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Abstract: Childhood overweight/obesity (OV/OB) is a major public health problem, of greater concern when
accompanied with comorbidities such as hypertension and insulin resistance leading to metabolically
unhealthy obesity (MUO). Aetiologic associations between meal patterns, OV/OB risk and MUO are limited.
The aim of this systematic review was to explore associations between meal patterns and the risk of childhood
OV/OB and MUO. Longitudinal studies and randomised controlled trials from PUBMED and Scopus
published between January 2013 - April 2024 were retrieved. Twenty-eight studies were included, all of which
reported on OV/OB risk; none on MUO risk. Regular consumption of breakfast and family meals and avoiding
dining while watching TV may be protective factors against childhood OV/OB, whereas meal skipping
(primarily breakfast) may be a detrimental factor. Mixed effects of meal frequency on OV/OB risk were
observed; no effects of frequency of lunch or of fast-food consumption and of meals served at school were
found. There was insufficient evidence to support the role of other patterns (meal timing, eating in other social
contexts). Meals were mainly participant-identified, leading to increased heterogeneity. Research focusing on
childhood MUO and improved methodological approach (e.g. harmonised definitions) regarding the
assessment of meal patterns are highly warranted.

Keywords: childhood obesity; metabolically unhealthy obesity; meal patterns; breakfast; lunch;
dinner; snacks; meal frequency; meal context; meal timing

1. Introduction

Childhood obesity remains one of the most significant global public health challenges of the 21st
century. According to the Non-Communicable Diseases Risk Factor Collaboration, from 1990 to 2018
the age-standardised prevalence of childhood obesity increased in the vast majority of countries

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202407.2593.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2024 doi:10.20944/preprints202407.2593.v1

worldwide (93% of countries in girls and 98% in boys) [1]. The prevalence of overweight (including
obesity) and obesity in Europe remains at alarmingly high rates (29% and 13% in boys aged 6-9 years;
27% and 9% in girls aged 6-9 years, respectively), with significant variations among countries [2]
while in the U.S.A., a 20-year analysis highlighted a significant increase of about 30% in the
prevalence of obesity and almost a 2-fold increase in severe obesity (defined as Body Mass Index
(BMI) 2120th percentile of U.S. Centers for Disease Control and Prevention growth charts in the
U.S.A)) in children aged 2-19 years [3].

Research so far has focused on the causes and risk factors of obesity, such as early life exposures
/ perinatal factors, growth trajectories, socioeconomic factors, physical environment and lifestyle
habits (diet, physical activity, sedentary activities, sleep) [4,5]. The role of diet in childhood
overweight/obesity (OV/OB) has been variously studied in terms of nutrients and food groups intake
or adherence to dietary patterns [6-8]. There is, however, an interest towards other approaches to
examine relationships between diet and health or disease that also capture other dimensions of eating
habits, such as consumption of meals and snacks. For example, the family meal has been identified
as an entry point for intervention, as it constitutes a social setting with the potential to shape
children’s eating behaviours from a young age [9]. A dietary approach in the context of meals, e.g.
meal preparation, could complement dietary consultations and may be a more practical and easy
way to convey clear messages to children and families.

A “meal pattern” has been used in the literature as a term to describe an individual’s dietary
habits either at the level of meals or eating occasions [10,11]. The term “eating occasion” or “eating
event” or “eating episode” describes any consumption of food based on specific characteristics, such
as timing of the day, energy content, combination of foods, usually discerning eating occasions as
main meals (i.e. breakfast, lunch, dinner) and snacks [10]. Meals have also been described in relation
to their format (i.e. combination of foods or content of nutrients) and the context/environment the
meals are consumed (i.e. with the presence of other people or while doing an activity) [11]. There is,
however, heterogeneity in the assessment of meal patterns in the literature, as different definitions of
a meal have been applied across studies. A meal can be participant-defined through self-reporting
[12] or it is defined according to the time it is consumed within the day [13], according to the energy
content [14] or a combination of both [10], which may affect the interpretation of the findings [10].

