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Abstract
Background  Body mass and composition (fat and fat-free mass) manipulation is a common practice in sport, yet it can pose 
significant risks to athlete health and wellbeing. Practitioners must continually adapt to the growing body of evidence to 
implement safe, effective and context-specific practice.
Objective  This scoping review aimed to summarise dietary recommendations for altering body mass or composition in male 
and female, adult non-disabled athletes and appraise how these expert-group led recommendations have evolved over time.
Methods  Electronic databases, including SCOPUS, PubMed, SPORTDiscus, CINAHL Complete and APA PsycINFO were 
searched (last search 2 August 2024) without date restrictions. Papers were included if they provided dietary recommen-
dations for altering body mass or composition in adult non-disabled athlete populations and were published by an expert 
organisation.
Results  From 6068 records screened, 73 documents were included, comprising 45 consensus statements, 27 position stands 
and 1 practice guideline, endorsed by 14 organisations and developed by 328 experts from 25 countries. Athletics (n = 19), 
aquatics (n = 7) and team sports (n = 5) were the most represented, leaving many sports underrepresented. A total of 50 docu-
ments were standalone rather than part of an updated series. Only 40 papers addressed specific targets, rates or timing of 
outcome changes. Individualised, realistic and health-focussed targets were recommended, aligned with the athlete’s sport, 
position, sex, age and competition phase, with gradual changes (e.g. 0.5–1.0 kg/week fat loss) to enhance performance. Com-
mon strategies for altering body mass and composition included creating an energy surplus (500–1000 kcal/day) or deficit 
(250–1000 kcal/day), maintaining energy availability above 30 kcal/kg fat-free mass/day, and periodising carbohydrate intake 
(3–12 g/kg/day) on the basis of training demands. Protein intake (1.6–2.4 g/kg/day) was recommended across 4–6 feeds 
from high-quality sources, alongside targeted supplements such as creatine, whey protein and a multi-vitamin and mineral. 
Recommendations focussed minimal attention on nutrients such as fats, fibre or micronutrients, and the language used was 
often vague, leaving significant room for interpretation.
Conclusions  Developing sport-specific, behaviourally anchored and regularly updated dietary recommendations, informed 
by athlete and multidisciplinary team input, is recommended. This approach would provide actionable, athlete-centred strate-
gies that effectively support body composition goals whilst prioritising health, wellbeing and performance. OSF Registration 
https://​doi.​org/​10.​17605/​OSF.​IO/​B4YJT
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Key Points 

1. Most recommendations emphasised the importance 
of safety in practice: engage a qualified sport dietitian or 
nutritionist; individualise outcome and dietary targets; 
adhere to basic dietary principles, such as adjusting calo-
rie and protein intakes, with most supplements deemed 
unnecessary; and ensure a minimum energy availability 
target of 30 kcal/kg fat-free mass/day to support athlete 
health.

2. This review highlighted that body composition recom-
mendations are rarely specified in precise behavioural 
terms, such as specifying what, who, when, where and 
how (using active verbs). An opportunity to embed 
a more behavioural approach was identified, making 
recommendations more practical and implementable for 
both athletes and practitioners.

3. Developing recommendations for body mass or 
composition manipulation is only one step in enabling a 
healthy environment for athletes to achieve their athletic 
pursuits. Further research on the extent to which such 
recommendations are put into practice and what factors 
influence their implementation would further advance 
sport and exercise nutrition policy and practice.

1  Introduction

Body mass and body composition (fat and fat-free mass) 
manipulation are widely practiced in sport, but do not 
always prioritise athlete health and wellbeing. Such prac-
tices are used to monitor physical changes [1], assess 
training interventions [2, 3] and evaluate dietary intake 
[4]. In some sports, manipulating body composition can 
influence performance involvement (e.g. making weight 
in weight-category sports [5, 6]), improve underlying 
performance indicators (e.g. increasing power:mass ratio 
to augment running economy [7]) or directly impact per-
formance outcomes (e.g. increasing body mass to support 
collision dominance in contact sports [8]). However, the 
current practice of athlete body mass and composition 
manipulation has raised health and wellbeing concerns 
[3, 9–11]. For example, athletes have reported inappropri-
ate body monitoring and body shaming, leading to eat-
ing disorders [12, 13], whilst others highlight the use of 
prohibited substances to alter body mass, fat and fat-free 
mass [14]. Over the past decade, practitioners in elite 
environments have become increasingly concerned about 

the emphasis placed on body composition, which may 
heighten the risk of body dissatisfaction, disordered eat-
ing, eating disorders and problematic low energy avail-
ability, leading to relative energy deficiency in sport 
(REDs) [15]. The need to create safer sporting environ-
ments that prioritise athlete health, performance and 
welfare has therefore been called for [3, 13, 16]. Within 
such environments, the implementation of evidence-based 
guidelines that give equal weighting to athlete health, 
wellbeing and performance is required.

The International Olympic Committee have recently 
published best practice recommendations for the process of 
body composition assessment and monitoring in sport to 
reduce health and performance risks [15]. These recommen-
dations provide professional guidelines on the process prior 
to dietary intervention, including assessment justification, 
consent, method selection, data capture and interpretation, 
reporting and appropriate communication and monitoring 
[15]. It is also advised that the multidisciplinary support 
team involved in this process should include as a minimum 
a qualified, experienced sports dietitian/nutritionist, sports 
physiologist/strength coach, psychologist and sports med-
icine physician [15]. A key role of the sport nutritionist/
dietitian in this context is to advise on dietary interventions 
to manipulate body mass or composition, applying recom-
mendations from sport or nutrition governing bodies, insti-
tutes of sport or nutrition and sport councils [17–19]. As 
such, guidance documents serve as crucial tools for informed 
decision-making in the sporting environment and ensuring 
athlete health and wellbeing.

