maintenance combination

Technical Pace (TP) Technical, speed and pace work in preparation for key set or race

Speed > Resistance (SP > RES) Endurance set which includes both resistance and speedwork

Speed > Endurance (SP > END) Set starts / finishes with speed. However, the bulk of the set is endurance

Monocarboxylate Transporter 4 Race Pace ‘Tempo (MCT4 RP Tempo) Race pace set with softer design

Monocarboxylate Transporter 4 ~ Central Fartlek (MCT4 ~ Central Fartlek) Race pace set – Progressive and challenging pattern with strong design

Monocarboxylate Transporter 4 Race Pace Pattern (MCT4 RP ‘Pattern) Race pace set – Progressive and challenging pattern with strong design

Monocarboxylate Transporter 4+1 Race Pace Combo (MCT4+1 RP ‘Combo’) Race pace set & heart rate combination – Harder design

Aerobic Maintenance > Race (AMT > Race) Aerobic block finishing with intense race / stand up swim

Monocarboxylate Transporter 4 Race Pace Simulation (MCT4 RP SIM) Race pace work mimicking a competition

Monocarboxylate Transporter 1 (MCT1) High intensity aerobic set which includes intensity close to race pace

Rainbow Set (RB) Set which combines swimming at all intensities – Aerobic and anaerobic

Test Set (TS) Either 7x200m step test or 4x [4x100 kick] best average

Kick and Pull (K+P) Aerobic kick and pull

Gym (Gym) Gym work as set by the strength and conditioning coach

Swim Bench (SB) n reps at a specific watt output

Prime (P) Land work primer in preparation for stand up swim or race effort
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performance perspective and wanted to focus on ‘fuel-
ling effectively’ during the upcoming swim meet (mic-
rocycle 3; Friday to Sunday), as well as the remainder 
of the mesocycle leading into the 2024 Paris Summer 
Olympic Games. Consequently, the focus of the inter-
vention shifted from ‘optimising aquatic profile’ to 
‘optimising adaptations from training sessions’ and the 
periodised nutrition plan was adjusted accordingly.

Monitoring & refinement
During the scoping session, the performance nutritionist 
presented all six microcycles of the periodised nutrition 

plan to the swimmer. The periodised nutrition plan for 
a particular microcycle was then sent to the swimmer 
on the Friday prior to the microcycle commencing the 
following Monday to refresh their memory and enable 
them to plan and prepare their nutrition strategies for 
the following week. This was accompanied by a face-to-
face discussion with the nutritionist to discuss the ‘flow’ 
of nutrition periodisation for the microcycle, as well as 
reflections of the current microcycle (e.g. training per-
formance, energy levels etc.). This discussion was cross-
referenced with data collected by the MDT team. These 
were the following:

Table 4 The swimmer’s training periodisation between Monday  3rd June to Sunday  14th July

Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Week One:
3rd−9th June 2024
Week distance – 
57.5km

AM Session ADEV TR + Gym MCT1 ADEV + Gym SP > END STEND Rest

PM Session MCT1 ADEV Rest TR MCT4 RP SIM Rest Rest

Week Two:
10th−16th June 2024
Week distance – 
57.5km

AM Session ADEV TR + Gym STEND Rest SP > END STEND Rest

PM Session MCT1 ADEV Rest Gym + ADEV MCT4 RP SIM Rest Rest

Week Three:  17th 
June-23rd June
Week distance – 
52km

AM Session SP > END SP > END Travel R Race - Heats Race - Heats Race - Heats

PM Session TR MCT1 Travel TR + RACE WARM UP Race - Final Race - Final Race - Final

Week Four:
24th June-30th June
Week distance – 
50-55km

AM Session Travel R + Gym ADEV SP > AMT + Gym MCT4 RP SIM STEND Rest

PM Session Travel SP > END Rest TR MCT4 RP SIM Rest Rest

Week Five:
1st July-7th July
Week distance – 
60km

AM Session AMT>SP + Gym R A>MT ADEV + Gym MCT4 RP SIM STEND Rest

PM Session MCT4 ‘Soft’ 4x200 TT Rest TR MCT4 RP SIM Rest Rest

Week Six:
8th July-14th July
Week distance – 
60km

AM Session AMT > SP + Gym R A>MT ADEV MCT4 RP SIM STEND Rest

PM Session MCT4 RP TEMPO MCT4 RP SIM Rest TR MCT4 RP SIM Rest Rest

Table 5 RAG rating of each training session

RAG Rating Description of RAG Rating Training Sessions Description

Green (easy) Main set = Approx. 50-40 beats below max heart rate; lactate < 
2mmol⋅L−1; low glycolytic demand

R; TR; AMT

Amber (Moderate) Main set = Approx. 50-20 beats below max heart rate; speed 
work = lactate > 2 mmol⋅L−1; aerobic and recovery elements = 
< 2 mmol⋅L−1; moderate glycolytic demand
Speed work programmed into these sessions is low in volume 
and therefore while glycogen is required to fuel the high inten-
sity movements, this is not for a considerable period

ADev; A > T; StEnd; SP > R; SP > Amt; TP; SP > RES; SP > END; Kick 
and Pull K+P; Gym

Red (Hard) Main set = Approx. 30-5 beats below max heart rate; lactate > 6 
mmol⋅L−1; high glycolytic demand

MCT4 RP Tempo; MCT4 ~ Central Fartlek; MCT4 RP ‘Pattern; 
MCT4+1 RP ‘Combo’; AMT > Race; MCT4 RP SIM; MCT1; RB; TS

Other These sessions are traditionally low in volume and ‘bolted’ 
onto the start (e.g. primer) or incorporated into the session (e.g. 
swim bench)

SB; P
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Table 6 Periodised nutrition plan for microcycle 1 from  3rd June 2024 to  9th June 2024

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Pre-Swim (AM) Fasted Fasted Sustain snack
(40 g CHO)

Fasted Sustain snack
(40 g CHO)

Fasted Repair snack

Training (AM) ADEV TR + Gym MCT1
Sustain snack
(20g CHO)

ADEV + Gym SP > END STEND

Post Swim (AM) Repair snack PRE GYM:
x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Fuel plate PRE GYM:
x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Repair snack Fuel plate

Lunch Fuel plate Fuel plate Repair snack Fuel plate Fuel plate Repair snack Fuel plate

Pre-Swim (PM) Sustain snack
(40 g CHO)

Sustain snack
(40 g CHO)

Sustain snack
(60 g CHO)

Repair snack

Training (PM) MCT1
Sustain snack
(20 g CHO)

ADEV TR MCT4 RP SIM
Sustain snack
(20 g CHO)

Dinner Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Perform plate Fuel plate

Daily kcal and Macronutrient Targets
Calories (kcal) 1450–2315 1450–2315 1450–2315 1290–2065 1530–2395 1410–2105 1515–2160

Carbohydrate
(g / g⋅kg⋅bm−1)

160–270 /
2–3.5

160–270 /
2–3.5

160–270 /
2–3.5

120–230 /
1.5–3

180–290 /
2.3–3.8

150–260 /
1.9–3.4

100–220 /
1.3–2.9

Protein
(g / g⋅kg⋅bm−1)

90–140 /
1.2–1.8

90–140 /
1.2–1.8

90–140 /
1.2–1.8

90–130 /
1.2–1.7

90–140 /
1.2–1.8

90–120 /
1.2–1.6

110–140 /
1.4–1.8

Fat
(g / g⋅kg⋅bm−1)

50–75 /
0.6–1.0

50–75 /
0.6–1.0

50–75 /
0.6–1.0

50–70 /
0.6–0.9

50–75 /
0.6–1.0

50–65 /
0.6–0.8

50–80 /
0.6–1.0

Table 7 Periodised nutrition plan for microcycle 2 from  10th June 2024 to  16th June 2024

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Pre-Swim (AM) Fasted Fasted Sustain snack
(20 g CHO)

Repair snack Sustain snack
(40 g CHO)

Fasted Repair snack

Training (AM) ADEV TR + Gym STEND SP > END STEND
Post Swim (AM) x1 Repair snack & 

x1 sustain snack
(20 g CHO)

PRE GYM
x1 Repair snack & x1 
sustain snack
(20 g CHO)

Fuel plate x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Lunch Fuel plate Fuel plate Repair snack Fuel plate Fuel plate Fuel plate Fuel plate

Pre-Swim (PM) Sustain snack
(60 g CHO)

