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Abstract

and development.

Appropriate dietary intake can improve athletes health and sport performance and is a direct result of eating behav-
iours. Therefore, assessing and shaping athletes’ eating behaviours and dietary intake is critical to the provision of
sport nutrition services. As such, nutrition practitioners must also consider the determinants of eating behaviours.
However, dietary intake, eating behaviours, and its determinants are inconsistently defined in the literature, requiring
nutrition practitioners to navigate a complicated landscape of concepts and terminology. This is further complicated
by limitations in practically measuring and influencing eating behaviours and dietary intake. The proposed Athlete
Nutrition Development Approach was developed to aid practitioners in servicing decisions through the athlete
development process, through a three-tiered approach to sport nutrition service delivery. Tier 1 addresses the deter-
minants of eating behaviours, Tier 2 directly addresses eating behaviours and dietary intake, and Tier 3 addresses the
consequences of dietary intake in relation to health and sport performance. Each tier includes tools for assessment

Keywords COM-B, Eating behaviours, Food choices, Dietary intake

Key Points

1. There are many determinants of an athlete’s eating
behaviours.

2. Dietary intake is a result of eating behaviours.

3. Appropriate dietary intake can improve an athlete’s
health and performance.
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Introduction

Dietary intake has a profound influence on athlete health
and sport performance [1]. It is therefore important to
account for eating behaviours, given their direct influ-
ence on dietary intake [2, 3]. In the most general sense,
behaviour has been described as actions and its deter-
minants and consequences [4]. However, eating behav-
iours, dietary intake, determinants, and consequences
are vaguely or inconsistently defined [3, 5]. Some authors
have differentiated between behaviours that precede
food entering the mouth (food choices), the act of eating
(eating behaviours), with eating habits being a subset of
eating behaviours, and the results of eating behaviours
(dietary intake) [2, 3]. The athlete-centred literature
more specifically differentiates habits from behaviours
as being regularly repeated behaviours to reduce the
need for conscious decision-making [6]. However, older
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Fig. 1 The Athlete Nutrition Development Approach outlining a three-tiered approach that addresses the upstream determinants of eating
behaviours (Tier 1), eating behaviours and dietary intake (Tier 2), and the downstream consequences of dietary intake (Tier 3), with the goal of
improving athlete health and performance. Each tier includes an overview of the concepts and suggested tools for assessment and development.
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literature describes this combination of conscious and
subconscious decision-making as the food choice pro-
cess [7], while other authors use the term eating routines
[8]. Authors have also used the term eating patterns to
describe food choices, and the frequency of meals and
snacks, which results in nutrient intake (defined simi-
larly to dietary intake) [9]. Additionally, concepts such
as nutrition literacy and food literacy use ranging defi-
nitions from general health knowledge, to specific skills
and competencies required to interact within a food sys-
tem [5]. Nutrition practitioners working in the field are
navigating a complicated landscape of concepts and ter-
minology, compounded with limitations in practically
measuring and influencing nutrition-related factors [10,
11].

Unfortunately, there is currently no single agreed-upon
approach to improve eating behaviours and dietary intake
in athletes. Recent literature outlines nutrition needs for
youth athlete development, suggesting various shifts
in focus through the athlete development process (e.g.
removing body composition assessments, discouraging

supplement use, and promoting eating behaviours and
dietary intake that support age-appropriate develop-
ment) [12], but does not provide an operational approach
to manage this outcome. Interestingly, a new conceptual
framework layers sport nutrition services onto stages of
development and skill level [13], but the scope of focus
is limited to the assessment of body composition. The
Determinants of Nutrition and Eating (DONE) frame-
work and taxonomy uses tiers, including factors that
precede eating, the actions of eating, and the results of
eating [2, 3], but is not viewed through a sport nutri-
tion lens, nor does it guide servicing decisions. Given
the various limitations of each model/framework, the
purpose of this paper is explore a conceptual sport nutri-
tion approach that aids practitioners in nutrition-related
servicing decisions through various athlete development
processes based on an understanding of sport perfor-
mance, eating behaviours and dietary intake, and their
determinants and consequences. This paper proposes a
novel Athlete Nutrition Development Approach to estab-
lish a tiered approach to sport nutrition services (Fig. 1).
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Tier 1 focuses on the independent, upstream determi-
nants of eating behaviours; Tier 2 focuses directly on
eating behaviours and dietary intake; and Tier 3 focuses
on the dependent, downstream consequences of dietary
intake. Each tier includes a description of the concepts
and is comprised of two sections. The first sections of
the approach utilize tools to assess and measure eating
behaviours, dietary intake, and their determinants and
consequences, while the second section proposes tools
to develop and shape eating behaviours, dietary intake,
and their determinants and consequences in athletes.
Together, these sections form a ‘toolkit’ to guide practi-
tioners in providing sport nutrition services to athletes.

Components

Tier 1: Determinants of Eating Behaviours

Eating behaviours are influenced by a complex set of fac-
tors, including both modifiable and non-modifiable vari-
ables. In this paper, these factors will be referred to as the
determinants of eating behaviours and will be described
using the Capability, Opportunity, Motivation-Behaviour
(COM-B) system [14], given its use within sport nutri-
tion literature to date [15, 16]. Capability is defined as the
capacity to engage in a behaviour, requiring knowledge
and skill [14]. Opportunity can be described as the exter-
nal, contextual factors that make a behaviour possible
[14]. Lastly, motivation is the brain processes that direct
behaviour (both emotional and analytical) [14]. Together,
these components are interrelated and create behav-
iours. It is beyond the scope of this paper to provide an
exhaustive list of the determinants of eating behaviours.
Rather, some key determinants are described below using
the COM-B system. Additionally, this tier describes tools
to measure and shape the determinants within these
three components to understand and improve eating
behaviours.