In relation to childhood OV/OB, published systematic reviews have highlighted the role of
different aspects of meal patterns on the risk of OV/OB, but evidence derives primarily from cross-
sectional studies. For example, a meta-analysis exploring associations between frequency of family
meals and children’s health showed that having frequent family meals was associated with a lower
BMI and better overall diet quality; nevertheless 67 out of the 75 included studies had a cross-
sectional design [9]. Similarly, an earlier meta-analysis of 10 cross-sectional and one case-control
studies showed an inverse association of eating frequency (defined as the total number of eating
episodes per day) and childhood OV/OB status in boys, but not girls [15]. The systematic review
conducted by Monzani et al. [16] included 37 articles, 32 of which were cross-sectional, and it reported
that skipping breakfast was associated with an increased risk or prevalence of OV/OB [16]. A meta-
analysis that examined the association of meal timing and adiposity showed weak associations
between higher energy intake close to bedtime and evening meal skipping with adiposity, but 17 out
of 20 included studies had a cross-sectional design [17]. To date, there is no systematic review to
capture different dimensions of meal patterns and their associations with the risk of developing
childhood OV/OB based on findings from longitudinal or randomized intervention studies that allow
exploration of causality.

An emerging issue in relation to childhood OV/OB is the development of associated
comorbidities, such as diabetes, hypertension, lipid abnormalities and liver dysfunction, which are
often used to define metabolically unhealthy obesity (MUO) [5,18]. Children and adolescents with
obesity have an increased prevalence ratio of 1.4 to develop prediabetes, 21.2 for cardiovascular
disease and 26.1 for metabolic-associated steatotic liver disease, compared to children with normal
weight [18]. Children with obesity are also more likely to live with obesity in adult life which is
associated with comorbidities across the life course [5]. The role of diet, let alone of meal patterns, in
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relation to MUO in children and adolescents has been scarcely explored and very few interventions
have evaluated markers of MUO [19-21].

Meal pattern consumption remains an interesting dimension of eating habits that could
contribute in the engagement of optimal behaviours and lifestyle modification within the context of
overweight and associated comorbidities prevention and management. The aim, therefore, of this
review was to systematically gather all available evidence from longitudinal cohorts or randomised
interventions exploring effects of meal patterns on the risk of developing OV/OB and MUO in
children and adolescents.

2. Materials and Methods

The systematic review was conducted according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines [22,23] (Supplementary material 1: PRISMA 2020
Checklist). The study was registered in the PROSPERO international prospective register of
systematic reviews, of the National Institute for Health and Care Research (Title: The association of
meal patterns and risk of obesity and metabolically unhealthy obesity in children and adolescents;
registration number CRD42023477708).

2.1. Search Strategy

A systematic search was conducted in May 2024 in two databases (MEDLINE/Pubmed, Scopus)
to identify studies which evaluated the role of meal patterns in childhood and adolescent OV/OB risk
and MUO risk, published within the last decade (in specific January 2013 — April 2024). Research
questions and search keywords were guided from the “Population, Exposure, Comparator,
Outcome” (PECO) model for epidemiological studies and the “Population, Intervention,
Comparator, Outcome” (PICO) model for interventional studies (Table 1) [24]. Selection of exposures
parameters was guided by Leech et al. [11] and included frequency of / omitting meals, consumption
of meal within different contexts (e.g. while watching TV) and environments (e.g. at home) and meal
quality. Outcome measures related to OV/OB included anthropometric indices, BMI/BMI z-score and
body composition parameters. Indicators for MUO included blood pressure, blood lipids, glucose
metabolism and metabolic comorbidities. Keywords were formulated according to the PECO/PICO
model are available in Supplementary Material S2.

Table 1. Population, Intervention/Exposure, Control, Outcome criteria.