Sustain snack (40g CHO) Sustain snack
(60 g CHO)

Sustain snack
(80 g CHO)

Repair snack Repair snack

Training (PM) MCT1
Sustain snack
(20 g CHO)

ADEV Gym + ADEV MCT4 RP SIM
Sustain snack
(20 g CHO)

Dinner Perform plate Perform
plate

Perform plate Perform plate Perform plate Perform plate Perform plate

Daily kcal and Macronutrient Targets
Calories (kcal) 1810–2755 1650–2515 1490–2265 1650–2425 2050–3085 1570–2475 1490–2360

 Carbohydrate
(g / g⋅kg⋅bm−1)

250–360 /
3.2–4.7

210–320 /
2.7–4

170–280 /
2.2–3.6

210–320 /
2.7–4

310–420 /
4–5.5

170–290 /
2.2–3.7

150–270 /
1.9–3.5

 Protein
(g / g⋅kg⋅bm−1)

90–150 /
1.2–1.9

90–140 /
1.2–1.8

90–130 /
1.2–1.7

90–130 /
1.2–1.7

90–160 /
1.2–2.1

110–150 /
1.4–1.9

110–140 /
1.4–1.8

 Fat
(g / g⋅kg⋅bm−1)

50–80 /
0.6–1.0

50–75 /
0.6–1.0

50–70 /
0.6–0.9

50–70 /
0.6–0.9

50–85 /
0.6–1.1

50–80 /
0.6–1.0

50–80 /
0.6–1.0
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Capillary blood samples
Capillary Blood samples were collected during key ses-
sions (e.g. MCT4 RP SIM) and analysed for blood lac-
tate quantity. Capillary blood samples were primarily 
taken by the Aquatics GB physiologist using the ear 
prick technique. Briefly, the ear lobe was cleaned using 
an alcohol wipe, before a lancet was utilised to prick the 
earlobe. The first blood drop was wiped away before a 
Lactate Pro 2 Sports Blood Lactate Meter (Arkray, Kyota, 
Japan) and Lactate Pro 2 Test strip (Arkray, Kyota, Japan) 
were used to collect a capillary blood sample, and con-
sequently blood lactate measurement. The Lactate Pro 
2 Sports Blood Lactate Meter has been shown to have 
high reliability (intraclass correlation coefficient [ICC] = 
0.99), although displays poor construct validity in com-
parison to a calibrated laboratory-based analyser at high 
intensities (intraclass correlation coefficient at 4.1–8.0 
mmol⋅L−1 = 0.30) [58]. Unfortunately, a laboratory-based 
analyser was not available to analyse blood lactate sam-
ples and is a potential limitation of the data collection 
process.

Countermovement jumps
Countermovement jumps were included to quantify neu-
romuscular fatigue [59]. These were conducted during 
the first gym session of each microcycle by the Aquatics 
GB strength and conditioning coach. Briefly, the swim-
mer would stand on a force plate (Vald Performance, 
Quensland, New Zealand), before being instructed to 
perform a countermovement jump while keeping their 
arms on their hips for the duration of the protocol.

Rating of perceived exertion
Rating of perceived exertion (RPE) was quantified via the 
Foster modified CR10 Scale after each completed ses-
sion (n/10) [60]. The swimmer inputted their RPE onto a 
Google Docs form (Google, California, USA), which was 
then exported and saved on a Microsoft Excel spread-
sheet (Microsoft, Washington, USA). The swimmer was 
educated on how to interpret the Foster modified CR10 
Scale prior to collecting any data to increase the validity 
of the data.

Table 8 Periodised nutrition plan for microcycle 3 from  17th June 2024 to  23rd June 2024

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Pre-Swim (AM) Sustain snack
(20 g CHO)

Sustain snack
(20 g CHO)

Fuel plate* Fuel plate* Sustain snack
(80 g CHO)

Sustain snack
(80 g CHO)

Sustain snack
(80 g CHO)

Training or Race 
(AM)

SP > END + 
GYM

SP > END R Race - Heats Race - Heats Race - Heats

Post Swim (AM) PRE GYM
x1 Repair snack 
& x1 sustain 
snack
(20 g CHO)

x1 Repair snack 
& x1 sustain 
snack
(20 g CHO)

x1 Repair snack 
& x1 sustain 
snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(60 g CHO)

x1 Repair snack & 
x1 sustain snack
(60 g CHO)

x1 Repair snack & 
x1 sustain snack
(60 g CHO)

Lunch Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate

Pre-Swim (PM) Sustain snack
(60 g CHO)

x1 Repair snack 
& x1 sustain 
snack
(20 g CHO)

Sustain snack
(60 g CHO)

Sustain snack
(80 g CHO)

Sustain snack
(80 g CHO)

Sustain snack
(80 g CHO)

Training or Race 
(PM)

TR MCT1 TR Race - Final Race - Final Race - Final

Post Race x1 Repair snack & 
x1 sustain snack
(60 g CHO)

x1 Repair snack & 
x1 sustain snack
(60 g CHO)

x1 Repair snack & 
x1 sustain snack
(60 g CHO)

Dinner Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate

Pre-Bed Sleep strategy
(20 g CHO)

Sleep strategy
(20 g CHO)

Sleep strategy
(20 g CHO)

Sleep strategy
(20 g CHO)

Sleep strategy
(20 g CHO)

Daily kcal and Macronutrient Targets
Calories (kcal) 1570–2435 1810–2755 2075–3055 2315–3375 2690–3980 2690–3980 2690–3980

Carbohydrate
(g / g⋅kg⋅bm−1)

190–300 /
2.5–4

250–360 /
3.3–4.8

240–400 /
3.2–5.3

300–460 /
4–6.1

450–590 /
5.8–7.6

450–590 /
5.8–7.6

450–590 /
5.8–7.6

Protein
(g / g⋅kg⋅bm−1)

90–140 /
1.2–1.9

90–150 /
1.2–2

110–150 /
1.5–2

110–160 /
1.5–2.1

110–180 /
1.5–2.4

110–180 /
1.5–2.4

110–180 /
1.5–2.4

Fat
(g / g⋅kg⋅bm−1)

50–75 /
0.7–1.0

50–80 /
0.7–1.1

75–95 /
1–1.3

75–100 /
1–1.3

50–100 /
0.7–1.3

50–100 /
0.7–1.3

50–100 /
0.7–1.3
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Table 9 Periodised nutrition plan for microcycle 4 from  24th June 2024 to  30th June 2024

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Pre-Swim (AM) Fuel plate* Fasted Sustain snack
(20 g CHO)

Sustain snack
(40 g CHO)

Sustain snack
(60 g CHO)

Sustain snack
(20 g CHO)

Repair snack

Training (AM) R + Gym ADEV SP > AMT + Gym MCT4 RP SIM
x1 sustain snack
(20 g CHO)

STEND

Post Swim (AM) PRE GYM:
x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Fuel plate x1 Repair snack x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Lunch Fuel plate Fuel plate x1 Repair snack Fuel plate Fuel plate Fuel plate Fuel plate

Pre-Swim (PM) x1 Repair snack Sustain snack
(60 g CHO)

Sustain snack
(40 g CHO)

Sustain snack
(80 g CHO)

Repair snack Repair snack

Training (PM) SP > END TR MCT4 RP SIM
x1 sustain snack
(20 g CHO)

Dinner Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate

Daily kcal and Macronutrient Targets
Calories (kcal) 1915–2810 1730–2595 1490–2270 1730–2595 2210–3330 1650–2645 1490–2315

Carbohydrate
(g / g⋅kg⋅bm−1)

200–360 /
2.7–4.8

230–340 /
3.1–4.5

170–280 /
2.3–3.7

230–340 /
3.1–4.5

350–460 /
4.7–6.1

190–310 /
2.5–4.1

150–270 /
1.9–3.5

Protein
(g / g⋅kg⋅bm−1)

110–140 /
1.5–1.9

90–140 /
1.2–1.9

90–130 /
1.2–1.7

90–140 /
1.2–1.9

90–170 /
1.2–2.3

110–160 /
1.5–2.1

110–140 /
1.4–1.8

Fat
(g / g⋅kg⋅bm−1)

75–90 /
1–1.2

50–75 /
0.7–1.0

50–70 /
0.7–0.9

50–75 /
0.7–0.9

50–90 /
0.7–1.1.2

50–85 /
0.7–1.1

50–75 /
0.6–1.0

Table 10 Periodised nutrition plan for microcycle 5 from  1st July 2024 to  7th July 2024