Key Determinants

Nutrition knowledge and beliefs are primary determi-
nants and can be defined as an awareness and ability to
apply nutrition information when choosing foods [6].
Importantly, athletes identify a lack of knowledge as a
barrier to appropriate dietary intake [17]. Fortunately,
nutrition knowledge is modifiable [18], and evidence
suggests that athletes may benefit from sport nutrition
education through increases in nutrition knowledge,
improved eating habits, changes in body composition,
and improved physical performance [11]. It is notewor-
thy that nutrition knowledge and beliefs also serve as a
lens through which athletes can interpret, both cor-
rectly and incorrectly, the impact of other determinants
of eating behaviours (described below), and the actions
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and consequences of eating and resulting dietary intake,
creating an iterative process where the downstream fac-
tors described later in this paper can indirectly serve as
determinants of eating behaviours [19]. Nutrition knowl-
edge has been considered a ‘Capability’ component of the
COM-B system in previous studies [15]. However, beliefs
are considered ‘Motivation’ [15]. Food skills such as food
management skills, cooking skills, and food safety skills
also affect eating behaviours [5] and are considered a
‘Capability’ [15].

Knowledge, skills, and belief alone cannot fully explain
eating behaviours. Other modifiable and non-modifiable
factors exist and are often complex. Homeostatic and
hedonic hunger influence eating behaviours. While an
awareness of how hunger can influence eating behaviours
may allow for the interpretation of hunger cues to bet-
ter meet physiological and psychological needs (coded as
‘Capability’ as part of attention and decision processes)
[15], hunger itself is independent of knowledge and skill
when upstream of eating behaviours and could be viewed
as a contextual factor and coded as ‘Opportunity’. Other
external ‘Opportunity’ factors that can create barri-
ers and influence eating behaviours can occur on social,
socio-economic, cultural, and environmental dynamics
[6, 15, 17]. Food availability is complex as it can be influ-
enced by awareness and management skills (‘Capability’)
and belief in capability and/or consequences (‘Motiva-
tion), but it is also largely influenced by an ‘Opportunity’
factor in many circumstances (i.e. if food is available, it is
easier to eat).

Components of the COM-B system are interrelated and
form complex interactions that determine eating behav-
iours. Of particular concern are clinical circumstances
such as disordered eating in athlete populations [20] and
gastrointestinal disorders [1], which have complex aeti-
ologies that influence eating behaviours. Table 1 contains
a list of possible determinants of eating behaviours, and
how they are coded within the COM-B system.

Tier 1: Assessment Tools

Determinants of eating behaviours can be difficult to
assess. Practitioners such as Registered Dietitians (RDs)
have been trained to subjectively and qualitatively
assess these determinants. The Nutrition Care Process
and Model (NCPM) is commonly used among RDs and
involves four major steps, including nutrition assessment
(step 1); nutrition diagnosis (step 2); nutrition interven-
tion (step 3); and nutrition monitoring (step 4) [21]. Step
1 and step 4 provide a standardized approach to assess-
ment and reassessment [21], including the assessment/
reassessment of these determinants. Steps 2 and 3 will be
described in later sections of this paper. Nutrition assess-
ment can be categorized in an A-E framework, including
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Table 1 Overview of common determinants of eating behaviours utilizing the Capability, Opportunity, Motivation-Behaviour system,

with descriptions and examples

Coding Determinant Description Example
Capability Nutrition knowledge Nutrition knowledge is the awareness Knowledge of nutrient and energy content
and ability to apply nutrition information  of food
when choosing foods [6] Knowledge of nutrient and energy require-
ments
Dieting due to perceived effects on perfor-
mance and/or body composition
Motivation Nutrition beliefs Nutrition beliefs are related to perceived  Willingness to spend time and effort to
abilities and consequences [15] prepare food
Belief that eating a certain food will
improve performance
Batch cooking ahead of time
Capability Cooking, food man-  The ability to access, select, purchase, Ability to efficiently navigate a grocery

agement, and food
safety skills

Capability and opportunity

Homeostatic hunger

Capability and opportunity Hedonic hunger

prepare, and preserve food [5]

Homeostatic hunger is a complex physi-
ological feedback process that signals the
need for food [57]

Hedonic hunger links food with pleasure
while interacting with the homeostatic

store

Ability to batch cook

Ability to cook food to proper internal
temperature

Ability to store food safely

Energy balance

Energy density of food consumed
Volume of food consumed
Macronutrient profile of food consumed

Taste and preferences
Aesthetic presentation of food

hunger system [57, 58]

Social, socio-
economic, cultural,
and environmental
factors

Opportunity

Capability, opportunity, and motivation Food availability

Capability, opportunity, and motivation Clinical factors

behaviours

Social, socio-economic, cultural, and
environmental factors are extrinsic factors
altering food availability and autonomy

Food availability is the access to foods in
sufficient quantities at appropriate times

Clinical factors are intrinsic factors that
can influence nutrient and energy
requirements, or add barriers to eating

Financial constraints

Customs and traditions

Exposure to marketing

Religious food restrictions

Ethical food restrictions

Access to cooking facilities and equipment
Access to safe food storage

Access to protein-containing foods imme-
diately following training

Access to carbohydrate-containing foods
in appropriate quantities

Eating Disorders/Disordered Eating
Metabolic conditions

Allergies and Intolerances

Gastrointestinal issues

anthropometric (A), biochemical (B), clinical (C), dietary
(D), and environmental (E) assessments [22], with clini-
cal and environmental assessments regarding specific
determinants of eating behaviours. Anthropometric,
biochemical, and dietary assessment will be described
in later sections of this paper. Documentation can occur
in a number of ways, but often utilizes a pre-determined
structure such as a Subjective, Objective, Assessment,
Plan note [23]. An approach such as the NCPM or A-E
framework can be highly specific and add a richness to
the assessment process, but the individualized and quali-
tative nature can be time-consuming. Alternatively, sub-
jective components can be quantified through the use
of rating or frequency scales, such as components of the
Athlete Food Choice Questionnaire [19] or Three-Factor

Eating Questionnaire [24], and used within or in addition
to subjective nutrition intake forms for quick and wide-
spread distribution.