Variable Definition

Population Children/ adolescents: 2-19 years old

Exposure/ High / Low eating / meal and snack frequency; early / late timing of Breakfast,
Intervention lunch or dinner; low / high levels of omitting of a meal; types of food eaten in

different social contexts (alone v. with others); types of food consumed while
watching TV v. other activities; meals consumed at home v. out of the home; high
/ low meal composition/quality
Interventions promoting increased meal frequency; early timing; low levels of
omitting meals; eating food with others; food consumed without activities; meals
consumed at home; eating high quality meals

Comparator Low / High eating / meal and snack frequency; late / early timing of breakfast, lunch
or dinner; high / low levels of omitting of a meal; types of food eaten in different
social contexts (alone v. with others); types of food consumed while watching TV v.
other activities; meals consumed at home v. out of the home; low / high meal
composition/quality
No intervention; intervention of a different meal pattern; standard care

e (OV/OB risk
e MUO risk

Outcome
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2.2. Eligibility Criteria

Inclusion criteria reflected the research questions, ie. the population, the
exposures/interventions and the outcomes of interest, as well as the study design. Original, peer-
reviewed articles, conducted in children and adolescents (age range 2-19 years old as defined by the
World Health Organisation [25] for baseline and follow-up), published from 2013 to 2024, which
evaluated outcomes related to OV/OB or MUO were included. Only longitudinal studies and
randomised controlled clinical trials (RCTs) were included to ensure a better quality of
methodological design that could also allow aetiological assumptions. A minimum follow-up of 12
months was also applied to both study designs, which was deemed adequate to observe meaningful
effects of meal patterns on OV/OB and MUO risk. Search was also refined to include only studies
conducted in countries with a westernised way of living and in populations of a similar genetic
background (i.e. Caucasian origin; Europe, U.S.A., Canada, Oceania).

Studies conducted in animals and people <2 or >19 years old; studies conducted in Asia, Africa
and South America; reviews, letters, editorials, review protocols and pre-prints; cross-sectional
studies, in-vitro, in-vivo animals or in silico studies and non-randomised, uncontrolled clinical trials
were excluded. Also, studies with multidisciplinary lifestyle observations or interventions with no
clear analysis of the association between meal patterns and risk of OV/OB or MUO were also
excluded. Due to the nature of the research question, studies evaluating meal patterns and MUO
indicators in children without OV/OB at baseline and/or follow-up were also excluded.

2.3. Selection of Studies and Data Extraction

All studies identified from databases were imported in the Zotero software
(https://www.zotero.org). Following the removal of duplicates, studies were screened for eligibility
in two stages. Initially, a title and abstract screening was performed independently by two
researchers (GS and AK). After exclusion based on titles and abstracts, all remaining articles were
considered for full-text review by both researchers, who applied the eligibility criteria for the final
selection. Disagreements at any stage were resolved by a third researcher (EB).

Data extraction was performed by one researcher (GS), with a second researcher (AK) randomly
checking a sample of the eligible reports. Any disagreement was resolved by a third researcher (EB).
Extracted information included:

—  Study information: first author’s name, year of publication, acronym, country, setting, duration)
-~ Population: sample size, baseline age and sex distribution

—  Exposure(s) where relevant: type, definition, assessment method

—  Intervention (where relevant): groups, randomization, components, mode of delivery, duration
—  Outcome(s): type, definition, assessment method

—  Statistical analysis: analyzed sample, statistical model, covariates

—  Study results: main findings

Throughout the process, in case of missing information or uncertainties, relevant information
was sought in supplementary materials or directly from study investigators. Extracted information
is presented according to study design (prospective epidemiological studies or RCTs).

2.4. Risk of Bias

One researcher (GS) assessed the quality of all included studies and a second researcher (AK)
assessed a random 20% of the sample. The quality assessment of prospective epidemiological studies
was conducted with the Risk Of Bias In Non-randomized Studies - of Exposures (ROBINS-E) tool
(https://www.riskofbias.info/welcome/robins-e-tool) [26]. The ROBINS-E tool comprises of seven
domains: bias due to confounding; bias arising from measurement of the exposure; bias in selection
of participants into the study (or into the analysis); bias due to post-exposure interventions; bias due
to missing data; bias arising from measurement of the outcome; bias in selection of the reported result.