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Pre-Swim (AM) Sustain snack
(40 g CHO)

Fasted Fasted Sustain snack
(20 g CHO)

Sustain snack
(60 g CHO)

Sustain snack
(20 g CHO)

Repair snack

Training (AM) AMT > SP + Gym R A>MT ADEV + Gym MCT4 RP SIM
x1 sustain snack
(20 g CHO)

STEND

Post Swim (AM) PRE GYM:
x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack PRE GYM:
x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Lunch Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate

Pre-Swim (PM) Sustain snack
(60 g CHO)

Sustain snack
(80 g CHO)

Sustain snack
(80 g CHO)

Repair snack Repair snack

Training (PM) MCT4 ‘Tempo’
x1 sustain snack
(20 g CHO)

MCT4 RP SIM
x1 sustain snack
(20 g CHO)

TR MCT4 RP SIM
x1 sustain snack
(20 g CHO)

Dinner Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate

Daily kcal and Macronutrient Targets
Calories (kcal) 1970–3005 1890–3020 1410–2105 1570–2435 2210–3290 1650–2645 1490–2315

Carbohydrate
(g / g⋅kg⋅bm−1)

290–400 /
3.9–5.3

270–380 /
3.6–5.1

150–260 /
2–3.5

190–300 /
2.5–4

350–460 /
4.7–6.1

190–310 /
2.5–4.1

150–270 /
1.9–3.5

Protein
(g / g⋅kg⋅bm−1)

90–160 /
1.2–2.1

90–150 /
1.2–2

90–120 /
1.2–1.6

90–140 /
1.2–1.9

90–160 /
1.2–2.1

110–160 /
1.5–2.1

110–140 /
1.4–1.8

Fat
(g / g⋅kg⋅bm−1)

50–85 /
0.7–1.1

50–80 /
0.7–1.1

50–65 /
0.7–0.9

50–75 /
0.7–1.0

50–90 /
0.7–1.2

50–85 /
0.7–1.1

50–75 /
0.6–1.0
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Wellness data
Wellness data for energy levels, sleep quality, and mus-
cle soreness was collected daily (including rest days) 
throughout the duration of the mesocycle, with these 
being rated out of 10 (n/10). These were collected by 
the coach, with the swimmer inputting their data onto a 
Google Docs form, which was then exported and saved 
on a Microsoft Excel spreadsheet.

Team meetings and anecdotal feedback
Anecdotal feedback during multi-disciplinary team 
meetings or one-to-one conversations with the coach 
or member of the MDT team were collected. This was 
utilised to determine the extent to which either the 
training periodisation or the periodised nutrition plan 
needed to be adjusted based on the feedback sources. 
Twice-weekly meetings between the coach and MDT 
team were also held to discuss the performance of 
the swimmer and any adjustments to the training 
periodisation.

Body composition assessments
The swimmer was empowered to take ownership of 
the periodised nutrition plan and monitoring process. 
During the scoping session, the swimmer outlined 
when they wanted body composition assessments to be 

undertaken in agreement with the performance nutri-
tionist (measurement one =  3rd June, measurement two 
=  18th June, measurement three =  16th July). Body com-
position was taken by the performance nutritionist and 
quantified through the sum of eight skinfold method, 
using Harpenden skinfold callipers (Harpenden Ltd, 
Harpenden, UK), according to the International Soci-
ety for the Advancement of Kinanthropometry (ISAK) 
guidelines [61]. The performance nutritionist was an 
ISAK level one practitioner. Two measurements were 
taken for each site, with a third being taken if the first 
two measurements had a variability greater than 10%, 
as per ISAK level one practitioner guidelines. The mean 
value was recorded where two measurements were col-
lected, with the median being reported where three 
measurements were taken. The nutritionist had an ICC 
of 0.99 during measurement one, an ICC of 0.99 during 
measurement two, and an ICC of 0.99 during measure-
ment three. Sum of 8 skinfold method has been shown 
to be a valid and reliable method when working in the 
field [62]. Relaxed arm, waist, glute, thigh and calf girth 
were also collected. This was also collected according to 
ISAK guidelines. Briefly, an anthropometric tape meas-
ure (Lufkin W606PD, Lufkin, Cleveland, USA) was 
wrapped around the marked anthropometric site (e.g. 
waist) and the value was recorded. One measurement 
was taken for each anthropometric site. The swimmer 

Table 11 Periodised nutrition plan for microcycle 6 from  8st July 2024 to  14th July 2024

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Pre-Swim (AM) Sustain snack
(40g CHO)

Fasted Fasted Sustain snack
(20g CHO)

Sustain snack
(60g CHO)

Sustain snack
(20g CHO)

Repair snack

Training (AM) AMT > SP + Gym R A>MT ADEV MCT4 RP SIM
x1 sustain snack
(20g CHO)

STEND

Post Swim (AM) PRE GYM:
x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

x1 Repair snack & 
x1 sustain snack
(20 g CHO)

Lunch Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate Fuel plate

Pre-Swim (PM) Sustain snack
(60 g CHO)

Sustain snack
(80 g CHO)

Sustain snack
(80 g CHO)

Repair snack Repair snack

Training (PM) MCT4 RP TEMPO
x1 sustain snack
(20 g CHO)

MCT4 RP SIM
x1 sustain snack
(20 g CHO)

TR MCT4 RP SIM
x1 sustain snack
(20 g CHO)

Dinner Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate Perform plate

Daily Kcal and Macronutrient Targets
Calories (kcal) 1970–3005 1890–3020 1410–2105 1570–2435 2210–3290 1650–2645 1490–2315

Carbohydrate
(g / g⋅kg⋅bm−1)

290–400 /
3.9–5.3

270–380 /
3.6–5.1

150–260 /
2–3.5

190–300 /
2.5–4

350–460 /
4.7–6.1

190–310 /
2.5–4.1

150–270 /
1.9–3.5

Protein
(g / g⋅kg⋅bm−1)

90–160 /
1.2–2.1

90–150 /
1.2–2

90–120 /
1.2–1.6

90–140 /
1.2–1.9

90–160 /
1.2–2.1

110–160 /
1.5–2.1

110–140 /
1.4–1.8

Fat
(g / g⋅kg⋅bm−1)

50–85 /
0.7–1.1

50–80 /
0.7–1.1

50–65 /
0.7–0.9

50–75 /
0.7–1.0

50–90 /
0.7–1.2

50–85 /
0.7–1.1

50–75 /
0.6–1.0
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stated that they did not value collecting body mass data 
on a frequent basis as this added ‘noise’ to the goal due 
to daily fluctuations in mass caused through glyco-
gen, hydration status and female sex hormones such 
as oestrogen [63]. Therefore, body mass was only col-
lected when quantifying body composition using Seca 
875 Scales (Seca, GmBH, Hamburg, Germany). A pre-
diction equation was calculated to quantify the swim-
mer’s predicted lean mass and predicted fat mass as 
reported by Van Der Ploeg et  al., (2003) [64]. At each 
body composition monitoring session, the swimmer 
was re-familiarised with the data collection process, 
given ample opportunity to ask any questions, or refuse 
the process.

Self‑Reported food diaries
Four-day self-reported food diaries were also completed 
by the swimmer on two separate occasions  (4th to  7th 
June and  25th to  28th June) to ensure that the swimmer 
was on track, and energy intake was consistent with what 
was being advised in the periodised nutrition plan. Food 
diaries were completed through a combination of the 
weighed food method [65] and Snap’N’Send [66]. Briefly, 
the swimmer would send across a picture and descrip-
tion of any food or drink they consumed (i.e. name of 
food, ingredients and quantity, cooking methods etc.) 
upon consuming to ensure this was timestamped. Upon 
completion of each four-day food diary, food diaries 
were analysed by the performance nutritionist using the 
nutrition analysis software Nutritics (Nutritics Version 
5, Nutritics Ltd, Ireland). Energy intake was reported in 
kilocalories (kcals) and macronutrient intakes were ana-
lysed and reported in grams (g) and grams per kilogram 
of body mass (g⋅kg⋅bm−1).

Intervention outcomes
Capillary blood samples
Tables 12, 13, 14, 15, 16 and 17 displays peak blood lac-
tate quantity (i.e. highest blood lactate quantity experi-
enced throughout the session) collected from a capillary 
blood sample. Capillary blood samples were taken during 
some ‘amber’ sessions (e.g. SP > END), all ‘red’ sessions 
(see table 5) and finals of races (such as in microcycle 3).

