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ABSTRACT

A more holistic approach has been encouraged to explore complex issues, such as nutrition-related health outcomes, before addressing
any specific question to explain the whole. The analysis at the meal pattern level allows assessing the combined effect of food compounds
synergy and to be translated into meaningful results, such as dietary guidelines. This review describes different approaches to define
eating occasions and previous evidence on the association between meal patterns and weight status. A variety of definitions of an
eating occasion has been used in previous research, including time-of-day’, ‘participant-identification’, ‘food-based classification’,
and ‘neutral’. Moreover, to optimize the differentiation between a main meal and a snack more than one criterion should be used. The
inconsistency in definitions of eating occasions might impact the associations with health outcomes, namely body weight, and hamper
data interpretation and comparison between studies.

KEYWORDS
Eating frequency, Holistic approach, Meal patterns, Obesity

RESUMO

Ao abordar problemas de saude relacionados com alimentagao, uma abordagem mais holistica tem sido encorajada, antes de
abordar qualquer questao especifica para explicar o todo. A anélise ao nivel de padrdes de refeigcéo permite avaliar o efeito combinado
da sinergia de diferentes alimentos e ser traduzida em resultados significativos, como recomendagdes alimentares. Esta revisao
pretende descrever diferentes abordagens para definir refeigdes e evidéncia prévia sobre a associagao entre o padrao da refeigéo e
peso corporal. Uma variedade de definicdes do que constitui uma refeigao tem sido usada em investigagdes anteriores, incluindo a
'hora do dia', 'identificacéo pelo participante', 'classificacao baseada no alimento' e 'neutra’. Além disso, para otimizar a diferenciacéo
entre uma refeicao principal e um lanche (snack), mais de um critério devera ser usado. A inconsisténcia nas definicbes do que
constitui uma refeicao, pode influenciar as suas associagdes com o peso corporal e dificultar a interpretacéo dos resultados e a
comparacao entre diferentes estudos.

PALAVRAS-CHAVE
Numero de refeigdes, Perspetiva/abordagem holistica, Padréo da refeicao, Obesidade

INTRODUCTION these phenomena, with real improvements in the public

In the past decades, a reductionist approach has
dominated nutrition research, with the focus on individual
dietary constituents, such as essential nutrients, and
their relationship with specific physiologic effects (1,
2). This reductionist paradigm consists of explaining a
complex phenomenon by studying their separate entities’
functional properties (3). This approach has led to a
better understanding of how nutrients, or other bioactive
compounds, affect human metabolism. For instance, the
discovery of the role of vitamins had a huge impact on
people’s health, especially in developing countries where
hypovitaminosis is prevalent (4). However, the increasing
prevalence of diet-related chronic diseases, such as obesity
and cardiovascular disease worldwide (5, 6) has pushed
forward researchers to explore new ways to disentangle

health. So recently, researchers have been encouraged
to explore complex issues through a holistic view before
addressing any specific question to explain the whole. In that
way, strategies such as assessing dietary patterns rather
than isolated food compounds or nutrients, or evaluating
different dimensions of eating habits (e.g. diet quality and
meal patterns) are encouraged. Moreover, the examination
of food combination at the meal level provides an interesting
approach, following this point of view, by expressing
cumulative and interaction effects of foods and nutrients,
overcoming the limitations of the study of nutrients or
isolated foods. This review will explore different classification
systems to define an eating occasion, and how this might
influence the association between eating frequency and
health outcomes, taking as an example the weight status.
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Meal patterns: definition of an eating occasion

A lack of public health recommendations on eating frequency or
temporal distribution of meals is common at European level, especially
in young populations (7). Eating behaviours can influence the diet
quality and health outcomes, being the ‘skipping breakfast’ the most
reported eating behaviour associated with a worse diet quality (8, 9)
and with poor cardiometabolic health outcomes, including a higher
body mass index (BMI) (10, 11). Nevertheless, evidence for other
types of eating behaviours, such as eating frequency, has been less
consistent (12). One explanation is the inconsistency in definitions
of eating behaviour, which might hamper data interpretation and
comparison between studies (12). Accordingly, differences in the
characterization of eating behaviours, namely those related to meal
patterns, may affect the direction and magnitude of the association
between diet and health outcomes (13).

The terms ‘eating occasion’ (EO) or ‘eating event’ are usually used
to describe any occasion where food or drink is consumed, and
thus includes all meal types. However, there is no consensus on a
universal definition of what constitutes an EO and how to differentiate
main meals from snacks (14). This differentiation requires attention,
as people tend to give a different perception to an EO, which in
turn could influence significantly their dietary intake. Experimental
studies showed that adults who define a particular EO as a main
meal, based on some eating cues (i.e. use of dishes and utensils and
being seated at a table), may reduce caloric intake later in that day
(15). In anintervention study, undergraduate students reported feeling
less satiated by a snack than a meal, even when the two EO were
isocaloric (16). These peculiarities highlight that simply the label of an
EO, by the individual, as meal or snack may influence food choice,
satiety, and daily energy intake (17). Hence, researchers have advised
to avoid the word ‘snack’ when collecting information on individuals’
eating patterns and to simply ask participants, for example, to record
meals and food and drinks consumed between meals (17). A variety
of approach has been described in the literature to define an EO,
main meals and snacks, namely time-of-day, participant-identified,
food-based classification (FBC) and neutral (13). Each classification
system has its own strengths and limitations, and can potentially
influence the outcome and interpretation of results. These definitions
are discussed below and summarized in Table 1.