Nutrition knowledge is one of the main modifiable
determinants of eating behaviours [18]. As such, the
development of nutrition knowledge, and therefore
assessment of nutrition knowledge, is a critical com-
ponent of early nutrition development. Practitioners
will often subjectively and qualitatively assess nutrition
knowledge along with other determinants as described
earlier in this paper. However, validated sport nutrition
knowledge questionnaires exist [25, 26], allowing for a
more thorough and quantified assessment of nutrition
knowledge. Similarly, validated food skills questionnaires
exist [27], providing an opportunity to quantify a different
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set of determinants, although a subjective assessment by
an expert in a kitchen may also be valuable.

Although psychological factors can be dependent on
dietary intake, this relationship is often bidirectional
with mental health being a determining factor in eating
behaviours and resulting dietary intake [28, 29]. Evidence
suggests that female athletes may be especially prone to
disordered eating and would benefit from screening [30],
although disordered eating does also occur in males [29].
Therefore, it is important to assess mental health at early
stages of development, and not just as a psychological
consequence of dietary intake. Tools, such as the Eating
Disorder Examination 17.0, which is considered the gold
standard [20, 31], is an option, but the Eating Disorder
Examination Questionnaire 6.0, Athlete Milieu Direct
Questionnaire Version 2, Brief Eating Disorder in Ath-
letes Questionnaire Version 2, and the Eating Disorder
Screen for Athletes, may be more practical options to
implement [20, 32, 33]. Interdisciplinary support may be
required for assessment in this area.

Tier 1: Development Tools

Nutrition counselling and consultations are commonly
used in sport nutrition [34]. The NCPM is a model to
guide practitioners through standardized nutrition ser-
vice provision [21]. Nutrition assessment (step 1) and
nutrition monitoring (step 4) are two steps that have
been discussed earlier. The nutrition intervention (step 3)
step involves formulating and delivering a plan of action
to address identified problems [21]. When related to the
determinants of eating behaviours, this may require:
increasing nutrition knowledge; increasing cooking, food
safety, and food management skills; improving aware-
ness of homeostatic and hedonic hunger cues; improving
awareness of clinical, social, socio-economic, cultural,
and environmental barriers; and improving motiva-
tion. In addition to direct delivery of information, the
use of techniques such as motivational interviewing [35]
and intuitive eating [36]; and theoretical approaches to
enhancing intrinsic motivation such as self-determina-
tion theory [37], and the behaviour change wheel [14],
can help athletes develop, although research in athlete
populations is lacking. Delivery of these services can
occur in both formal appointments with athletes and
practitioners (check-ups) and informal communication
in the daily training environments (check-ins).

Other types of development tools that work at a group
level include education in the form of: presentations [38];
resources such as ‘Athlete Plates’ [39] and infographics
[40]; and applied workshops to provide opportunities to
practice skills [38]. Resources can be distributed directly
to athletes live or virtually, or modification of the physical
environment such as posting resources in daily training
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environments can provide athletes with constant, passive
exposure to desired information. The benefits of these
services are twofold: they provide athletes with informa-
tion which aids in development; and they create a posi-
tive nutrition culture within and around the athletes.
Early adopting athletes can serve as champions [41],
helping positive nutrition culture spread within a group
of athletes. Additionally, parents, coaches, and friends
can all influence nutrition culture [6], and so in some
cases, it may be advantageous to provide educational ser-
vices to an athlete’s entourage to influence the nutrition
culture around the athletes.

Tier 2: Eating Behaviours and Dietary Intake

Behaviours are not consistently defined in the literature,
with some definitions focussing on behaviours solely as
actions or acts [3], while other definitions include the
determinants, correlates, and consequences of actions
[4]. Given the focus on determinants and consequences
in other areas of this approach, Tier 2 will emphasize eat-
ing behaviours as the actions related to eating and define
dietary intake as the results of eating behaviours. Eating
behaviours include food choices, portion sizes, feeding
frequency, and feeding time and result in dietary intake:
timing and intake of calories, nutrients, fluids, and sup-
plements. Some literature works describe eating habits as
a factor interrelated with eating behaviours [3, 6]. Specifi-
cally, Birkenhead and Slater [6] describe habits as behav-
iours that are regularly repeated to reduce the need for
conscious decision-making. However, it can be argued
that eating habits (and any other synonyms used within
the literature) can still be characterized and described
through: the actions of food choices, portion sizes, feed-
ing frequency, and feeding time; and the determinants of
these actions. Therefore, it is acknowledged that eating
habits exist, but will not be a term used in this approach
as they are not mutually exclusive of food choices, por-
tion sizes, feeding frequency, and feeding time, and the
determinants of these actions. This tier revolves around
measuring and influencing eating behaviours and result-
ing dietary intake to optimize adaptation to training and
readiness to perform.

Tier 2: Assessment Tools

Commonly, practitioners look to assess both eating
behaviours and dietary intake. However, eating behav-
iours are transient and difficult to assess. Furthermore,
to assess dietary intake, eating behaviours must be coded
and analysed using software [42]. This process takes time,
making the assessment of dietary intake more time-con-
suming than the assessment of eating behaviours [22, 43].
Error introduced at the dietary intake level through the
coding and analysis process is also a concern [44]. This
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section describes the types of eating behaviour and die-
tary intake assessment tools available to practitioners.

Possibly the most salient option is the observation of
eating behaviours. This provides an objective look at eat-
ing behaviours and removes any reporting error intro-
duced by athlete self-monitoring. Observation can be
blinded or non-blinded, depending on the circumstances.
In non-blinded situations where athletes are aware they
are being observed, desirability bias may play a factor.
However, blinded observation is not always possible or
ethical. Alternatively, prospective assessment of both eat-
ing behaviours and dietary intake can be accomplished
for a period of time through the use of self-report food
logs or intake tracking software [22]. While this approach
has the advantage of gathering very detailed eating
behaviour data [22], these tools are greatly limited by the
athlete and practitioner burden, making them unrealistic
to complete on a daily basis as well as introducing report-
ing errors [10, 22]. Therefore, new technology looks to
reduce this burden [45], but until these tools have been
validated in athletes and dietary intake can be objectively
and accurately tracked on a daily basis with ease, the
transient nature of eating behaviours and dietary intake
challenge the assumption that data collected during a
short period of time are representative of days that were
not assessed [22]. Furthermore, prospective tools such as
this are limited by desirability bias [22].