Given the wide range of sports and the numerous expert 
organisations developing guidance documents, a compre-
hensive summary of dietary recommendations to manipulate 
body mass or composition, applicable to male and female 
adult athletes, is required. Scoping reviews are an ideal tool 
to determine the scope and coverage of existing literature, 
providing insights into the volume, focus and extent of 
research on a topic [20, 21]. A scoping review can then act as 
a precursor to a sporting organisation conducting their own 
systematic review to produce bespoke recommendations for 
that sport. Consequently, the objective of this scoping review 
is to identify and collate all dietary recommendations from 
expert groups for altering body mass or composition in ath-
letes and to examine how recommendations have changed 
over time. Secondly, this review aims to identify and analyse 
gaps in the literature to inform future research.

2 � Methods

The methodology for this scoping review was conducted on 
the basis of the five stages outlined by Arksey and O’Malley 
[22], including the updated framework by Levac et al. [23] 
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and methodological guidance from the Joanna Briggs Insti-
tute [21, 24]. The Preferred Reporting Items for Systematic 
Reviews and Meta-analysis extension for Scoping Reviews 
(PRISMA-ScR) guidelines and checklist were followed for 
reporting the results [25]. All items of the reporting guide-
lines were included (see supplementary information 1). A 
critical appraisal (items 12 and 16) was not conducted, as 
this is optional in scoping reviews, and our purpose was to 
provide an overview of the existing evidence regardless of 
methodological quality or risk of bias [25]. A review pro-
tocol was developed prior to commencing this study and 
registered online on Open Science Framework (https://​doi.​
org/​10.​17605/​OSF.​IO/​B4YJT).

2.1 � Stage 1: Identifying the Research Question

The following research question was identified, considering 
the population, concept and context:

What are the dietary recommendations from expert 
groups for altering body mass or composition (including 
fat mass and fat-free mass) in male and female adult non-
disabled athletes across all sports?

2.2 � Stage 2 Identifying Relevant Studies

2.2.1 � Inclusion Criteria

Inclusion criteria included peer-reviewed papers from any 
country and published in the English language. Papers 
were eligible for inclusion if they provided dietary rec-
ommendations for altering body mass or composition at 
any level of athletic populations (tiers 1–5 [26]). Papers 
with recommendations for both male and female athletes 
over 18 years of age were included. Body composition 
was defined as fat mass and fat-free mass following the 
definitions of Wang et al. [27] and Buckinx et al. [28], 
as these components are measurable by practitioners and 
typically implied when targeting change. However, due 
to the heterogeneity and inconsistency of language used 
in the literature to describe fat-free mass, all synonyms 
were included, for example, muscle mass, lean mass or 
muscle protein. Similarly, all synonyms for the process of 
increasing (e.g. gain, build, grow) body or fat-free mass, 
or decreasing (e.g. drop, lose, reduce) body or fat mass 
were included.

Papers were included if they were endorsed by an 
established group or organisation that had practitioner 
or research expertise in nutrition or dietetics, medi-
cine, sport science or sport. Organisations included for 
example, sport governing bodies, nutrition/dietetic pro-
fessional bodies, institutes of sport or nutrition, sport 
councils and Olympic Associations. These organisations 
were responsible for defining expertise of those involved 

in recommendation development. Policy documents 
encompassed practice guidelines, consensus statements 
(or review papers from consensus conferences) and posi-
tion stands.

2.2.2 � Exclusion Criteria

Papers were excluded if they had an incompatible study 
design, for example, validation or comparison studies, 
cross-sectional or intervention studies, literature or narra-
tive review, systematic or scoping reviews, meta-analysis, 
abstracts, book chapters and conference proceeding. Papers 
were also excluded if they only included recommendations 
for non-athletes or sedentary individuals (tier 0, [26]), mili-
tary personnel, athletes with disabilities, pregnant athletes 
or athletes with clinical disorders. Papers with recommenda-
tions on the use of substances prohibited by the World Anti-
Doping Agency were also excluded. When authors could 
not be contacted to retrieve full texts, papers were excluded.

2.2.3 � Search Strategy and Databases

Electronic databases SCOPUS, PubMed, SPORTDiscus, 
CINAHL Complete and APA PsycINFO were searched for 
relevant papers without date restrictions and in the English 
language only (search conducted 19 May 2023 and repeated 
2 August 2024). The search strategy included the following 
keyword string: (‘athlet*’ OR ‘player*’ OR ‘sport*’) AND 
(‘body composition’ OR ‘anthro*’ OR ‘weight’ OR ‘mass’ 
OR ‘fat’ OR ‘muscle’ OR ‘hypertrophy’ OR ‘performance’) 
AND (‘nutrition’ OR ‘diet’ OR ‘food’) AND (‘guid*’ OR 
‘recommend*’ OR ‘position stand’ OR ‘position statement’ 
OR ‘consensus’) NOT (‘adoles*’ OR ‘youth’ OR ‘junior’). 
Reference lists of selected papers were manually searched 
for eligible papers to ensure an exhaustive search. The search 
strategy of all identified keywords and index terms was 
adapted for each individual database (see Supplementary 
Information 2 for example of search strategy used).