Each domain and the overall study are assessed as “low risk”, “some concerns”, “high risk” or “very
high risk”.
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The quality assessment of randomised controlled trials was conducted with the revised
Cochrane risk-of-bias tool for randomized trials (RoB 2) tool
(https://www .riskofbias.info/welcome/rob-2-0-tool/current-version-of-rob-2) [27]. The RoB2 tool
comprises of five domains: bias arising from the randomization process; bias due to deviations from
the intended interventions (effect of assignment to intervention or adhering to intervention); bias due
to missing outcome data; bias in measurement of the outcome; bias in selection of the reported result.
Each domain and the overall study are assessed as “low risk”, “some concerns” or “high risk”.

3. Results

The initial search yielded 3304 results (2493 from Scopus and 811 from MEDLINE/Pubmed).
After removal of duplicates (722), 2505 articles were excluded following review of title and abstract
and further 49 were excluded after full-text examination. Twenty-eight reports from 25 studies were
included in this review (Figure 1). All reports examined associations between meal patterns and
childhood OV/OB risk. No studies were found in relation to MUO risk.

| Identification of studies |
% Records identified from Records removed before
Databases: n = 3304 . screening. n=722
E Scopus (n = 2493) Duplicate records removed
E PUBMED (n=211) n=722
¥
Records screened . Records excluded
n=2582 n = 2505
kJ
Reports sought for retrieval Reports not retrieved
n=77 > n=0
L
Reparts assessed for eligibility # Reports excluded: n = 49
' m=77 Study design (n=19)
Country (n=13)
E Age range (n = 4)
Exposurefintervention not
(related to) meal patterns (n
Outcome not (related to)
OV/OB or MUO (n =8)
Exposure duration =12
months (n = 4)
Mo analysis between
exposure f intervention and
outcome (n=2)
Study population not with
OV/OB (for studies with
MUO as an outcome) (n=3)
L4
Reports of included siudies
n=2%
Qutcome: OV/OB {n = 28)
; Qutcome: MUO (n =0}
E Studies included in review
n=25
Outcome: OVW/OB {n = 25)
Qutcome: MUO (n = 0}

Figure 1. PRISMA Flow diagram for meal patterns, overweight/obesity risk and metabolically
unhealthy obesity risk. OV/OB: overweight/obesity; MUO: metabolically unhealthy obesity.
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3.1. Study Characteristics

Of the 28 included reports (25 studies), 13 studies were conducted in the U.S.A. [20,28-39], 12 in
Europe (U.K. [40-42], Netherlands [43,44], Germany [45,46], Republic of Ireland [47], Spain [48],
Norway [49], multicentre across different European countries [50,51]), one in Australia [52] and one
in New Zealand [53]). Finally, one study presented data from independent studies in different
countries (Germany, the Netherlands, UK, U.S.A.) [54]. All but one studies had a prospective
observational design, with a follow-up range between one and 10 years and one study employed a
RCT design [39], with a follow-up of 2.5 years. Analytic sample sizes ranged from 116 to 23,307
participants. The majority of studies recruited children and adolescents from school settings [29-
35,37-39,44-49,51,52,54], and fewer from clinics [20,28,32,43,53] or the general population [36,40—
42,54], while one study did not provide relevant information [50]. Most studies focused on school-
aged children (n = 9) [29-31,37,38,45-47,51], while others included both pre-schoolers and school-
aged children (n = 7) [20,28,35,40,41,50,54], both school-aged children and adolescents (n = 5)
[36,39,44,48,49], only pre-schoolers (n = 4) [32,42,43,53] and only adolescents (n = 3) [33,34,52].