Retrospectively, diet recalls and diet history assess-
ments [22] can be used in a similar fashion to food logs
and coded and analysed with software to determine die-
tary intake. While these tools have less athlete and prac-
titioner burden than food logs, they are limited by recall
error and the data acquired are not easily quantified with
accuracy [22]. Practitioners may find it more useful to
simply use these tools to qualify eating behaviours [22].
These retrospective tools are often used within the nutri-
tion assessment (step 1) and nutrition monitoring (step
4) steps of the NCPM [21].

Often, practitioners will find it easier and more use-
ful to quantify eating behaviours [22] rather than code
and analyse data to quantify dietary intake. Tools such
as Food Frequency Questionnaires [46] can quantify
certain eating behaviours [10, 22], providing a quantita-
tive alternative to coding and analysing data at a dietary
intake level. Specifically, the Athlete Diet Index has been
developed for and validated in athletes, with the purpose
of assessing eating behaviours around training and for
aspects of diet quality [43, 47]. Food Frequency Ques-
tionnaires and the Athlete Diet Index are retrospective
tools and therefore prone to recall error due to their reli-
ance on memory [22]. Fortunately, low-burden, prospec-
tive assessment tools can also be created for athletes to
self-assess eating behaviours. These tools rely less on
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memory than retrospective tools, although often at the
expense of external validity through potential increases
in desirability bias [22]. Tools such as the Food Frequency
Monitoring Tool (FFMT) are easier to implement on a
daily basis than food logs or intake tracking software and
allow for objective quantification of eating behaviours
such as food choices and feeding frequency [48]. It may
be warranted to periodize use of the FFMT throughout
a year to minimize recording fatigue and maintain accu-
racy at key times. Additionally, assessment questions
related to other eating behaviours (i.e. portion sizes and
feeding time) can be developed and implemented on a
daily basis with relative ease (e.g. what time did you eat
breakfast?).

Athlete Self-Report Monitoring (ASRM) [49] can be
used to subjectively assess dietary intake using a rating
scale on a daily basis. This provides another efficient,
prospective assessment tool option, although the focus
on assessing dietary intake rather than eating behaviours
makes ASRM more nuanced and subjective than the
previously mentioned FFMT. Athletes require adequate
understanding of nutrition requirements and nutrient
content of the foods they consume to complete ASRM
accurately and consistently. For athletes who have ade-
quate nutrition knowledge, ASRM is a viable and prac-
tical option. Similar to the FFMT, it may be warranted
to periodize the use of ASRM to minimize recording
fatigue.

Tier 2: Development Tools

The NCPM nutrition intervention (step 3) step [21] was
discussed earlier as the delivery of an action plan to
address an identified capability, opportunity, or motiva-
tional issue, but action plans can also occur at an eating
behaviour and dietary intake level. Prescribed plans can
enable eating behaviours [34] and may come in the form
of food plans that prescribe specific eating behaviours
and nutrition plans that prescribe specific dietary intake.
This approach can alter eating behaviours and dietary
intake quickly; however, adherence to changes in eating
behaviours and dietary intake as a direct result of these
plans is low [50, 51], compared to indirectly through
increases in capability, opportunity, or motivation. Non-
compliance with food and nutrition plans is also com-
mon, even when there is intention to follow the plan [52].
Compliance with specific dietary intake may not even be
possible without adequate underlying capability, whereas
recommendations for general eating behaviours may be
easier to implement, albeit less specific, as they do not
rely on the athlete’s ability to code food into nutrients.
Alternatively, some athletes may find it easier to adhere
to a nutrition plan over a food plan given the relative
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increase in opportunity, as there are many different ways
to achieve a specific dietary intake.

Food and supplement provision are also common sport
nutrition services utilized to improve eating behaviours
and dietary intake [34]. Food and supplement provision
reduces the need for an athlete to be capable of mak-
ing appropriate eating behaviour decisions. It may also
address opportunity barriers such as decreasing finan-
cial requirements or time constraints, without requiring
changes to an athlete’s awareness of the problem. For less
popular behaviours, Nudge Theory [53] suggests food
and supplement provision may modify ‘choice archi-
tecture’ enough to create behaviour change, potentially
reducing motivational barriers.

Tier 3: Consequences of Dietary Intake

The impact of appropriate dietary intake on the perfor-
mance of athletes is well established [1]. Dietary intake
is a critical component of performance and health indi-
cators, including but not limited to: optimizing body
composition; maintaining adequate energy availability;
improving biochemical indicators; maximizing recovery
from training and/or adaptation to training; mediating
sleep quality and quantity; supporting the immune sys-
tem; and improving performance readiness [1, 54, 55].
Dietary intake can also include the use of supplements
such as creatine, beta-alanine, sodium bicarbonate, and
caffeine as ergogenic aids to improve performance [1].
This tier revolves around measuring adaptations to train-
ing and readiness to perform and the feedback process
used to shape eating behaviours, dietary intake, and their
determinants.

Four Pillars of Athlete Development

Athlete development models categorize development
into four pillars (technical skills; tactical skills; physi-
ological skills (sometimes termed physical skills); and
psychological skills (sometimes termed social, mental,
and/or life skills)), after moving beyond stages designed
to build physical literacy [56]. Appropriate dietary intake
facilitates development within these pillars by augment-
ing adaptations to training and/or enhancing readiness
to perform. Once the ability to sustain and modify eat-
ing behaviours has been established, and consistent eat-
ing behaviours have been demonstrated, the goal of sport
nutrition services shifts to optimizing these adaptations
and improving readiness to perform at critical periods
through appropriate dietary intake. Identifying the spe-
cific desired adaptations and readiness requirements
within the pillars of development should be driven by
sport experts and will vary between and within sports
and individual athletes. Physiological examples include
improving body composition and energy availability and
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increasing glycogen storage. A psychological example
could be improving the management of disordered eat-
ing. Technical and tactical examples include improv-
ing skills acquisition and decision-making, respectively.
Once desired adaptation requirements and readiness
requirements are identified, appropriate dietary intake
can be informed by existing literature and expertise, to an
extent. However, given the transient and uncertain nature
of eating behaviours and resulting dietary intake, assess-
ing key downstream variables helps identify whether
desired adaptations and readiness to perform are ade-
quately being achieved and provides an opportunity to
adjust and/or reinforce the use of upstream development
tools.