Time-of-day

This approaches defines meals based on the time-of-day in which
food or drinks were consumed. The main meal may be defined as
the largest EO (e.g. the highest percentage of energy) occurring
between specific time intervals, while smaller EOs and any EOs
occurring outside these intervals are considered as snacks. While

Table 1

this approach is easy to apply and understand, it does not capture
meals eaten at unusual times, such as among shift workers and it
requires a measure of time of eating. In addition, a bias towards
traditional eating patterns might occur, as these time frames might
be influenced by local or cultural factors, limiting comparison across
different countries or cultural groups. Moreover, a definition of meals
based on time might become more complex on weekend days or
during holidays periods (13).

Neutral

The neutral approach defines an EO as any occasion when foods
or drinks are consumed. The advantage of this definition is that it
can be standardized and results are more comparable over time
and across studies. Additional criteria have been used to define EO
using the neutral definition, such as the time intervals between EO
(e.g. 15min), a minimum of energy per EO (e.g. 210 kJ/50 Kcal) and
whether beverage-only EO are included or not. Noteworthy, these
criteria have also been used in other definitions, namely the time-of-
day and participated-identified, in order to define a separate meal and/
or snack (13). A mixed approach, using both neutral and time-of-day
approaches, was previously used to define EO among 4 and 7-year-
old Portuguese children. Using data from 3-day food diaries, EO was
defined as any occasion when food or drink was consumed with 30
min apart and provided a minimum of 210kJ (50 kcal) of energy (neutral
approach) (18). Afterwards, a time-of-day approach was used to define
a ‘main meal’ and a ‘snack’ event. The main meal was defined as
the EO providing more energy content between 6 am and 9.30 am
(breakfast), between 11 am and 2.30 pm (lunch) and between 7 and
9.30 pm (dinner). All other eating occasions were considered snacks
events. One of the limitations of using a time-of-day approach is that it
does not capture unusual time of feeding, such as among shift workers,
however, as the authors had evaluated eating frequency of young
children, a more typical pattern of feeding is likely to occur.

Participant-identified
This definition implicates that participants are asked to report their

own EQO, distinguishing between main meals and snacks, usually
using a list of pre-specified meal labels (e.g. breakfast, lunch, dinner,
or snacks). This approach avoids the use of a complex criterion to
classify main meals and snacks; however, the definition cannot be
standardized due to participant’s subjectivity (13). This definition
relies on an individual’s perception of a meal or snack which might
vary, depending on using the terms ‘a snack’, ‘snacks foods’ or
‘snacking’ (17). Moreover, the researcher must decide how to treat
the EOs that are not clearly defined as a main meal or a snack by
the participant and whether EOs occurring close in time should

Summary of different approaches used to define eating occasions (EO)

Time-of-day Based on time intervals during which EO occur

Easy to apply and understand. Focus on ‘when’
foods are consumed

Bias towards traditional eating patterns. Not
apply to individuals with varied meal times (e.g.
shift workers)

Participant-identified

Food-based
classification

Neutral

Participant report their own EO, using a list of
pre-specified meal labels

Foods are categorized into food categories
based on their nutritional profile. The
combinations determine the type of EO

A neutral term (e.g. ‘eating event’) is used to
collect meal pattern data

Avoids the use of a complex ‘a priori’ definition
of different EO (e.g. meals and snacks)
Provides information on both qualitative and
quantitative aspects of the patterning of eating
events

Standardized and consistent. Findings may be
more comparable over time and across studies

Definition is not standardized (participants’
subjectivity). Might occur researcher bias
Complex categorization system. Differences in
classification criteria of meals and snacks may
limit comparison across studies

Loss of qualitative information about
individuals’ perceptions of what constitutes
a meal/snack. Need to add additional criteria
(e.g. minimum-energy criterion)
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be combined using additional time criteria. Using national data
from Portuguese 3-9-year-old children, the ‘participant-identified’
approach was used to define an EO (19). The main caregiver had
identified 12 predefined food consumption occasions (ranging from
‘before breakfast’ to ‘during evening/at night’). All EO reported in
the food diaries were considered as separated intake occasions if
the time of eating was different from another EO and providing at
least 210kJ (50 kcal) of energy. However, the differentiation between
‘main meal’ and ‘snacks’ events was performed a posteriori by the
researchers: the main meals were defined as breakfast, lunch or
dinner (respondents could only select one of each) and all the other
eating occasions were classified as snacks. With this methodological
decision, the authors were able to overcome some limitations of the
‘participant-identified’ approach, such as participants’ subjectivity
of what constitutes a main meal and what constitutes a snack.