2.3 � Stage 3: Study Selection

Search results were uploaded to Covidence systematic 
review software (Veritas Health Innovation, Melbourne, 
Australia), and duplicates were removed both automatically 
and manually. A two-stage screening process was used to 
select studies: title and abstract, and full text. Initially, title 
and abstract screening were piloted with 10% of records to 
ensure reliability between authors. Subsequently, all records 
were screened against eligibility criteria independently by 
L.D. and N.C. Full-text publications were then retrieved for 
the remaining records and screened for inclusion by the same 
authors. Any conflicts at each stage of the screening pro-
cess were resolved through discussion between the authors 
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or with S.B. The final full-text publications (n = 73) went 
through the data charting and extraction process. The results 
of this search and study inclusion process are reported in full 
in the results section and are presented in a PRISMA-ScR 
flow diagram (Fig. 1).

2.4 � Stage 4: Charting the Data

Covidence systematic review software was used for the 
extraction and charting process. A data extraction template 
was developed and reviewed iteratively by the research 
team, with piloting on five papers by L.D. and N.C. to 
ensure reliability. Both authors were registered practition-
ers with the Sport and Exercise Nutrition Register (SENR) 
and practicing nutritionists in elite sport. Following this, 
full data extraction was completed by L.D., however, dis-
cussions took place with the research team when ques-
tions arose about the data charting process. General char-
acteristics (year of publication, authors and country of 

residence, members of expert group, name of organisation, 
type of study, aims of study, target population, conflicts 
and funding information) were extracted. Data related to 
the development of recommendations and the process of 
gaining consensus were also extracted. When a paper did 
not include the consensus process or expert panel members 
but was an outcome of a wider consensus conference, this 
information was extracted from the parent protocol paper. 
The dietary recommendations for increasing and decreas-
ing body mass and/or body composition was extracted.

2.5 � Stage 5: Collating, Summarising and Reporting

Since scoping reviews focus on mapping the existing lit-
erature rather than producing specific results or outcomes 
[21], data were summarised and presented descriptively in 
tables and figures. Paper characteristics and the process of 
developing the recommendations were outlined together. 
The level of athlete described was not detailed enough to 

Fig. 1   PRISMA-SCR flow 
diagram for paper inclusion
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categorise levels on the basis of the McKay tiered system 
[26], therefore the phrases used by each paper was kept. Rec-
ommendations describing the process of creating body mass 
and composition goals, including the end targets, rate of 
change or time of year, were organised separately. Diet and 
supplement recommendations were categorised on the basis 
of the objective of either increasing body or fat-free mass 
or decreasing body or fat mass. Recommendations that did 
not specify a particular target (i.e. those focussing on ‘opti-
mising’ body composition without clear indication of what 
change is being made to body mass, fat and fat-free mass) 
were included in both categories. Guidance that included 
a combination of changes, for example, increasing fat-free 
mass at the same time as decreasing fat mass, were also 
included in both categories. The language used in papers 
to describe recommendations was preserved regardless of 
accuracy, for example, synonyms for fat-free mass were kept 
consistent (e.g. muscle mass or lean mass). Descriptors were 
only altered to improve conciseness or clarity.

3 � Results

3.1 � Search Results

The full electronic search yielded 6068 records (5385 
from original and 596 from repeat search), with 73 papers 
(4,29–100) identified for inclusion in the review after the 
removal of duplicates and screening for eligibility. Figure 1 
presents a flow diagram detailing the process from study 
identification.

3.2 � Paper Characteristics

Table 1 summarises the characteristics of all papers included 
in this study: five papers were published in the 1990 s, 20 in 
the 2000 s, 39 in the 2010 s and nine in the 2020s. A total of 
14 organisations endorsed the recommendations, with the 
majority of papers (n = 56) being developed by four interna-
tional sporting or nutrition organisations: the International 
Association of Athletics Federation (now World Athletics) 
(n = 19), the International Olympic Committee (n = 15), the 
International Society of Sports Nutrition (n = 15) and the 
Federation Internationale de Nataton (now World Aquatics) 
(n = 7) (Table 1). Most organisations were either interna-
tional (n = 48) or based in the USA (n = 21) (Table 1). Fig-
ure 2 shows a timeline of the number of papers published 
each year according to organisation.

The review includes three types of recommendation 
papers: 45 consensus statements, 27 position stands, and 
one expert practice guideline (Table 1). Of the 73 papers, 23 

were part of a series of updated recommendations (Table 1). 
In total, there were 328 authors, with the most frequent con-
tributors being Professor Jose Antonio (USA) (n = 15), Pro-
fessor Louise M. Burke (Australia) (n = 15), Professor Bill I. 
Campbell (USA) (n = 14) and Professor Richard B. Kreider 
(USA) (n = 14) (Table 1).

Figure 3 illustrates the global distribution of all authors, 
with the most common countries represented being the 
USA (n = 138), the United Kingdom (n = 43), Portugal 
(n = 28), Australia (n = 27), Canada (n = 22), Germany 
(n = 16) and Switzerland (n = 12). Most papers involved 
30–50 experts (n = 24) (Table 1). A multidisciplinary team 
(MDT) of experts, including two or more disciplines, was 
involved in 35 papers, whilst seven papers involved experts 
from one discipline alone, mostly dietitians or nutritionists. 
The professional background of experts was unclear in 31 
papers. Four papers from the same conference included 
one athlete in their MDT of experts when developing 
recommendations.

Expert conferences were used to create consensus, com-
municated via 30 papers (Table 1). The use of an evidence-
grading system and literature review was not consistently 
applied; 60 papers did not clearly state the use of an evi-
dence-grading system and 50 papers did not state if they 
completed a literature review (Table 1). A similar number 
of papers focussed on general athlete recommendations 
(n = 34) versus sport specific (n = 39) (Table 1). Amongst 
those that did specify a sport, the most common catego-
ries included: athletics (n = 19), aquatic sports (n = 7), team 
sports (n = 5) and weight category sports (n = 4).