Tier 3: Assessment Tools

Assessing adaptation to training stimulus and deter-
mining readiness to perform is a standard practice in
high-performance sport settings. Relevant to nutrition
services, common areas for assessment include physique,
hematological, clinical-physical, clinical-psychological,
hydration, and energy requirements. The same type of
Tier 1 psychological assessment tools can be used at this
tier given the bidirectional relationship that eating behav-
iours and dietary intake can have with psychological fac-
tors, such as in the case of low energy availability [28, 29].
It is important to note that this is not an exhaustive list of
the available assessment tools, or a description of how to
use these tools. This list focuses on the more ‘common’
tools used by sport nutritionists, as outlining a complete
list of functional assessment and performance analysis
tools is beyond the scope of this paper. Table 2 contains
assessment tools for assessing consequences associated
with dietary intake.

Tier 3: Development Tools

Given that Tier 3 is downstream of the actions of eating,
there is no direct development that can occur. Indirectly,
information gathered using Tier 3 assessment tools can
be used (intentionally or unintentionally) to inform
upstream decision-making. Therefore, using feedback
from Tier 3 assessment tools to reinforce and/or adjust
eating behaviours and dietary intake can be the primary
development tool used to shape athletes at this tier. The
appropriate selection of key downstream variables for
assessing adaptation and readiness is important to inform
the use of and response to upstream development tools.
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Table 2 Overview of common assessment tools for consequences of dietary intake, including markers being observed,
measurements taken, and tools used

Type Markers Measures Tools
Physique Mass Weight Scale
Stature Height Stadiometer
Fat mass Girths Caliper
Fat free mass Breadths Measuring tape
Muscle mass Skinfolds Air displacement plethysmography
Bone mass Density Bioimpedance analysis/spectroscopy

Hematological

Clinical-physical

Clinical-psychological

Hydration

Energy requirements

Bone density

Nutrient availability

Nutrient stores

Physiological system function
Metabolic output

Malnutrition
Energy deficiency

Eating disorders
Disordered eating

Urine concentration
Total body water

Basal metabolic rate

Exercise energy expenditure
Activities of daily living

Total daily energy expenditure
Fuel usage

Energy availability

Testosterone (free, total)
Estradiol

Progesterone
Follicle-stimulating hormone
Luteinizing hormone
Thyroid stimulating hormone
Triiodothyronine

Thyroxine

Leptin

Blood lactate

Blood glucose

Complete blood count
Ferritin

Transferrin

Iron-binding capacity
Vitamin D

Vitamin B12

Affect

Body language
Wounds (Skin)
Vital signs

Blood pressure
Heart rate
Temperature
Subjective score

Subjective score

Urine colour

Urine specific gravity
Intracellular fluid
Extracellular fluid

Resting metabolic rate
Heart rate

Metabolic equivalents
Respiratory quotients

Dual energy X-ray absorptiometry

Laboratory-based bloodwork
Point-of-care microcollection

Physical exam by expert

Heart rate monitor

Blood pressure monitor

Low Energy Availability in Females Questionnaire

Eating Disorder Examination 17.0

Eating Disorder Examination Questionnaire 6.0

Athlete Milieu Direct Questionnaire Version 2

Brief Eating Disorder in Athletes Questionnaire Version 2
Eating Disorder Screen for Athletes

Armstrong urine chart
Urine refractometer
Bioimpedance analysis/spectroscopy

Metabolic cart
Heart rate monitor
Accelerometer
Predictive equations

Applications of the Approach

Long-Term Athlete Development frameworks already
exist, with many aiming to develop athletes from a foun-
dation of physical literacy through to optimal compe-
tition performance [56]. These frameworks can serve
as aides for sport coaches, strength and conditioning
coaches, therapists, and performance analysts whose
roles involve the development of physical traits in train-
ing environments. However, there is a dearth of resources
to aid practitioners such as sport nutritionists and

mental performance consultants in the development of
the ‘lifestyle’ components that take place in the home
environment without supervision. Additionally, cer-
tain populations and environments have unique dietary
intake requirements or challenges that need to be con-
sidered when developing athletes [1]. Similarly, short-
term athlete development may be required in situations
where shifts in dietary intake requirements occur, such as
return-to-play from injuries and energy deficiencies; ath-
lete crossover between sports; shifts in physique and/or
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physique requirements; travel and competition environ-
ments; and variations in training goals through volume
training, strength/power training, altitude training, and
heat acclimation training [1]. To meet these unique die-
tary intake requirements, unique eating behaviours must
be demonstrated, but there is a lack of resources to guide
practitioners through this athlete development process.
This approach has been presented as a starting point to
guide practitioners and should be considered until future
work allows for refinement and validation.

This conceptual nutrition approach provides three tiers
to nutrition development and assessment, with each tier
providing a foundation for the next. Moving through tiers
can be a linear or iterative process, and this approach can
be used to guide decision-making at a group or individ-
ual level. At a group level, servicing for junior athletes
can focus on Tier 1 assessment and development tools,
with ‘next generation’ groups receiving servicing using
Tier 2 assessment and development tools, and reserving
Tier 3 assessment and development tools for elite, senior
athletes. Additionally, athletes can be grouped based on
unique dietary intake requirements, to allow for develop-
ment to be more specific to their needs at each tier, and
assessment tools within the tier and downstream can be
used to gather data and perform gap analysis to deter-
mine development requirements within the group.