Body Composition
Table  18 displays the body composition data collected 
throughout the periodised nutrition intervention. Over 
an 18-day period of the ‘optimising aquatic profile’ 
phase of the intervention, there was a 2.1 kg decrease in 
body mass, an 18.1 mm reduction in sum of 8 skinfolds, 
a 0.1 kg decrease in predicted lean mass and a 2.2 kg 
decrease in predicted fat mass. Over the remainder of the 

mesocycle and the ‘optimising adaptations from training 
sessions’ phase, there was a 0.2 kg increase in body mass, 
a 2 mm reduction in sum of 8 skinfolds, a 0.7 kg increase 
in predicted lean mass and 0.5 kg decrease in predicted 
fat mass.

Table  19 presents the girth measurements collected 
throughout the periodised nutrition intervention. There 
was a reduction in all anthropometric sites throughout 
the intervention.

Food diary
Table  20 displays the food diary data collected during 
microcycle one (Tuesday  4th June to Friday  7th June), 
while Table 21 shows the food diary data collected during 
microcycle four (Tuesday  25th June to Friday  28th June).

During microcycle one, fat intake was slightly greater 
than planned due to the swimmer using high amounts of 
olive oil while cooking. Despite olive oil having numerous 
health benefits [67], this was tweaked to ensure the swim-
mer stayed within the macronutrient guidance. During 
microcycle 4, the swimmer was within the planned nutri-
tion periodisation targets for all days.

Discussion & Practitioner reflections
The aim of this case study was to (1) propose a ‘Periodised 
Nutrition System’ which can be utilised by nutritionists 
when working with athletes; (2) discuss how this can be 
administered in practice, collaborating with the coach, 
multidisciplinary team and athlete; (3) present a case 

Table 12 Blood lactate quantity during training sessions in 
Microcycle 1 from  3rd to  9th June 2024

Session 1 Session 2 Session 3 Session 4

Training Ses-
sion
(Predicted Peak 
Blood Lactate 
[mmol⋅L−1])

MCT1
(6–12)

MCT1
(6–12)

SP > END
(2–6)

MCT4 RP SIM
(>12)

Peak Blood 
Lactate 
(mmol⋅L−1)

10.4 11.6 5.2 12.7

Table 13 Blood lactate quantity during training sessions in 
Microcycle 2 from  10th to  16th June 2024

Session 1 Session 2 Session 3

Training Session
(Predicted Peak 
Blood Lactate 
[mmol⋅L−1])

MCT1
(6–12)

SP > END
(2–6)

MCT4 RP SIM
(>12)

Peak Blood Lactate 
(mmol⋅L−1)

9.5 4.8 13.4
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study of the proposed ‘Periodised Nutrition System’ and 
its utilisation with a world class swimmer in the build-up 
to the 2024 Paris Summer Olympic Games. Stellingw-
erff et al., (2019) [11] stated that there needs to be better 
quantification of knowledge and application of nutri-
tional periodisation approaches among athletes. While 
previous literature has proposed various tools to enable 
athletes to periodise their nutrition, such as periodisation 
approaches [11], colour coded frameworks [37, 39], and 
educational plate tools [47], to the authors knowledge, 
this is the first proposed ‘Periodised Nutrition System’ in 
the scientific literature, conveying how different ‘perfor-
mance plates’ can be utilised to sit in tandem with an ath-
letes training periodisation in a real-world scenario. This 
case study presents the ‘Periodised Nutrition System’, 
proposing different ‘performance plates’, quantities of 
different foods to fit into the ‘performance plates’ to aid 
recipe development, and how they may practically fit into 
an athlete’s periodisation alongside theoretical rationale. 
This will hopefully generate some meaningful discus-
sion among practitioners and academics to critique the 
proposed ‘Periodised Nutrition System’ and enable other 
practitioners to share their understanding and applica-
tion of nutritional periodisation approaches within a 
variety of sports.

While the ‘Periodised Nutrition System’ provides a 
template for practitioners to utilise to deliver periodised 
nutrition support to an athlete, simply applying a ‘copy 
and paste’ approach is sub optimal. This case study high-
lights an array of skills a nutritionist needs to embed a 
periodised approach when supporting elite athletes. A 
performance nutritionist must have sufficient techni-
cal knowledge to understand the underpinning physi-
ological and technical demands of the sport as well as 
the intended physiological responses from different 
sessions (e.g. aerobic development vs. MCT4 RP SIM) 
to ensure that the athlete is able to work at the correct 
intensity, utilising the intended fuel source, maximising 
the adaptive response. They must also be able to accu-
rately predict the energy expenditure of the athlete so 
that the recommendations of the nutrition periodisation 
plan are appropriate. The performance nutritionist must 
also possess a variety of ‘soft’ skills such as: being able to 
effectively communicate with the coach, MDT team, and 

Table 14 Blood lactate quantity during training sessions in 
Microcycle 3 from  17th to  23rd June 2024

* Indicates when sodium bicarbonate (Maurten AB, Gothenburg, Sweden) was 
consumed prior to session

Session 1 Session 2 Session 3 Session 4

Training Ses-
sion
(Predicted 
Peak Blood 
Lactate 
[mmol⋅L−1])

MCT1
(6–12)

Race – Final*
(>12)

Race – Final*
(>12)

Race – Final*
(>12)

Peak Blood 
Lactate 
(mmol⋅L−1)

10.1 18.5 16.7 19.3

Table 15 Blood lactate quantity during training sessions in 
Microcycle 4 from  24th to  30th June 2024

* Indicates when sodium bicarbonate (Maurten AB, Gothenburg, Sweden) was 
consumed prior to session

Session 1 Session 2 Session 3 Session 4

Training Ses-
sion
(Predicted 
Peak Blood 
Lactate 
[mmol⋅L−1])

SP > END
(2–6)

MCT4 RP SIM
(>12)

MCT4 RP SIM*
(>12)

Peak Blood 
Lactate 
(mmol⋅L−1)

4.2 14.6 16.9

Table 16 Blood lactate quantity during training sessions in 
Microcycle 5 from  1st to  7th July 2024

* Indicates when sodium bicarbonate (Maurten AB, Gothenburg, Sweden) was 
consumed prior to session

Session 1 Session 2 Session 3 Session 4

Training Ses-
sion
(Predicted 
Peak Blood 
Lactate 
[mmol⋅L−1])

MCT4 
‘Tempo’
(6–12)

4x200 TT
(>12)

MCT4 RP SIM
(>12)

MCT4 RP 
SIM*
(>12)

Peak Blood 
Lactate 
(mmol⋅L−1)

10.8 13.1 13.8 15.1

Table 17 Blood lactate quantity during training sessions in Microcycle 6 from  8th to  14th July 2024

* Indicates when sodium bicarbonate (Maurten AB, Gothenburg, Sweden) was consumed prior to session

Session 1 Session 2 Session 3 Session 4

Training Session
(Predicted Peak Blood Lac-
tate [mmol⋅L−1])

MCT4 RP TEMPO
(6–12)

MCT4 RP SIM
(>12)

MCT4 RP SIM*
(>12)

MCT4 RP SIM*
(>12)

Peak Blood Lactate 
(mmol⋅L−1)

8.8 13.3 14.2 15.7
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athlete to establish performance strategies and feedback 
interventions to key stakeholders; time management to 
ensure periodisation plans are delivered on time; team 
work and collaborative skills to work as part of an MDT 
team, gaining feedback (such as blood lactate data from 
capillary blood samples; see Tables 7A-7F) to inform the 
whether the nutrition periodisation needs adjusting; and 
creativity to package up the periodised nutrition plan in a 

way that is appropriate for the athlete so they can follow 
(such as supplementary files 1, 2, and 4A-F).