A total of 45 papers did not state the level of athlete tar-
geted by the recommendations (Table 1). The two most fre-
quent descriptors of level of athlete included ‘competitive 
and recreational’ (n = 11) and ‘elite’ (n = 7). A total of 67 
papers did not identify the sex of the target population, and 
of those that did, two were for female and male athletes, 
two were for female athletes only, one for male athletes only 
and one for male athletes with a female-athlete-only section. 
A total of 40 papers declared whether they had funding, 
including 30 papers declaring funding and 10 declaring no 
funding (Table 1), and 33 papers declared whether there 
were conflicts of interest, with 11 declaring conflicts and 22 
declaring no conflicts (Table 1).

3.3 � Recommendations on Goal‑Setting of Body 
Mass and/or Composition

Of 73 papers, 40 provide recommendations on athlete body 
mass or composition outcome targets, the rate of achieving 
these outcomes or the timing of such changes [3, 4, 29, 31, 
33–35, 38, 39, 42, 44, 47–50, 52–54, 57–62, 64, 65, 68, 70, 
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72, 74, 75, 80, 86, 88–90, 92–94, 97]. Table 2 synthesises 
the key outcome recommendations, only including those 
recommended by three or more papers.

The importance of identifying body mass and compo-
sition outcome targets that are individual to each athlete 
was clearly advised by 12 papers (Table 2). Considering 
the requirements of the sport (n = 8), genetics (n = 5), age 

Fig. 2   Timeline of publication year for each paper by organisation

Fig. 3   Country of origin of every author
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(n = 4), sex (n = 3) and playing position (n = 3) was also 
acknowledged when setting body mass and body compo-
sition outcome goals (Table 2). Avoiding a body fat level 
below 5% for men and 12% for women was recommended 
by seven papers, along with choosing realistic targets (n = 5) 
that support health and performance (n = 5) (Table 2). Three 
papers advised to consider that optimal body fat targets may 
be above the minimum safe levels (Table 2). Three papers 
recommended setting goals on the basis of increasing 
power:mass ratio, three papers advised avoiding increasing 
mass that does not increase power and three papers advised 
a focus on decreasing fat mass and maintaining muscle mass 
to decrease body mass (Table 2).

A gradual decrease in body mass (n = 9), at a rate of 0.5 
to 1 kg per week (n = 7), was the most common advice pro-
vided on the rate of change when recommendations were 
provided (Table 2). The timing of any change in body mass 
or composition was considered, with emphasis placed on 
making such changes before the competition season (n = 9), 
with the off-season (n = 8) or pre-season being ideal (n = 8) 

(Table 2). It was also recommended to periodise changes in 
body composition across the season (n = 3).

3.4 � Diet and Supplement Recommendations 
to Manipulate Body Mass or Composition

An overview of the key components of dietary recommen-
dations in each paper, including calories, macronutrients, 
micronutrients, supplements and fluid, was summarised in 
Fig. 4.

3.4.1 � Diet and Supplement Recommendations to Increase 
Body Mass or Fat‑Free Mass

A total of 55 papers included recommendations to increase 
body or fat-free mass (Fig. 4) [4, 30, 32, 34–41, 43–46, 48, 
49, 51–55, 57–59, 63–69, 72–80, 82–85, 87–92, 94, 95, 97, 
98]. Guidance on calorie (n = 28), protein (n = 40) or supple-
ment intakes (n = 29) were most common (Fig. 4). Calorie 
recommendations were often vague, advising ‘adequate’, 

Table 2   Synthesis of goal-setting recommendations for target setting, rates of change and timing when altering athlete body mass and composi-
tion

Recommendation References

Target
Choose body mass and composition targets that are individual to each athlete [4, 34, 39, 42, 53,  61, 70, 74, 64, 62, 92, 94]
Consider the requirements of the sport/discipline when setting body mass and composition targets [4, 34, 35, 53, 60, 65, 74, 62]
Avoid body fat level below 5% in male athletes and below 12% in female athletes [34, 52, 53, 33, 61, 64, 62]
Consider genetics/heredity factors when setting body mass and composition targets [4, 34, 42, 53, 90]
Choose body mass and composition targets that are realistic [4, 34, 42, 53, 65]
Choose body mass and composition targets that are healthy and support performance [34, 53, 62, 80, 93]
Consider age when setting body mass and composition targets [4, 34, 53, 65]
Aim to maintain fat-free mass and decrease fat mass to decrease body mass [4, 65, 72, 80]
Consider sex of the athlete when setting body mass and composition targets [4, 34, 53]
Consider playing position of the athlete when setting body mass and composition targets [39, 68, 94]
Consider that optimal for an athlete may be above the minimum safe body fat level when setting 

body mass and composition targets
[34, 53, 93]

Avoid an unnaturally low/too little/below biological default body fat level [31, 34, 42]
Choose a target range for body mass and composition and not a specific or absolute target [4, 34, 74]
Avoid increasing mass that does not increase power and the power:mass ratio (i.e. there is an 

upper limit of fat-free mass)
[49, 80, 88]