At an individual level, with assessment of key factors at
each tier, information can be used to guide development
within that tier, or fed back upstream to determine devel-
opment needs. The NCPM terms this step as nutrition
diagnosis (step 2), the process of identifying and label-
ling nutrition problems prior to implementing an inter-
vention [21]. As an athlete develops, less time should be
spent in upstream tiers and more time can be dedicated
to downstream tiers. Similarly, as an athlete develops,
more emphasis should be placed on specialized assess-
ment and individualized feedback to reinforce and/or
adjust upstream factors, while at early stages, focus can
be placed on general development and assessment of
the determinants of eating behaviours. New services at
subsequent tiers can be added as development occurs,
with or without the removal of prior services. In ideal
situations, athletes operating at a Tier 3 level will have
the ability to quickly and sustainably make appropriate
adjustments whenever data suggest a change is needed;
however, in many cases, gaps in ability will be identified
throughout the entire process, and development will
need to continue at all three tiers.

It may be practical to deliver services at a group level
early in development, with needs being more general. As
athletes reach elite levels, individualized support is likely
warranted, decreasing the ability and benefit of servicing
at a group level. In any case, it is vital that development
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begins at Tier 1 given the contrast between the sustain-
ability and the rate of development that will occur. With
the lack of direct correlation with health and perfor-
mance, the direct benefits of addressing determinants
(e.g. increasing nutrition knowledge) may be delayed and
therefore should be developed before optimizing imme-
diate performance is paramount. Fortunately, determi-
nants such as nutrition knowledge are durable qualities
and should largely remain once instilled within an ath-
lete, allowing for a shift in the focus of service delivery
when in proximity to major competition, key periods of
growth and maturation, important blocks of training,
when unforeseen health concerns arise, or the ‘prime’ of
a career. In contrast, eating behaviours and dietary intake
are transient and can change daily, but are more directly
related to desirable adaptations and readiness to perform
when needed, allowing for this approach to be compat-
ible within existing dietary intake recommendations for
special populations (e.g. youth athletes) and long-term
development frameworks.

Conclusion

Cultivating appropriate eating behaviours to ultimately
enhance health and performance is a complex and inter-
related problem, requiring a holistic solution. Therefore,
an approach was designed to aid practitioners in nutri-
tion-related servicing decisions. This approach utilizes
three tiers: Tier 1 focuses on the upstream determinants
of eating behaviours; Tier 2 focuses directly on eating
behaviours such as food choices, portion sizes, feed-
ing frequency, and feeding time and dietary intake such
as caloric intake and timing, nutrient intake and timing,
fluid intake and timing, and supplement intake and tim-
ing; and Tier 3 focuses on the downstream consequences
of dietary intake across four pillars of development.

Abbreviations

DONE Determinants of Nutrition and Eating

COM-B Capability, Opportunity, Motivation-Behaviour
RD Registered Dietitian

NCPM Nutrition Care Process and Model
FEMT Food Frequency Monitoring Tool
ASRM Athlete Self-Report Monitoring

Acknowledgements
Kevin Iwasa-Madge and Erik Sesbreno acknowledge the help of Heather
Logan-Sprenger, who provided input during the drafting process.

Author Contributions
KIM and ES both contributed to the design and drafting of the manuscript
and have read and approved the final manuscript.

Funding
Kevin Iwasa-Madge and Erik Sesbreno declare that they have no funding to
disclose.



Iwasa-Madge and Sesbreno Sports Medicine - Open

(2022) 8:142

Availability of Data and Materials
Not applicable.

Declarations

Ethics Approval and Consent to Participate
Not applicable.

Consent for Publication
Not applicable.

Competing interests
Kevin Iwasa-Madge and Erik Sesbreno declare that they have no competing
interests.

Received: 28 January 2022 Accepted: 12 November 2022
Published online: 08 December 2022

References

1.

Thomas DT, Erdman KA, Burke LM. Position of the academy of nutri-

tion and dietetics, dietitians of Canada, and the American College of
Sports Medicine: nutrition and athletic performance. J Acad Nutr Diet.
2016;116:501-28.

Stok FM, Hoffmann S, Volkert D, Boeing H, Ensenauer R, Stelmach-Mardas
M, et al. The DONE framework: creation, evaluation, and updating of an
interdisciplinary, dynamic framework 2.0 of determinants of nutrition and
eating. Matsunami H, editor. PLoS ONE. 2017;12:e0171077.

Stok FM, Renner B, Allan J, Boeing H, Ensenauer R, Issanchou S, et al.

Dietary Behavior: An Interdisciplinary Conceptual Analysis and Taxonomy.

Front Psychol [Internet]. 2018 [cited 2020 Jun 15];9. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC6160746/

Glanz K, Rimer B, Viswanath K, editors. Chapter 1: The Scope of Health
Behavior and Health Education. Health behavior and health education:
theory, research, and practice. 4th ed. San Francisco, CA: Jossey-Bass;
2008.

VettoriV, Lorini C, Milani C, Bonaccorsi G. Towards the Implementation
of a Conceptual Framework of Food and Nutrition Literacy: Providing
Healthy Eating for the Population. International Journal of Environmental
Research and Public Health; Basel [Internet]. Basel, Switzerland, Basel:
MDPI AG; 2019 [cited 2020 Jun 1];16. http://search.proquest.com/docvi
ew/2329670080/abstract/E2920698D5A8427EPQ/1

Birkenhead KL, Slater G. A review of factors influencing athletes' food
choices. Sports Med. 2015;45:1511-22.

Furst T, Connors M, Bisogni CA, Sobal J, Falk LW. Food choice: a concep-
tual model of the process. Appetite. 1996;26:247-66.

Jastran MM, Bisogni CA, Sobal J, Blake C, Devine CM. Eating rou-

tines. Embedded, value based, modifiable, and reflective. Appetite.
2009;52:127-36.

Noll M, Rodrigues de Mendonca C, Rosa LP de S, Silveira EA. Determi-
nants of eating patterns and nutrient intake among adolescent athletes:
a systematic review. Nutrition Journal; London [Internet]. 2017 [cited
2018 Jan 29];16. https://search-proquest-com.ezproxy.lib.ryerson.ca/
docview/1926314045/abstract/D4B2602E927545CAPQ/1

Capling L, Beck KL, Gifford JA, Slater G, Flood VM, O'Connor H. Validity of
Dietary Assessment in Athletes: A Systematic Review. Nutrients. 2017;9.