Previous research has highlighted that there may be 
little planning and integration of training prescription 
and nutrition between the performance nutritionist and 
multi-disciplinary team [10]. An advantage of adopt-
ing a periodised nutrition approach with athletes on a 
microcycle basis is that it enables practitioners to align 
nutrition support to the individual, their performance 
goal(s) and the desired adaptation of each training ses-
sion. Following the process of how to embed the ‘Perio-
dised Nutrition System’ (Figure 1) can add structure and 
greater alignment of training and nutrition periodisation 
between key stakeholders. Reflective practice is a key 
skill for a performance nutritionist to develop [68, 69]. 
Some key reflections from the performance nutritionist 
were that they had a greater understanding of the ath-
letes training periodisation as they were specifically pro-
gramming the nutrition periodisation alongside. As the 
performance nutritionist had an awareness of the swim-
mers training periodisation, they were able to greater 
embed nutritional strategies such as the swimmer prac-
ticing their racing nutrition strategies prior to MCT4 RP 
SIM sessions (see microcycles 4, 5, and 6). This included 
refining their pre-race meal alongside the addition of rac-
ing supplements such as nitrates [70], caffeine [71] and 
sodium bicarbonate [72], ensuring gastrointestinal issues 
were minimised. By having greater awareness of the 
training periodisation, the performance nutritionist can 
be proactive in their guidance rather than being reactive, 
achieving a greater level of collaboration with the athlete.

While this case study has focused on macronutrients, 
the ‘Periodised Nutrition System’ is a tool to ensure that 
the athlete has structure and purpose to their nutrition, 
aligned with their training periodisation. The ‘Periodised 
Nutrition System’ enables an initial structure for this to 
develop organically between the performance nutrition-
ist and athlete. Different performance strategies can be 
layered alongside such as: creating nitrate rich ‘repair’, 
‘fuel’ and ‘perform’ plates to increase nitric oxide storage 
in the muscle [70]; the addition of creatine monohydrate 
to increase glycogen synthesis if the athlete is undergo-
ing high training loads whereby high carbohydrate avail-
ability is required [44]; or the supplementation of specific 
micronutrients, such as iron when an athlete is training 
at altitude [41]. This will depend on how the performance 
nutritionist applies their knowledge and skills to package 
up the nutrition support and layer on their performance 
strategies.

A potential negative of embedding a periodised nutri-
tion approach is that athletes may look at nutrition 
‘mathematically’, simply looking at the nutritional value 

Table 18 Swimmer’s body composition data throughout the 
periodised nutrition intervention

Date Body mass (kg) Sum of 8 
Skinfolds 
(mm)

Predicted 
Lean Mass 
(kg)

Predicted 
Fat Mass 
(kg)

31/05/24 76.9 98.3 63.1 13.9

18/06/24 74.8 80.2 63.0 11.7

16/07/24 75.0 78.2 63.7 11.3

Table 19 Swimmer’s girth data throughout the periodised 
nutrition intervention

Date Arm 
Relaxed 
(cm)

Waist (cm) Glutes (cm) Thigh (cm) Calf (cm)

31/05/24 31.5 74.5 102.5 58.8 36.3

18/06/24 31.1 73.1 99.6 57.5 36.2

16/07/24 30.5 72.8 100.5 57.5 36.1

Table 20 Swimmer’s food self-reported diary data collected 
during microcycle one

Date Kilocalories 
(kcal)

Carbohydrate 
(g) / (g.kg.bm−1)

Protein (g) / 
(g.kg.bm−1)

Fat (g) 
/ (g.kg.
bm−1)

04/06/24 1783 214 / 2.8 126 / 1.6 42 / 0.5

05/06/24 2178 237 / 3.1 118 / 1.5 84 / 1.1

06/06/24 2315 243 / 3.2 137 / 1.8 91 / 1.2

07/06/24 2369 261 / 3.4 141 / 1.8 84 / 1.1

Table 21 Swimmer’s food self-reported diary data collected 
during microcycle four

Date Kilocalories 
(kcal)

Carbohydrate 
(g) / (g.kg.bm−1)

Protein (g) / 
(g.kg.bm−1)

Fat (g) 
/ (g.kg.
bm−1)

25/06/24 2001 246 / 3.3 103 / 1.4 67 / 0.9

26/06/24 2050 220 / 2.9 134 / 1.8 71 / 0.9

27/06/24 1746 214 / 2.9 107 / 1.4 51 / 0.7

28/06/24 2733 396 / 5.3 132 / 1.8 69 / 0.9
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of food, how much energy and the macronutrient com-
position of it. This goes against the essence that food is 
there to be enjoyed and is a mechanism for connecting 
people and communities [73] and is not the intention 
of the ‘Periodised Nutrition System’. To this extent, the 
nutritionist collaborated with the swimmer to ‘flex’ their 
periodisation to facilitate ‘social engagements’ and ‘meals 
out’. Feedback provided from the swimmer was that this 
was empowering, as there was no ‘guilt’ attached to social 
engagements as these were planned, and there was clarity 
between the performance nutritionist and swimmer. This 
does highlight a limitation of the ‘Periodised Nutrition 
System’, that while you can have a plan, it is impossible 
to be 100 % sure how much energy an athlete is consum-
ing. Similarly, across the repair, fuel, and perform plates, 
fat is fixed at ~25 g. However, when consuming a ‘take-
away meal’ or ‘eating out’ this is likely to be more than 
this. Another limitation may be that the daily energy and 
macronutrient targets appear to have a wide range (i.e. 
~1000 kcal; ~100–150 g CHO; ~50 g PRO; ~30 g FAT). If 
an athlete was to consistently consume the lower end of 
this target, energy intake may not be sufficient, whereas 
if they were to consume the higher end this may be too 
much. An athlete consumes food, containing a combina-
tion of all three macronutrients, and from the authors 
experience, athletes tend to consume in the middle of 
these recommendations (see table  10B). An example in 
practice may be a ‘sustain snack’ which is recommended 
to contain 20–60 g CHO, 0–10 g PRO and 0–10 g FAT. 
However, when translated to food this could be x2 Weet-
abix with 150 ml semi skimmed milk which contains 
209 kcal, 33 g CHO, 10 g PRO, and 3 g FAT. It is unlikely 
that an athlete would ever consume at the lower end of 
the suggested range (e.g. 0 g PRO; 0 g FAT) unless they 
consumed high amounts of non-food products such as 
sports gels and protein powders which generally contain 
high amounts of one macronutrient but limited amounts 
of other macronutrients. The authors also acknowledge 
that the ‘Periodised Nutrition System’ is not an exact sci-
ence. Indeed, there are many variables which can influ-
ence the process such as the accurately estimating of 
energy expenditure, while there are also discrepancies in 
the monitoring process such as inaccurate food diaries. 
Therefore, the ‘Periodised Nutrition System’ should be 
looked at as a tool to enable practitioners to better align 
their nutritional strategies with the training periodisation 
of an athlete and help the athlete to develop a structure to 
their nutrition strategies.

Future research recommendations
Future research should aim to apply the ‘Periodised 
Nutrition System’ in other cohorts of athletes and sports 
to determine its validity. The case study demonstrates 

how the ‘Periodised Nutrition System’ has supported 
three goals of a world class swimmer throughout a meso-
cycle: (1) optimising aquatic profile (microcycles 1–3); 
(2) racing nutrition (microcycle 3); (3) maximising train-
ing adaptations (microcycles 4–6). A limitation is of the 
‘Periodised Nutrition System’ is that it hasn’t been uti-
lised in a hypertrophy or team sport scenario. There-
fore, whether the ‘Periodised Nutrition System’ would be 
appropriate for a Rugby Union player aiming to increase 
lean mass as an example remains to be seen.

An understanding of behaviour change science is 
becoming recognised as an important consideration for 
performance nutritionists [74]. Reflections from the 
swimmer referenced a greater adherence to nutritional 
strategies as the periodisation was bespoke to their train-
ing periodisation and their performance goal(s). They 
felt more motivated to include monitoring tools such 
as food diaries and complete them more accurately as 
they valued the data so that they could make appropri-
ate adjustments if required. The performance nutrition-
ist also experienced an increase in communication with 
the swimmer, most likely due to embedding the ‘Perio-
dised Nutrition System’ and following an athlete cen-
tred approach, empowering them to drive the process, 
increasing the athlete’s motivation. Consequently, future 
research should aim to capture any behaviour changes 
which occur when utilising the ‘Periodised Nutrition 
System’.