Aim to increase power:mass ratio [90, 80, 97]
Use reference data for body mass and composition that is sport or event specific [47, 54, 62]
Rate
Aim for a gradual/slow decrease in body mass [4, 34, 35, 39, 47, 48, 61, 62, 75]
Aim to decrease body/fat mass at a rate of 0.5–1.0 kg/week or 1–2 lb/week [31, 34, 52, 61, 90, 64, 62]
Timing
Aim to change body mass early in the season or before the competitive season starts [4, 34, 44, 52, 53,  54, 60, 86, 88]
Aim to change body mass in the offseason [34, 39, 44, 53, 61, 65, 64, 92]
Aim to make body composition changes in the pre-season/general preparation phase [39, 48,  54, 60, 62, 72, 92, 94]
Aim for periodised changes in body composition across a season [89, 74, 80]
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‘enough’, ‘sufficient’ or ‘appropriate’ intakes (supplemen-
tary information 3). A total of 11 papers recommended 
increasing energy intake to increase body or fat-free mass, 
with three quantifying this increase as 500–1000 kcal/day, 
and four emphasising individual energy requirements (e.g. 
different needs of trained versus untrained athletes).

Protein recommendations were the most common and 
detailed nutrient recommendations provided, address-
ing daily intake patterns, intake around training, protein 
types, total daily intake and portion sizes (Fig. 4). Targets 
for daily protein intake varied widely, with 17 different 
ranges between 1.2 and 2.5 g/kg body mass/day (n = 20) 
(supplementary information 3). Seven earlier papers rec-
ommended absolute portions of 15–40 g protein or 6–40 
g amino acids, whilst papers from 2014 moved to relative 
portions (n = 10) (0.25–0.50 g/kg body mass/meal). Pro-
tein distribution recommendations varied, with optimal 
patterns ranging from 3 to 6 feeds per day (n = 7) to inter-
vals of 3–5 h (n = 4). A total of 29 papers recommended 
protein intake around training, especially post-training. 
Beyond training, six papers recommended protein intake 
before bed, and 22 discussed the type of protein, advocat-
ing for high-quality or biological value proteins, intact or 
whole food proteins and high leucine-based proteins.

Protein or amino acid supplements were most 
commonly recommended, featuring in 19 papers 

(supplementary information 3); nine papers recommended 
protein supplements to increase body or fat-free mass in 
certain circumstances (e.g. for convenience), particularly 
whey protein (n = 7). Creatine supplementation was rec-
ommended in 12 papers to increase body or fat-free mass, 
with three reporting potential benefits and two recommen-
dations prior to 2004 advising against use due to insuffi-
cient evidence (supplementary Information 3). In addition, 
11 papers recommended an initial loading dose of 15–20 
g/day in four equal doses, followed by a maintenance dose 
of 1–5 g/day. Only three papers before 2007 recommended 
a creatine wash-out period of 4–10 weeks.

A total of 15 papers included carbohydrate recommenda-
tions to increase body or fat-free mass (Fig. 4). Like protein, 
recommendations were again vague, and included consum-
ing ‘sufficient’, ‘adequate’ or ‘enough’ carbohydrates to avoid 
protein oxidation and adapting intakes on the basis of body 
composition goals. Four papers advised on carbohydrate intake 
around training and five separate daily carbohydrate targets 
were recommended in the range of 3–12 g/kg body mass/day 
(supplementary information 3). Only one paper advised avoid-
ing excessive intakes of fibre-rich foods, as this may reduce 
appetite and impair total food intake, and one paper recom-
mended against the use of a ketogenic diet for increasing fat-
free mass.

Fig. 4   Overview of the dietary recommendations included in all papers
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Very few papers gave recommendations regarding fat 
(n = 1), micronutrient (n = 2) or fluid (n = 2) intake to support 
increases in body or fat-free mass (Fig. 4). Advice included 
individualising fat intake on the basis of body composition 
goals, assessing the diet for adequate intake of zinc and B 
vitamins, considering greater intakes of micronutrients and 
ensuring sufficient or proper hydration around training (sup-
plementary information 3).

3.4.2 � Diet and Supplement Recommendations to Decrease 
Body Mass or Fat Mass

A total of 60 papers included recommendations on decreas-
ing body or fat mass (Fig. 4) [4, 29, 31–36, 39, 40, 42, 
44–48, 50–53, 55–62, 64–77, 79–82, 84–86, 88, 3, 89–98]. 
The focus was primarily on calorie (n = 45), carbohydrate 
(n = 24), protein (n = 27) and supplement (n = 23) intakes 
(Fig. 4). The most common recommendation was total calo-
rie intake, with 43 papers specifying either a minimum daily 
calorie range, a minimum energy availability, or a target 
deficit (supplementary Information 4). The minimum calo-
rie range was different across each paper, but the minimum 
energy availability was consistently set at 30 kcal/kg fat-free 
mass/day in 12 out of 13 papers, with only one paper recom-
mending a lower limit of 20–25 kcal/kg fat-free mass/day for 
body mass loss in male athletes. The recommended calorie 
deficit ranged from 250 to 1000 calories per day. Additional 
advice included choosing low-energy density, high-nutrient 
density foods and distributing calorie intake throughout the 
day. Only two papers advise not misusing alcohol due to 
the link with unwise eating habits and negative impact on 
managing body composition (supplementary Information 4).

Carbohydrate recommendations varied the most of all 
nutrients due to the unique requirements of different sports 
but generally advised periodising or adapting intake to sup-
port reduced energy intake, with daily carbohydrate recom-
mendations ranging from 3 to 10 g/kg body mass (supple-
mentary Information 4). Six papers highlighted the lower 
end of the range (3–6 g/kg body mass/day) for decreasing 
body or fat mass. Increasing nutrient-dense, high-fibre foods 
and wholegrains was recommended by three papers, whilst 
two recommended strategic use of low-fibre diets in the days 
leading up to competition for acute decreases in body mass. 
One paper advised to consider the use of a ketogenic diet 
to decrease body mass but warned about the likelihood of 
decreasing both fat mass and fat-free mass.