. Sanchez-Diaz S, Yanci J, Castillo D, Scanlan AT, Raya-Gonzalez J. Effects

of nutrition education interventions in team sport players. A systematic
review. Nutrients. 2020;12:3664.

Desbrow B. Youth athlete development and nutrition. Sports Med.
2021;51:3-12.

Ackerman KE, Stellingwerff T, Elliott-Sale KJ, Baltzell A, Cain M, Goucher K,
et al. #REDS (Relative Energy Deficiency in Sport): time for a revolution in
sports culture and systems to improve athlete health and performance.
Br J Sports Med. 2020;54:369-70.

. Michie S, van Stralen MM, West R. The behaviour change wheel: a new

method for characterising and designing behaviour change interven-
tions. Implement Sci. 2011,6:42.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

5.

Page 10 of 11

Bentley MR, Mitchell N, Sutton L, Backhouse SH. Sports nutrition-
ists' perspectives on enablers and barriers to nutritional adherence
in high performance sport: a qualitative analysis informed by the
COM-B model and theoretical domains framework. J Sports Sci.
2019;37:2075-85.

. Costello N, McKenna J, Sutton L, Deighton K, Jones B. Using contem-

porary behavior change science to design and implement an effective
nutritional intervention within professional Rugby League. Int J Sport
Nutr Exerc Metab. 2018;28:553-7.

. Brauman K, Achen R, Barnes JL. The five most significant barriers

to healthy eating in collegiate student-athletes. J Am Coll Health.
2021;2021:1-7.

. Trakman GL, Forsyth A, Devlin BL, Belski R. A systematic review of ath-

letes’and coaches’ nutrition knowledge and reflections on the quality
of current nutrition knowledge measures. Nutrients. 2016;8:570.

. Thurecht RL, Pelly FE. Development of a new tool for managing per-

formance nutrition: the athlete food choice questionnaire. Int J Sport
Nutr Exerc Metab. 2019;2019:1-22.

Wells KR, Jeacocke NA, Appaneal R, Smith HD, Vlahovich N, Burke LM,
et al. The Australian Institute of Sport (AIS) and National Eating Disor-
ders Collaboration (NEDC) position statement on disordered eating in
high performance sport. Br J Sports Med. 2020;54:1247-58.

Lacey K, Pritchett E. Nutrition Care Process and Model: ADA adopts
road map to quality care and outcomes management. J Am Diet Assoc.
2003;103:1061-72.

Larson-Meyer DE, Woolf K, Burke L. Assessment of nutrient status in
athletes and the need for supplementation. Int J Sport Nutr Exerc
Metab. 2018;28:139-58.

PodderV, Lew V, Ghassemzadeh S. SOAP Notes. StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2021 [cited 2021 Apr 26].
http://www.ncbi.nlm.nih.gov/books/NBK482263/

de Lauzon B, Romon M, Deschamps V, Lafay L, Borys J-M, Karlsson J,
et al. The three-factor eating questionnaire-R18 is able to distinguish
among different eating patterns in a general population. J Nutr.
2004;134:2372-80.

Tam R, Beck KL, Gifford JA, Flood VM, O'Connor HT. Development of
an electronic questionnaire to assess sports nutrition knowledge in
athletes. J Am Coll Nutr. 2020;2020:1-9.

Trakman GL, Forsyth A, Hoye R, Belski R. Development and validation
of a brief general and sports nutrition knowledge questionnaire and
assessment of athletes' nutrition knowledge. J Int Soc Sports Nutr.
2018;15:17.

Kennedy LG, Kichler EJ, Seabrook JA, Matthews JI, Dworatzek PDN.
Validity and reliability of a food skills questionnaire. J Nutr Educ Behav.
2019,51:857-64.

Mountjoy M, Sundgot-Borgen J, Burke L, Carter S, Constantini N, Lebrun
C, etal. The IOC consensus statement: beyond the Female Athlete
Triad—Relative Energy Deficiency in Sport (RED-S). Br J Sports Med.
2014;48:491-7.

Mountjoy M, Sundgot-Borgen JK, Burke LM, Ackerman KE, Blauwet C,
Constantini N, et al. IOC consensus statement on relative energy defi-
ciency in sport (RED-S): 2018 update. Br J Sports Med. 2018;52:687-97.
de Borja C, Holtzman B, McCall LM, Carson TL, Moretti LJ, Farnsworth N,
et al. Specific dietary practices in female athletes and their association
with positive screening for disordered eating. J Eat Disord. 2021;9:50.
Beals KA, Manore MM. Behavioral, psychological, and physical character-
istics of female athletes with subclinical eating disorders. Int J Sport Nutr
Exerc Metab. 2000;10:128-43.

Hazzard VM, Schaefer LM, Mankowski A, Carson TL, Lipson SM, Fendrick C,
et al. Development and validation of the Eating Disorders Screen for Ath-
letes (EDSA): a brief screening tool for male and female athletes. Psychol
Sport Exerc. 2020;50: 101745.

Wagner AJ, Erickson CD, Tierney DK, Houston MN, Bacon CEW. The diag-
nostic accuracy of screening tools to detect eating disorders in female
athletes. J Sport Rehabil. 2016;25:395-8.

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.

. Patrick H, Williams GC. Self-determination theory: its application to health

behavior and complementarity with motivational interviewing. Int J
Behav Nutr Phys Act. 2012;9:18.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6160746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6160746/
http://search.proquest.com/docview/2329670080/abstract/E2920698D5A8427EPQ/1
http://search.proquest.com/docview/2329670080/abstract/E2920698D5A8427EPQ/1
https://search-proquest-com.ezproxy.lib.ryerson.ca/docview/1926314045/abstract/D4B2602E927545CAPQ/1
https://search-proquest-com.ezproxy.lib.ryerson.ca/docview/1926314045/abstract/D4B2602E927545CAPQ/1
http://www.ncbi.nlm.nih.gov/books/NBK482263/

Iwasa-Madge and Sesbreno Sports Medicine - Open

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.
56.
57.