Food-based classification (FBC)

In this approach, foods are categorized into food categories based on
their nutritional profile. The type of EO, ranging from a complete meal
(high nutrient density) to a low—quality snack (low nutrient density), is
based on food category combinations. Another variation of the FBC is to
distinguish main meals and snacks based on core and non-core foods.
This classification was first used by Lennernas & Andersson (20) and
was based on seven food categories that included food items of similar
nutrient characteristics within each category. Taking into consideration
the combination of food categories each EO was categorized as any
four types of main meals (e.g. complete meal, less balanced meal or
vegetarian meal) or four types of snacks (eg. High-quality snacks). An
EO was considered as a “meal” if had included more food categories
for high nutrient density (e.g. meat and meat products, fish, vegetables,
legumes, fruit and dairy) than a snack. In a practical example, an EO
including only chocolate would be considered “low-quality snack”, but
an EO including both an apple and chocolate would be considered
“Mixed-quality snacks”. This approach intended to encompass both
qualitative and quantitative aspects of meal patterns, however, due to
its complex categorization is use is limited. Additionally, differences in
criteria to classify meals and snacks (e.g. nutrient profiles vs. energy
density of foods) may limit comparison across studies and generalizability
of this classification (13).

A previous research (21) has examined the influence of eight different
definitions of EO on the characterization of eating patterns among
adults and the extent to which they predict the proportion of variance
in the total energy intake. It was the neutral definition, with a 15-min
time interval plus a 210 kd (50 Kcal) energy criterion, which best
predicted the variance in total energy intake. One of the advantages
of using this definition is that it can be standardized and comparable
over time and across different studies (13). Overall, the study showed
that different approaches to the definition of EOs affect how eating
patterns are characterized (21). Nevertheless, even in the absence
of a universal definition, a clear description of what is considered
to constitute an EO should always be provided in manuscripts
investigating the topic of EO (22).

Meal patterns and obesity

Research at the ‘meal’ level has shown that specific meal
characteristics, such as the nutrient composition, eating frequency
or regularity of meals, could influence adverse outcomes in health,
such as obesity, insulin resistance, and metabolic syndrome,
independently of other risk factors (23-29). Most of the studies have
focused particularly on the topic of eating frequency (26-35). In that

way, increased eating frequency might actually lead to a higher
exposure to energy-dense foods, such as fast food and soft drinks,
and large-portion-size foods, resulting in an increased hunger, excess
energy intake, and ultimately unhealthy body weight gain (30-32).
Nevertheless, some studies among adults showed that a greater meal
frequency is associated with a healthier weight status (33, 34). Indeed,
a recent systematic review of 31 observational studies among adults
(30), found fourteen studies that reported an inverse association
between eating frequency and body weight or body composition,
and seven studies reporting a positive association. Although in men,
a potential protective effect was consistently described, the authors
concluded that there was not enough evidence for establishing a clear
association between eating frequency and body weight in adults. A
previously meta-analysis (35) found an overall inverse association
between eating frequency and the likelihood of being overweight
or obese in children and adolescents. However, when stratified by
sex, the effect remained significant only in boys. The presence of
publication bias and heterogeneity of studies might in part explain
these differences, and further research was advised. More recently,
in centrally obese children, eating frequency was associated with a
higher BMI and no association was found between physical activity
level and eating frequency (36). Among very young children, using a
longitudinal approach, the daily eating frequency was not associated
with the current or subsequent change in BMI (37). The authors
justified, in part, these null associations due to a potential improvement
of internal energy self-regulation by young children, in comparison
with older children (37). Among healthy weight children aged 9-10
years, increased eating frequency was positively associated with
higher levels of physical activity and improved composition of snacks
and breakfast in terms of F&Y, fat, fiber and carbohydrates (36). It was
previously described that eating frequency is somewhat stable during
childhood as a moderate correlation between the number of EO at
4 and 7 years of age was found (18). Also, using a robust definition
of EO, a lower daily eating frequency was associated with increased
odds of being overweight or obese in a national representative sample
of Portuguese children (19).

Overall, the results between eating frequency and weight status
should be interpreted with caution due to potential methodological
limitations associated with the different studies. Besides the difficulty
in interpretation of previous research related to the fact that there is
no universal definition about what constitutes an EO, main meals or
a snack, assessment of eating frequency has often been based on
self-reported questionnaires (38-44), while just a few have assessed
eating frequency using information on actual dietary habits (using
e.g. food diaries or 24h recall) (18, 36, 37, 45). Another issue is the
potential for underreporting by obese or overweight individuals (46,
47) that might confound the association between eating frequency
and adiposity.

CONCLUSIONS

To optimize the definition of a main meal or a snack more than one
criterion should be used. This would allow avoiding ambiguities about
what constitutes a main meal and what constitutes a snack. The
collection of the time of consumption, as well as the identification of
the eating occasion by the participant, seems to be a recommended
strategy to study the impact of specific meal patterns on health
outcomes. A more consistent approach to the definition of EO will
facilitate appropriate interpretation of present and future research,
improving the knowledge of the role of eating frequency on health.
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