Conclusions
The purpose of this case study was to (1) propose a ‘Peri-
odised Nutrition System’ which can be utilised by nutri-
tionists when working with athletes; (2) discuss how this 
can be administered in practice, collaborating with the 
coach, multidisciplinary team and athlete; (3) present 
a case study of the proposed ‘Periodised Nutrition Sys-
tem’ and its utilisation with a world class swimmer in 
the build-up to the 2024 Paris Summer Olympic Games. 
Previous research has highlighted that performance 
nutritionists can typically work in isolation, and this can 
potentially leading to little planning and integration of 
training prescription and nutrition between the nutri-
tionist and multi-disciplinary team [10]. To this extent, 
the ‘Periodised Nutrition System’ enables the practitioner 
to develop structure to their support aligning nutritional 
strategies with the training periodisation of the athlete, 
allowing for an individual approach, specific to the ath-
lete’s performance goal(s) and the desired adaptation of 
a training session. Future research should determine the 
‘Periodised Nutrition Systems’ validity in a variety of 
other athletes and sports as well as capturing any behav-
iour change tools utilised to optimise nutrition support 
provided to athletes.



Page 21 of 23Turner et al. Performance Nutrition             (2025) 1:4  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s44410- 025- 00001-x.

Supplementary Material 1. 

Supplementary Material 2. 

Supplementary Material 3

Supplementary Material 4. 

Supplementary Material 5

Supplementary Material 6. 

Supplementary Material 7. 

Supplementary Material 8. 

Supplementary Material 9. 

Acknowledgements
The authors would like to thank David Hemmings (Loughborough Perfor-
mance Centre Aquatics GB coach) for his role in the development of the ‘Perio-
dised Nutrition System’. His challenge to practitioners to deliver world class 
sports science support alongside his pursuit to provide world class coaching 
to his swimmers has enabled O Turner to reflect and critique his way of work-
ing and develop a system which may achieve better performance outcomes. 
The authors also appreciate the level of detail and planning in the athlete’s 
periodisation plans from David as well as numerous meetings which has 
enabled this system to be developed. The authors would also like to thank: Dr 
Kate Jordan (Chief Medical Officer, Aquatics GB) for supporting the Aquatics 
GB screening process; Michael Pugh (Strength and Conditioning Coach, UKSI) 
for providing periodised conditioning plans, as well as feeding back force 
jump data; Dr Ben Scott (Physiologist, Aquatics GB) for collecting blood lactate 
data and feeding this back; Scott Goadby (Loughborough Performance Centre 
Support Coach, Aquatics GB) and Joe Tomley (Loughborough Performance 
Centre Coach Support, Aquatics GB) for collecting monitoring data.

Authors’ contributions
O Turner, N Mitchell, and R Chessor developed the ‘Periodised Nutrition 
System’. O Turner provided nutrition support to the world class swimmer. O 
Turner drafted the manuscript and oversaw manuscript preparation. N Mitch-
ell and R Chessor assisted with revising the manuscript. All authors read and 
approved the final manuscript.

Funding
No funding was required for this study

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The swimmer and coach were informed about the purpose of the support 
provision, and the first author answered any questions had. Written informed 
consent which adopted the ethical principles described by Sheffield Hallam 
University Ethics Committee was provided by the athlete and coach, and 
consequently both provided consent for the publication of this case study.

Consent for publication
The swimmer and coach were informed about the purpose of the support 
provision, and the first author answered any questions had. Written informed 
consent which adopted the ethical principles described by Sheffield Hallam 
University Ethics Committee was provided by the athlete and coach, and 
consequently both provided consent for the publication of this case study.

Competing Interests
The authors declare no competing interests.

Received: 16 October 2024   Accepted: 5 March 2025

References
 1. Selye H. Stress and the general adaptation syndrome. Br Med J. 

1950;1:1383–92. https:// doi. org/ 10. 1136/ bmj.1. 4667. 1383.
 2. Bompa TO, Buzzichelli C. Periodization: Theory and methodology of train-

ing. Champaign, IL: Human Kinetics; 2019.
 3. Fleck SJ. Periodized Strength Training: A Critical Review. Journal of 

strength and conditioning research. 1999;13(1):82–9.
 4. Seiler S. What is best practice for training intensity and duration distribu-

tion in endurance athletes? International journal of sports physiology and 
performance. 2010;5(3):276–91.

 5. González-Ravé JM, Hermosilla F, González-Mohíno F, Casado A, Pyne DB. 
Training Intensity Distribution, Training Volume, and Periodization Models 
in Elite Swimmers: A Systematic Review. International journal of sports 
physiology and performance. 2021;16(7):1–926.

 6. Casado A, González-Mohíno F, González-Ravé JM, Foster C. Training Perio-
dization, Methods, Intensity Distribution, and Volume in Highly Trained 
and Elite Distance Runners: A Systematic Review. International journal of 
sports physiology and performance. 2022;17(6):820–33.

 7. Jeukendrup AE, Gleeson M. Sport nutrition. Champaign, IL: Human Kinet-
ics; 2019.

 8. Maughan RJ, Burke LM, Dvorak J, et al. IOC consensus statement: dietary 
supplements and the high-performance athlete. Br J Sports Med. 
2018;52(7):439–55. https:// doi. org/ 10. 1136/ bjspo rts- 2018- 099027.

 9. Stellingwerff T, Boit MK, Res PT. Nutritional strategies to optimize training 
and racing in middle-distance athletes. J Sports Sci. 2007;25:S17–28.

 10. Jeukendrup AE. Periodized Nutrition for Athletes. Sports Med. 
2017;47:51–63.

 11. Stellingwerff T, Morton JP, Burke LM. A Framework for Periodized Nutrition 
for Athletics. Int J Sport Nutr Exerc Metab. 2019;29(2):1–151.

 12. Phillips SM, Van Loon LJC. Dietary protein for athletes: From requirements 
to optimum adaptation. J Sports Sci. 2011;29:S29–38.

 13. Mettler S, Mitchell N, Tipton KD. Increased protein intake reduces lean 
body mass loss during weight loss in athletes. Med Sci Sports Exerc. 
2010;42(2):326–37.

 14. Kerksick CM, Wilborn CD, Roberts MD, Smith-Ryan A, Kleiner SM, Jäger R, 
et al. ISSN exercise & sports nutrition review update: research & recom-
mendations. Journal of the International Society of Sports Nutrition. 
2018;15(1):38.

 15. Burke LM, Hawley JA, Wong SHS, Jeukendrup AE. Carbohydrates for train-
ing and competition. J Sports Sci. 2011;29:S17–27.

 16. Hearris MA, Hammond KM, Fell JM, Morton JP. Regulation of Muscle 
Glycogen Metabolism during Exercise: Implications for Endurance Perfor-
mance and Training Adaptations. Nutrients. 2018;10(3):298.

 17. van Loon LJ, Greenhaff PL, Constantin-Teodosiu D, Saris WH, Wagenmak-
ers AJ. The effects of increasing exercise intensity on muscle fuel utilisa-
tion in humans. J Physiol. 2001;536(1):295–304.

 18. Steinberg GR, Watt MJ, McGee SL, Chan S, Hargreaves M, Febbraio MA, 
et al. Reduced glycogen availability is associated with increased AMPKal-
pha2 activity, nuclear AMPKalpha2 protein abundance, and GLUT4 mRNA 
expression in contracting human skeletal muscle. Applied physiology, 
nutrition, and metabolism. 2006;31(3):302–12.

 19. Wojtaszewski JF, MacDonald C, Nielsen JN, Hellsten Y, Hardie DG, Kemp 
BE, Kiens B, Richter EA. Regulation of 5’AMP-activated protein kinase 
activity and substrate utilization in exercising human skeletal muscle. Am 
J Physiol Endocrinol Metab. 2003;284(4):E813-22. https:// doi. org/ 10. 1152/ 
ajpen do. 00436. 2002.

 20. Yeo WK, McGee SL, Carey AL, Paton CD, Garnham AP, Hargreaves M, et al. 
Acute signalling responses to intense endurance training commenced 
with low or normal muscle glycogen. Exp Physiol. 2010;95(2):351–8.

 21. Civitarese AE, Hesselink MK, Russell AP, Ravussin E, Schrauwen P. Glucose 
ingestion during exercise blunts exercise-induced gene expression of 
skeletal muscle fat oxidative genes. Am J Physiol Endocrinol Metab. 
2005;289(6):E1023-9. https:// doi. org/ 10. 1152/ ajpen do. 00193. 2005.

 22. Akerstrom TCA, Birk JB, Klein DK, Erikstrup C, Plomgaard P, Pedersen BK, 
et al. Oral glucose ingestion attenuates exercise-induced activation of 

https://doi.org/10.1186/s44410-025-00001-x
https://doi.org/10.1186/s44410-025-00001-x
https://doi.org/10.1136/bmj.1.4667.1383
https://doi.org/10.1136/bjsports-2018-099027
https://doi.org/10.1152/ajpendo.00436.2002
https://doi.org/10.1152/ajpendo.00436.2002
https://doi.org/10.1152/ajpendo.00193.2005


Page 22 of 23Turner et al. Performance Nutrition             (2025) 1:4 

5′-AMP-activated protein kinase in human skeletal muscle. Biochem 
Biophys Res Commun. 2006;342(3):949–55.