58.

(2022) 8:142

Cadena-Schlam L, Lopez-Guimera G. Intuitive eating: an emerging
approach to eating behavior. Nutr Hosp. 2014;31:995-1002.

Ryan RM, Deci EL. Self-determination theory and the facilitation of intrin-
sic motivation, social development, and well-being. American Psycholo-
gist US: American Psychological Association. 2000;55:68-78.
Patton-Lopez MM, Manore MM, Branscum A, Meng Y, Wong SS. Changes
in sport nutrition knowledge, attitudes/beliefs and behaviors following
a two-year sport nutrition education and life-skills intervention among
high school soccer players. Nutrients. 2018;10:1636.

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;29:628-35.

Otten JJ, Cheng K, Drewnowski A. Infographics and public policy: using
data visualization to convey complex information. Health Affairs Health
Affairs. 2015;34:1901-7.

Oldenburg B, Glanz K, editors. Chapter 14: Diffusion of Innovations.
Health behavior and health education: theory, research, and practice. 4th
ed. San Francisco, CA: Jossey-Bass; 2008.

Guilland J, Aubert R, Lhuissier M, Peres G, Montagnon M, Fuchs F, et al.
Computerized analysis of food records: role of coding and food composi-
tion database. Eur J Clin Nutr. 1993;47:445-53.

Capling L, Gifford JA, Beck KL, Flood VM, Slater GJ, Denyer GS, et al. Devel-
opment of an athlete diet index for rapid dietary assessment of athletes.
Int J Sport Nutr Exerc Metab. 2019,29:643-50.

Braakhuis AJ, Meredith K, Cox GR, Hopkins WG, Burke LM. Variability

in estimation of self-reported dietary intake data from elite athletes
resulting from coding by different sports dietitians. Int J Sport Nutr Exerc
Metab. 2003;13:152-65.

Ji'Y, Plourde H, Bouzo V, Kilgour RD, Cohen TR. Validity and usability of a
smartphone image-based dietary assessment app compared to 3-day
food diaries in assessing dietary intake among Canadian adults: rand-
omized controlled trial (Preprint) [Internet]. JMIR mHealth and uHealth;
2019 Nov. http://preprintsjmir.org/preprint/16953

Pérez Rodrigo C, Aranceta J, Salvador G, Varela-Moreiras G. Food fre-
quency questionnaires. Nutr Hosp. 2015;31(Suppl 3):49-56.

Capling L, Gifford JA, Beck KL, Flood VM, Halar F, Slater GJ, et al. Relative
validity and reliability of a novel diet quality assessment tool for athletes:
the Athlete Diet Index. Br J Nutr. 2020;13:126.

Iwasa-Madge K. Development and Pilot-Testing of a Smartabase-Deliv-
ered Food Frequency Monitoring Tool — Canadian Strength and Condi-
tioning Association [Internet]. 2021 [cited 2021 Feb 20]. http://canadianst
rengthca.com/development-and-pilot-testing-of-a-smartabase-deliv
ered-food-frequency-monitoring-tool/

Saw AE, Main LC, Robertson S, Gastin PB. Athlete Self-Report Measure Use
and Associated Psychological Alterations. Sports (Basel) [Internet]. 2017
[cited 2020 Dec 11;5. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC59
68966/

Alhassan S, Kim S, Bersamin A, King AC, Gardner CD. Dietary adherence
and weight loss success among overweight women: results from the A
TO Z weight loss study. Int J Obes. 2008;32:985-91.

Moore WJ, McGrievy ME, Turner-McGrievy GM. Dietary adherence and
acceptability of five different diets, including vegan and vegetarian diets,
for weight loss: The New DIETs study. Eat Behav. 2015;19:33-8.

Garthe |, Raastad T, Refsnes PE, Sundgot-Borgen J. Effect of nutritional
intervention on body composition and performance in elite athletes. Eur
J Sport Sci. 2013;13:295-303.

Arno A, Thomas S. The efficacy of nudge theory strategies in influencing
adult dietary behaviour: a systematic review and meta-analysis. BMC
Public Health. 2016;16:676.

Doherty R, Madigan S, Warrington G, Ellis J. Sleep and nutrition interac-
tions: implications for athletes. Nutrients. 2019;11:822.

Walsh NP. Nutrition and athlete immune health: a new perspective.
Gatorade Sports Sci Inst. 2019;29:8.

Higgs C, Way R, HarberV, Jurbala P, Balyi |, Carey A, et al. Long-term devel-
opment in sport and physical activity. 2019;48.

Lutter M, Nestler EJ. Homeostatic and hedonic signals interact in the
regulation of food intake. J Nutr. 2009;139:629-32.

Espel-Huynh HM, Muratore AF, Lowe MR. A narrative review of the
construct of hedonic hunger and its measurement by the Power of Food
Scale. Obes Sci Pract. 2018:4:238-49.

Page 11 of 11

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

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://preprints.jmir.org/preprint/16953
http://canadianstrengthca.com/development-and-pilot-testing-of-a-smartabase-delivered-food-frequency-monitoring-tool/
http://canadianstrengthca.com/development-and-pilot-testing-of-a-smartabase-delivered-food-frequency-monitoring-tool/
http://canadianstrengthca.com/development-and-pilot-testing-of-a-smartabase-delivered-food-frequency-monitoring-tool/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5968966/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5968966/

	A Proposed Conceptual Sport Nutrition Approach for Athlete Development and Assessment: The Athlete Nutrition Development Approach
	Abstract 
	Key Points
	Introduction
	Components
	Tier 1: Determinants of Eating Behaviours
	Key Determinants
	Tier 1: Assessment Tools
	Tier 1: Development Tools

	Tier 2: Eating Behaviours and Dietary Intake
	Tier 2: Assessment Tools
	Tier 2: Development Tools

	Tier 3: Consequences of Dietary Intake
	Four Pillars of Athlete Development
	Tier 3: Assessment Tools
	Tier 3: Development Tools


	Applications of the Approach
	Conclusion
	Acknowledgements
	References