In total, 15 different ranges for daily protein intake were 
recommended by 18 papers (Supplementary Information 4). 
Before 2007, the range was 1–1.7 g/kg body mass (n = 3), 
between 2007 and 2019 it increased to 1.4–3.1 g/kg body 
mass (n = 9), whereas after 2019, all six papers consistently 
recommended a narrower range of 1.6–2.4 g/kg body mass 
daily. Recommendations for protein portion sizes included 

three papers suggesting in the range of 20–40 g, one recom-
mending above 40 g and three recommending 0.4–0.5 g/kg 
body mass/meal. Spreading protein intake throughout the 
day in 3–5 meals or every 3–4 h was also advised (n = 5), 
particularly around training (n = 5). High-quality, whole-
food protein sources, especially low-fat dairy and meat were 
commonly recommended.

Supplement guidelines suggested short-term use of a 
multi-vitamin and mineral supplement (n = 9), and protein 
supplements as a convenient, low-calorie source to retain 
fat-free mass during energy deficits (n = 4) (supplementary 
Information 4). Supplements specifically for decreasing fat 
mass were not recommended by three papers and supple-
ments that posed the risk of an anti-doping rule violation 
were also discouraged (n = 3). In addition, 12 different sup-
plements including boron, carnitine, chromium and probiot-
ics were not recommended for decreasing body mass (n = 5).

Few papers included recommendations on fat (n = 13), 
micronutrient (n = 12) and fluid (n = 9) intakes (Fig. 4). 
Seven different recommendations were provided for total 
fat intake ranging from 15 to 30% of energy intakes, and 
three papers advised against excessive restriction below 15% 
(supplementary Information 4). Some practical dietary rec-
ommendations were also included. For example, switching 
from high-fat to low-fat foods, reducing saturated fat intakes 
and reducing intakes of fats and oils during cooking.

Eight papers advise to consider micronutrient and anti-
oxidant intakes for athletes on restrictive diets as they are at 
high risk of deficiency (supplementary Information 4). Aim-
ing for the recommended daily amount, dietary reference 
intake or adequate intake was recommended by three papers 
and two recommended consuming five servings of fruits and 
vegetables daily to ensure sufficient micronutrient intakes. 
Four papers advised to consider calcium requirements and 
including low-fat dairy foods to support calcium intakes.

Two papers advised appropriate intakes of fluid to remain 
hydrated, and one advised against the use of coffee for alter-
ing body composition (supplementary Information 4). Three 
papers prior to 2009 discouraged the use of fluid restriction 
to achieve a decrease in body mass, whereas three papers 
after 2011 advised to consider the strategic use of 2–3% 
dehydration through fluid restriction or sweating for acute 
loss in body mass.

4 � Discussion

This scoping review aimed to summarise the dietary rec-
ommendations for altering body mass or composition in 
athletes, as well as evaluating changes over time, from 
expert consensus statements and position stands. A total 
of 73 papers across three types of publications were ana-
lysed, which were endorsed by 11 individual and three joint 
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organisations, involving 328 experts from 25 countries. 
Despite the number of papers included, the range of sports 
and organisations represented was limited and many docu-
ments were not regularly updated. There were also incon-
sistencies in the evidence base, however, this comprehen-
sive review synthesises four key recommendations that were 
consistently reported and should underpin evidence-based 
decision-making for a safer practice approach. They are: (1) 
involve qualified and experienced dietitians/nutritionists, (2) 
individualise outcome and dietary targets, (3) implement 
fundamental dietary practices—adapting calorie and protein 
intakes whilst avoiding unnecessary supplements and (4) 
ensure a minimum energy availability of 30 kcal/kg fat-free 
mass/day for health. Notably, almost half of papers omitted 
guidance on body mass and composition goal-setting and 
many lacked detail and specificity. Moving forward, given 
the importance of modifying behaviour to optimise per-
formance and protect the health and wellbeing of athletes, 
recommendations for altering body mass or composition 
should clearly define target behaviours in specific and con-
crete terms. For example, what, who, when, where and how.

Nearly half of the papers in this review (n = 33) did not 
include recommendations on setting body mass or composi-
tion goals, optimal timelines for achieving these goals, or the 
most appropriate phases within the season for aligning these 
changes with training and competition objectives. For prac-
titioners, a key initial step is to assess the appropriateness of 
targets, advise on suitable goals and challenge pre-conceived 
expectations or beliefs [3, 15]. Without evidence-informed 
guidance and qualified support, athletes and support person-
nel (e.g. coaches) may set unrealistic targets, compromising 
health and performance and increasing the risk of disordered 
eating and eating disorders [64] or the use of prohibited sub-
stances [14, 99]. Addressing the barriers to implementing 
evidence-informed guidelines is crucial, as elite sport prac-
titioners from across the world report a lack of guidance 
in body mass and composition goal-setting [15], consistent 
with this review’s findings. Some papers provided guiding 
questions to ask athletes to evaluate target appropriateness 
[34, 53], such as: What is the maximum acceptable weight 
for you? What was the lowest weight you maintained with-
out constant dieting? How did you derive your goal weight? 
At what weight and body composition do you perform best? 
However, more comprehensive, behaviourally specific rec-
ommendations are needed to ensure dietary advice is always 
preceded by appropriate body mass and composition target 
recommendations.