 23. Cluberton LJ, McGee SL, Murphy RM, Hargreaves M. Effect of carbo-
hydrate ingestion on exercise-induced alterations in metabolic gene 
expression. J Appl Physiol (1985). 2005 Oct;99(4):1359-63. https:// doi. org/ 
10. 1152/ jappl physi ol. 00197. 2005.

 24. Chan MHS, McGee SL, Watt MJ, Hargreaves M, Febbraio MA. Altering 
dietary nutrient intake that reduces glycogen content leads to phospho-
rylation of nuclear p38 MAP kinase in human skeletal muscle: associa-
tion with IL-6 gene transcription during contraction. The FASEB journal. 
2004;18(14):1785–7.

 25. Pilegaard H, Osada T, Andersen LT, Helge JW, Saltin B, Neufer PD. Substrate 
availability and transcriptional regulation of metabolic genes in human 
skeletal muscle during recovery from exercise. Metabolism, clinical and 
experimental. 2005;54(8):1048–55.

 26. Impey SG, Hammond KM, Shepherd SO, Sharples AP, Stewart C, Limb 
M, et al. Fuel for the work required: a practical approach to amalgamat-
ing train‐low paradigms for endurance athletes. Physiological reports 
2016;4(10):e12803–n/a.

 27. Bartlett JD, Louhelainen J, Iqbal Z, Cochran AJ, Gibala MJ, Gregson W, 
Close GL, Drust B, Morton JP. Reduced carbohydrate availability enhances 
exercise-induced p53 signaling in human skeletal muscle: implications 
for mitochondrial biogenesis. Am J Physiol Regul Integr Comp Physiol. 
2013;304(6):R450-8. https:// doi. org/ 10. 1152/ ajpre gu. 00498. 2012.

 28. Cochran AJ, Little JP, Tarnopolsky MA, Gibala MJ. Carbohydrate feed-
ing during recovery alters the skeletal muscle metabolic response to 
repeated sessions of high-intensity interval exercise in humans. J Appl 
Physiol. 2010;108(3):628–36. https:// doi. org/ 10. 1152/ jappl physi ol. 00659. 
2009.

 29. Psilander N, Frank P, Flockhart M, Sahlin K. Exercise with low glycogen 
increases PGC-1α gene expression in human skeletal muscle. Eur J Appl 
Physiol. 2013;113(4):951–63.

 30. Hansen AK, Fischer C, Plomgaard P, Andersen JL, Saltin B, Pedersen BK. 
Skeletal muscle adaptation: training twice every second day versus train-
ing once daily. Scand J Med Sci Sports. 2005;15(1):65–6.

 31. Yeo WK, Paton CD, Garnham AP, Burke LM, Carey AL, Hawley JA. Skeletal 
muscle adaptation and performance responses to once a day versus 
twice every second day endurance training regimens. J Appl Physiol 
(1985). 2008 Nov;105(5):1462-70. https:// doi. org/ 10. 1152/ jappl physi ol. 
90882. 2008

 32. Morton JP, Croft L, Bartlett JD, Maclaren DP, Reilly T, Evans L, McArdle A, 
Drust B. Reduced carbohydrate availability does not modulate training-
induced heat shock protein adaptations but does upregulate oxida-
tive enzyme activity in human skeletal muscle. J Appl Physiol (1985). 
2009;106(5):1513-21. https:// doi. org/ 10. 1152/ jappl physi ol. 00003. 2009.

 33. Van Proeyen K, Szlufcik K, Nielens H, Ramaekers M, Hespel P. Beneficial 
metabolic adaptations due to endurance exercise training in the fasted 
state. J Appl Physiol (1985). 2011;110(1):236-45. https:// doi. org/ 10. 1152/ 
jappl physi ol. 00907. 2010

 34. Hearris MA, Hammond KM, Fell JM, Morton JP. Regulation of Muscle 
Glycogen Metabolism during Exercise: Implications for Endurance Perfor-
mance and Training Adaptations. Nutrients. 2018;10(3):298.

 35. Horowitz JF, Mora-Rodriguez R, Byerley LO, Coyle EF. Lipolytic suppression 
following carbohydrate ingestion limits fat oxidation during exercise. Am 
J Physiol. 1997;273(4):E768-75. https:// doi. org/ 10. 1152/ ajpen do. 1997. 
273.4. E768.

 36. Hulston CJ, Venables MC, Mann CH, Martin C, Philp A, Baar K, et al. Train-
ing with Low Muscle Glycogen Enhances Fat Metabolism in Well-Trained 
Cyclists. Med Sci Sports Exerc. 2010;42(11):2046–55.

 37. Impey SG, Hearris MA, Hammond KM, Bartlett JD, Louis J, Close GL, et al. 
Fuel for the Work Required: A Theoretical Framework for Carbohydrate 
Periodization and the Glycogen Threshold Hypothesis. Sports Med. 
2018;48(5):1031–48.

 38. Gejl KD, Nybo L. Performance effects of periodized carbohydrate restric-
tion in endurance trained athletes - a systematic review and meta-analy-
sis. J Int Soc Sports Nutr. 2021;18(1):37.

 39. Podlogar T, Wallis GA. New Horizons in Carbohydrate Research and Appli-
cation for Endurance Athletes. Sports Med. 2022;52(1):5–23.

 40. Bishop DJ, Botella J, Granata C. CrossTalk opposing view: Exercise training 
volume is more important than training intensity to promote increases in 
mitochondrial content. J Physiol. 2019;597(16):4115–8.

 41. Stellingwerff T, Peeling P, Garvican-Lewis LA, Hall R, Koivisto AE, Heikura 
IA, Burke LM. Nutrition and Altitude: Strategies to Enhance Adaptation, 
Improve Performance and Maintain Health: A Narrative Review. Sports 
Med. 2019;49:169–84. https:// doi. org/ 10. 1007/ s40279- 019- 01159-w.

 42. Rojano-Ortega D, Peña-Amaro J, Berral-Aguilar AJ, Berral-de la Rosa FJ. 
Quercetin supplementation promotes recovery after exercise-induced 
muscle damage: a systematic review and meta-analysis of randomized 
controlled trials. Biol Sport. 2023;40(3):813-825.

 43. Kreider RB, Kalman DS, Antonio J, et al. International Society of Sports 
Nutrition position stand: safety and efficacy of creatine supplementation 
in exercise, sport, and medicine. J Int Soc Sports Nutr. 2017;14:18.

 44. Roberts PA, Fox J, Peirce N, Jones SW, Casey A, Greenhaff PL. Creatine 
ingestion augments dietary carbohydrate mediated muscle glycogen 
supercompensation during the initial 24 h of recovery following pro-
longed exhaustive exercise in humans. Amino Acids. 2016;48(8):1831–42.

 45. Close GL, Kasper AM, Morton JP. From Paper to Podium: Quantifying the 
Translational Potential of Performance Nutrition Research. Sports Med. 
2019;49:25–37.

 46. Rollo I, Carter JM, Close GL, et al. Role of sports psychology and sports 
nutrition in return to play from musculoskeletal injuries in professional 
soccer: an interdisciplinary approach. Eur J Sport Sci. 2021;21(7):1054–63.

 47. Reguant-Closa A, Harris MM, Lohman TG, Meyer NL. Validation of the 
Athlete’s Plate Nutrition Educational Tool: Phase I. Int J Sport Nutr Exerc 
Metab. 2019;29(6):628–35.

 48. McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey 
V, et al. Defining Training and Performance Caliber: A Participant Clas-
sification Framework. International journal of sports physiology and 
performance. 2022;17(2):317–31.

 49. Aragon AA, Schoenfeld BJ, Wildman R, Kleiner S, VanDusseldorp T, Taylor 
L, et al. International society of sports nutrition position stand: diets and 
body composition. Journal of the International Society of Sports Nutri-
tion. 2017;14(1):16.

 50. Mountjoy M, Ackerman KE, Bailey DM, Burke LM, Constantini N, Hackney 
AC, et al. 2023 International Olympic Committee’s (IOC) consensus 
statement on Relative Energy Deficiency in Sport (REDs). Br J Sports Med. 
2023;57(17):1073–98.