This review revealed that dietary recommendations for 
manipulating body mass and composition in athletes are not 
comprehensive enough. Once appropriate outcome targets 
are agreed upon with the athlete’s health team [15] and a 
nutrition assessment completed, nutritionists/dietitians are 
responsible for translating energy and nutrient requirements 

into tailored, evidence-based interventions that achieve the 
desired outcome [17]. Most papers focussed heavily on strat-
egies to adjust calorie, protein and supplement intakes, but 
provided little guidance on other macro- and micronutrients. 
The language used was often vague, with phrases such as 
‘adequate’ amounts, ‘enough’, ‘consume a surplus’ or ‘suf-
ficient’ nutrients, which lack specificity and leave recom-
mendations open to interpretation. This ambiguity relies 
heavily on practitioners, coaches and athletes to understand, 
interpret and implement advice correctly. Additionally, the 
narrow focus on calories, protein and supplements could 
lead athletes to overconsume protein at the risk of other 
nutrients, adopt restrictive or high risk dietary patterns and 
risk unintentionally violating anti-doping rules (e.g. through 
inadvertent exposure to prohibited substances) [79, 100, 
101]. Developing more comprehensive, practice-oriented 
guidelines, such as those used in healthcare (e.g. the UK 
National Institute for Health and Care Excellence practice 
guidelines) by international sporting bodies could help to 
create clearer, actionable guidance for practitioners.

Despite this scoping review including 73 papers, many 
sports were not represented, and in general, recommenda-
tions were not developed by MDTs. Guidance was heavily 
skewed towards athletics, aquatics, team and weight-cate-
gory sports. However, each sport and environment likely pre-
sent different requirements for body mass and composition 
manipulation, given the variability of physiological demands 
across sports. In fact, a level of flexibility and depth is also 
necessary within recommendations, as not all guidance for 
one sport will be appropriate for all athletes from that sport. 
For example, guidance may need to be adapted for different 
positions in team sports, for different training demands of 
athletes from the same discipline or for athletes with specific 
dietary preferences such as vegetarianism. Researchers have 
started to implement this change with some nutrients in the 
last decade. For example, since 2014, protein recommenda-
tions have evolved from absolute portions for every athlete 
(e.g. 25g/meal) [59, 67], to relative portions (0.25–0.5 g/
kg body mass/meal) [90, 91]. This highlights the need for 
more tailored and targeted guidelines alongside an inclusion 
of flexible recommendations that qualified practitioners can 
modify as appropriate for their individual athletes.

Generic recommendations for athletes were offered by 34 
papers, meaning practitioners must translate these to their 
specific contexts, potentially leading to varied interpretations 
and sometimes inappropriate practice. For example, imple-
menting a generic 500 kcal deficit to evoke 0.5 kg losses in 
fat mass per week is unlikely to cause negative health conse-
quences for a 125 kg prop forward in rugby union, but might 
not be appropriate for a 60 kg high jumper with much lower 
energy availability. Developing nutrition guidelines with a 
MDT involving athletes could improve the effectiveness of 
interventions [102]. Yet this approach was not consistently 
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evident in this review, and the professional backgrounds of 
experts was not often clear. Although rare, four papers (from 
the same conference) included a single athlete in their expert 
group to help develop the guidelines. A shift to this becom-
ing the norm rather than the exception is encouraged and 
the field of sport and exercise nutrition could learn from 
the beneficial ‘patient and public involvement and engage-
ment’ approaches that are commonplace in health settings 
[103]. Such engagement is now recommended or required 
by many major healthcare organisations when developing 
clinical practice guidelines (e.g. Guidelines International 
Network, Institute of Medicine and National Institute for 
Health and Care Excellence [104–106]). The field of sport 
and exercise nutrition is therefore encouraged to adopt a 
more intentional approach to drawing upon the lived expe-
rience of athletes (and practitioners) when designing and 
developing consensus recommendations to manipulate body 
mass and composition. With the target group in mind, some 
consensus conferences have also created athlete and coach 
friendly booklets such as the IOC Nutrition for Athletes 
[107] and FINA Nutrition for Aquatic Athletes [108]. Nor-
malising the dissemination of accessible recommendations 
would be a positive development in the field, ensuring easier 
access to accurate information for organisations and athletes 
who do not have support from qualified nutrition profession-
als. Involving specialists from each discipline [15] and con-
sulting with athletes in the production process may ensure 
guidelines are comprehensive, fit for purpose and encourage 
sustained adherence.

A total of 50 papers in this scoping review were not part 
of updated recommendations, making them standalone guid-
ance documents that are likely to reflect outdated research 
over time. Through not limiting the search strategy by date, 
this review highlighted the progression of research and guid-
ance since 1976. The change in dietary recommendations 
over decades, for example, advice on creatine supplemen-
tation (increase), daily protein targets (decrease) and fluid 
restriction (decrease), highlighted in this scoping review, 
shows the continued generation of new knowledge in the 
field, and the importance of regularly updating recommenda-
tions to reflect the latest research. Currently, the frequency 
of update to recommendations from international nutrition 
organisations is approximately 10 years (e.g. the three joint 
position statements from the American College of Sports 
Medicine, Dietitians of Canada and Academy of Nutrition 
and Dietetics on ‘Nutrition for athletic performance’ [4, 34, 
53]). If this is standard, it could be argued that 32 papers in 
this review, published prior to 2014, require updating. In 
clinical practice, one out of five guidance documents are 
considered out of date after three years [109]. A periodical 
update is critical given yearly publication of sports nutrition 
papers has increased exponentially from approximately 200 
in 2000 to 500 in 2010 and 3500 in 2021 [110]. Therefore, 

regular updates, more than once per decade, may be neces-
sary moving forward. Consensus conferences were used to 
develop recommendations by 30 papers, which may present 
major challenges—logistically and financially—to regular 
updates. More participatory approaches that can be con-
ducted online might help address the barriers of in-person 
consensus building events and also ensure a diverse range 
of stakeholders are involved to inform practice and policy-
making [110].