 51. Mtaweh H, Tuira L, Floh AA, Parshuram CS. Indirect calorimetry: history, 
technology, and application. Front Pediatr. 2018;6:257.

 52. Achten J, Jeukendrup AE. Heart rate monitoring: applications and limita-
tions. Sports Med. 2003;33(7):517–38.

 53. Rothschild JA, Hofmeyr S, McLaren SJ, Maunder E. A novel method to 
predict carbohydrate and energy expenditure during endurance exercise 
using measures of training load. Sports Med. 2024.

 54. Shaw G, Boyd KT, Burke LM, Koivisto A. Nutrition for swimming. Int J Sport 
Nutr Exerc Metab. 2014;24(4):360–72.

 55. Chanson, H. Applied hydrodynamics : An introduction. Boca Raton, FL: 
CRC Press. 2013. https:// doi. org/ 10. 1201/ b15793

 56. Bentley MRN, Patterson LB, Mitchell N, Backhouse SH. Athlete perspec-
tives on the enablers and barriers to nutritional adherence in high-perfor-
mance sport. Psychol Sport Exerc. 2021;52:101831.

 57. Mathisen TF, Ackland T, Burke LM, Constantini N, Haudum J, Mac-
naughton LS, et al. Best practice recommendations for body composition 
considerations in sport to reduce health and performance risks: a critical 
review, original survey and expert opinion by a subgroup of the IOC 
consensus on Relative Energy Deficiency in Sport (REDs). Br J Sports Med. 
2023;57(17):1148–60.

 58. Crotty NM, Boland M, Mahony N, Donne B, Fleming N. Reliability and 
Validity of the Lactate Pro 2 Analyzer. Measurement in Physical Education 
and Exercise Science. 2021;25(3):202–11.

 59. Claudino JG, Cronin J, Mezêncio B, et al. The countermovement jump 
to monitor neuromuscular status: A meta-analysis. J Sci Med Sport. 
2017;20(4):397–402.

 60. Foster C, Florhaug JA, Franklin J, et al. A new approach to monitoring 
exercise training. J Strength Cond Res. 2001;15(1):109–15.

 61. Marfell-Jones, M., Stewart, A., & Olds, T. Kinanthropometry IX: Proceedings of 
the 9th international conference of the international society for the advance-
ment of kinanthropometry. Florence: Routledge. 2006. https:// doi. org/ 10. 
4324/ 97802 03970 157

 62. Kasper AM, Langan-Evans C, Hudson JF, Brownlee TE, Harper LD, 
Naughton RJ, et al. Come Back Skinfolds, All Is Forgiven: A Narrative 

https://doi.org/10.1152/japplphysiol.00197.2005
https://doi.org/10.1152/japplphysiol.00197.2005
https://doi.org/10.1152/ajpregu.00498.2012
https://doi.org/10.1152/japplphysiol.00659.2009
https://doi.org/10.1152/japplphysiol.00659.2009
https://doi.org/10.1152/japplphysiol.90882.2008
https://doi.org/10.1152/japplphysiol.90882.2008
https://doi.org/10.1152/japplphysiol.00003.2009
https://doi.org/10.1152/japplphysiol.00907.2010
https://doi.org/10.1152/japplphysiol.00907.2010
https://doi.org/10.1152/ajpendo.1997.273.4.E768
https://doi.org/10.1152/ajpendo.1997.273.4.E768
https://doi.org/10.1007/s40279-019-01159-w
https://doi.org/10.1201/b15793
https://doi.org/10.4324/9780203970157
https://doi.org/10.4324/9780203970157


Page 23 of 23Turner et al. Performance Nutrition             (2025) 1:4  

Review of the Efficacy of Common Body Composition Methods in 
Applied Sports Practice. Nutrients. 2021;13(4):1075.

 63. Stachenfeld NS. Sex hormone effects on body fluid regulation. Exerc 
Sport Sci Rev. 2008;36(3):152–9.

 64. Van Der Ploeg GE, Gunn SM, Withers RT, Modra AC. Use of anthropomet-
ric variables to predict relative body fat determined by a four-compart-
ment body composition model. Eur J Clin Nutr. 2003;57(8):1009–16.

 65. Bingham SA, Gill C, Welch A, Day K, Cassidy A, Khaw KT, et al. Comparison 
of dietary assessment methods in nutritional epidemiology: weighed 
records v. 24 h recalls, food-frequency questionnaires and estimated-diet 
records. Br J Nutr. 1994;72(4):619–643.

 66. Costello N, Deighton K, Dyson J, Mckenna J, Jones B. Snap-N-Send: A valid 
and reliable method for assessing the energy intake of elite adolescent 
athletes. EJSS/European journal of sport science. 2017;17(8):1044–55.

 67. Bilal RM, Liu C, Zhao H, Wang Y, Farag MR, Alagawany M, et al. Olive oil: 
nutritional applications, beneficial health aspects and its prospective 
application in poultry production. Front Pharmacol. 2021;12:723040.

 68. Huntley E, Cropley B, Gilbourne D, Sparkes A, Knowles Z. Reflecting back 
and forwards: an evaluation of peer-reviewed reflective practice research 
in sport. Reflective practice. 2014;15(6):863–76.

 69. British Dietetics Association (2022) Competency Framework for the Sport 
and Exercise Nutrition Register (SENr). [online]. https:// www. bda. uk. com/ 
static/ 04096 56d- 5189- 4a7e- 9e457 01aa7 d2533f/ SENR- Compe tency- 
Frame work- 2022. pdf

 70. Jones AM, Thompson C, Wylie LJ, Vanhatalo A. Dietary Nitrate and Physi-
cal Performance. Annu Rev Nutr. 2018;38(1):303–28.

 71. Guest NS, VanDusseldorp TA, Nelson MT, Grgic J, Schoenfeld BJ, Jenkins 
NDM, et al. International society of sports nutrition position stand: caf-
feine and exercise performance. Journal of the International Society of 
Sports Nutrition. 2021;18(1):1.

 72. Grgic J, Pedisic Z, Saunders B, Artioli GG, Schoenfeld BJ, McKenna MJ, 
et al. International Society of Sports Nutrition position stand: sodium 
bicarbonate and exercise performance. Journal of the International 
Society of Sports Nutrition. 2021;18(1):61.

 73. Dunbar RIM. Breaking Bread: the Functions of Social Eating. Adaptive 
Human Behavior and Physiology. 2017;3(3):198–211.

 74. Bentley MRN, Mitchell N, Backhouse SH. Sports nutrition interventions: 
A systematic review of behavioural strategies used to promote dietary 
behaviour change in athletes. Appetite. 2020;150:104645.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ollie Turner is a Senior Performance Nutritionist at the UK Sports 
Institute working with Aquatics GB providing nutrition support to 
Olympic and Paralympic swimmers.

Richard Chessor is the Head of Physical Performance at Aquatics 
GB.

Nigel Mitchell is a Technical Lead Performance Nutritionist at the 
UK Sports Institute. He is also the Lead Performance Nutrition con-
sultant for British Athletics and a Senior Lecturer at Leeds Beckett 
University.

https://www.bda.uk.com/static/0409656d-5189-4a7e-9e45701aa7d2533f/SENR-Competency-Framework-2022.pdf
https://www.bda.uk.com/static/0409656d-5189-4a7e-9e45701aa7d2533f/SENR-Competency-Framework-2022.pdf
https://www.bda.uk.com/static/0409656d-5189-4a7e-9e45701aa7d2533f/SENR-Competency-Framework-2022.pdf

	Fuelling gold medals: developing a ‘periodised nutrition system’ for elite athletes and applying it in practice
	Abstract 
	Introduction
	‘Periodised Nutrition System’

	From Theory to Practice: ‘’Periodised Nutrition System’ Case Study with a World Class Level Swimmer
	Athlete Profile
	Athlete Performance Goal(s)
	Training Periodisation
	Nutrition Periodisation Intervention & Plans
	Monitoring & refinement
	Capillary blood samples
	Countermovement jumps
	Rating of perceived exertion
	Wellness data
	Team meetings and anecdotal feedback
	Body composition assessments
	Self-Reported food diaries

	Intervention outcomes
	Capillary blood samples
	Body Composition
	Food diary


	Discussion & Practitioner reflections
	Future research recommendations
	Conclusions
	Acknowledgements
	References