Incorporating behavioural science into dietary recom-
mendations could improve the development, description, 
implementation and evaluation of interventions aimed at 
manipulating athlete body mass and composition. Whilst it 
was beyond the scope of this review to systematically iden-
tify the ‘active components’ recommended alongside dietary 
targets in the form of behaviour change techniques (BCTs) 
[111–113], the review highlighted that such detailed analy-
sis was impossible as target behaviours were unspecified 
in recommendations and guidelines. Previous research has 
noted that sport nutrition interventions primarily focus on 
education to increase nutrition knowledge and only achieve 
a 50% success rate in improving athlete dietary intake [114]. 
This limited success is potentially due to the restricted use 
of BCTs and the narrow application of behavioural theories 
within the field [113]. Given expert body mass or composi-
tion recommendations seek to modify athlete and practi-
tioner behaviours, an absence of behavioural theory within 
such expert guidance may limit the successful implementa-
tion of these guidelines. Indeed, research points to a poten-
tial implementation gap given athletes are not meeting nutri-
tion guidelines [115, 116]. Embedding behavioural science 
within the sport and exercise nutrition field could serve to 
advance the development of theory-informed and behaviour-
ally targeted dietary interventions for effective athlete body 
mass and composition management.

4.1 � Strengths, Limitations and Future Directions

To our knowledge, this is the first scoping review of die-
tary recommendations for athletes by expert groups. The 
strengths of this study include the large number of recom-
mendation papers reviewed, the inclusion of various interna-
tional expert groups and the wide variety of athlete popula-
tions included. The comprehensive search strategy, spanning 
five databases without restrictions on date or sport, allowed 
for a thorough mapping of recommendation progression over 
time and across different sports.

However, this review is not without limitation. Although 
a systematic search of 73 consensus statements, position 
stands and practice guidelines was carried out, some rec-
ommendation papers may have been missed, specifically 
those that were challenging to identify as endorsed by expert 
organisations or developed from consensus conferences. To 
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counteract this, a review of bibliographies was completed, 
identifying 87 additional papers. No quality appraisal was 
completed due to the purpose of scoping reviews being to 
map the existing literature regardless of methodological 
quality or risk of bias, thus the strength of individual rec-
ommendations was not assessed. Recommendations were 
extracted on the basis of author interpretation rather than 
explicit statements, necessitating a pilot extraction by two 
experienced and accredited sport nutritionists, L.D. and N.C. 
Following successful piloting, L.D. completed the full data 
extraction of all 73 papers. Recommendations for athletes 
with a disability were not included in this study as they are 
a population with a range of unique nutritional requirements 
that would be beyond the scope of this study.

Future research should produce practice guidelines spe-
cific to all sports, as this review highlighted that most recom-
mendations were for general athlete populations, athletics, 
aquatics, team and weight category sports. The approach 
by international federations such as the International Asso-
ciation of Athletics Federation (now World Athletics), who 
host multiple expert nutrition consensus conferences [80, 
117, 118], could be replicated, as recommendations are 
regularly revised to reflect the latest research. Guidelines 
should distinguish between male and female athletes and 
offer comprehensive advice on all macronutrients, micronu-
trients and dietary behaviours. Additionally, future recom-
mendations should be underpinned by behavioural science, 
utilising theories of behaviour to inform advice, such as the 
Behaviour Change Wheel [102]. Scoping reviews of dietary 
recommendations to manipulate body mass or composition 
for athletes with a disability is also warranted. In addition, 
there is a body of evidence on manipulating the body mass 
or composition of military personnel that would also benefit 
from a scoping review.

5 � Conclusions and Implications

This scoping review provides a comprehensive summary of 
outcome targets and dietary recommendations for changing 
body mass or composition in male and female, non-disabled 
athlete populations. A total of 73 consensus statements, 
position stands and practice guidelines were identified, how-
ever, not all sports and disciplines were represented, and 
many were not regularly updated. Most recommendations 
lacked detailed guidance on target-setting, instead focussing 
on caloric intake, protein consumption and supplement use, 
with limited advice on other essential nutrients. Consistent 
advice included involving a qualified and experienced sport 
dietitian/nutritionist, and a MDT is essential to ensure that 
appropriate outcome targets, dietary behaviours and moni-
toring are implemented. Individual outcome targets with 
gradual rates of change and based on the sport, age, sex, 

genetics and an optimal power:mass ratio are essential. A 
calorie surplus or deficit should be implemented for increas-
ing or decreasing body mass or composition, respectively, 
through individualised carbohydrate and fat modification. 
Intakes of protein should be on the higher end of the range 
with a high diet quality followed in both situations. Meals 
should be spread throughout the day, with appropriate car-
bohydrate and protein intakes before and after training ses-
sions and assessment of the appropriateness and risks of 
supplementation considered. Adopting a participatory and 
sport-specific approach to regular guideline development, 
incorporating behavioural theories, including the broader 
MDT and consulting athletes, could result in athlete-centred 
recommendations that are more likely to achieve body mass 
and composition goals whilst protecting athlete health, well-
being and performance.
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