Regarding bias, most prospective observational reports had an overall high risk of bias, mainly
due to risk of bias arising from measurement of the exposure (Table 2). For example, in several
studies, data on exposures derived from self-reported questionnaires, often completed by
parents/guardians. It was also unclear how meals were defined and whether clear instructions were
provided to the participants on what constituted a meal. Only four reports raised “some concerns”
in relation to bias [20,29,32,52] and no report had a low risk of bias. Most reports had a low risk of
bias in relation to selection of participants (28/28), post-exposure interventions (24/28) and selection of
reported results (23/28). The intervention included in this review [39] had a low risk of bias in four
domains (randomisation process, missing data, measurement of the outcome and selection of reported
result) and concerns raised in relation to one domain (deviation from intended intervention) (Table 3).

Table 2. Risk of bias assessment for the longitudinal studies reviewed regarding the meal patterns
factors associated with overweight/obesity risk.

Risk of bias for Longitudinal studies

Study (Author, year) DI__D2 D3 Di D5 D6 D7 _ Overall
Anderson, 2017 [40] - ++ - - - -+ ++
Bel-Serrat, 2018 [47] + ++ - - ++ - - ++
Berge 2023 [28] -+ - - + + - +++
Chang and Gable, 2013 [29] + + - - - - - +
Chang & Halgunseth, 2015 [30] + - - + - - +++
de la Rie, 2023 [54] - + - - ++ - + ++
Balvin Frantzen, 2013 [31] ++ - - - ++ - - ++
Gingras, 2018 [20] + + - - - - - +
Goetz, 2022 [32] + - - - - - - +
Gopinath, 2016 [52] - + - - - - - +
Jaeger, 2022 [50] ++ ++ - - + - - ++
Juton, 2023 [48] + - - + ++ + - ++
Kelly, 2016 [41] ++ + - - + + + ++
Kesztytis, 2016 [46] + ++ -+ ++  ++ - ++
Liechty & Lee 2015 [33] + - - - + ++ - ++
Lipsky, 2015 [34] - - - - + ++ - ++
Loren, 2022 [35] + +++ - - - - - +++

Mahmood, 2023 [51] + + - + ++ o+ - ++
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Narla & Rehkopf, 2018 [36] + ++ - - - +  ++ ++
Parkes, 2020 [42] - + - - + ++ - ++
Stea, 2014 [49] - - - =+ o+ - +++
Sudharsanan, 2016 [37] - ++ - - ++ - ++
Taylor, 2017 [53] + ++ - - + - - ++
Traub, 2018 [45] + ++ -+ + o+ - ++
Wang, 2017 [38] + ++ - - + - - ++
Wijtzes, 2016 [43] - ++ - - + +  ++ ++
Winter, 2016 [44] ++ -+ - - + + - +++

Di=domain of risk of bias, i=1-7 as follows: D1: due to confounding; D2: arising from measurement of the
exposure; D3: in selection of participants into the study (or into the analysis); D4: due to post-exposure
interventions; D5: due to missing data; D6: arising from measurement of the outcome; D7: in selection of the
reported result. Colour/symbol coding of risk of bias: - low risk of bias; + some concerns; ++ high risk; +++ very
high risk.

Table 3. Risk of bias assessment for the randomised controlled trial reviewed regarding the meal
patterns factors associated with overweight/obesity risk.

Risk of bias for randomized controlled trial
D1 D2 D3 D4 D5 Overall
Polonsky, 2019 [39] - + - - - +

Study (Author, year)

Di=domain of risk of bias, i=1-5 as follows: D1: arising from the randomization process; D2: due to deviations
from intended interventions; D3: due to missing data; D4: in measurement of the outcome; D5: in selection of
the reported result; Colour/symbol coding of risk of bias: - low risk of bias; + some concerns .

3.2. Main Exposures

A number of different exposures in relation to meal patterns were identified. The most
commonly studied exposure was frequency of consumption of/ skipping specific meals, such as
breakfast [20,29,31,33,34,36,37,41,43-47,51,54], dinner/evening family meals [20,29,34,43,51], and
lunch at home or at school [29,30,36,43,51]. In most studies, meals were self-reported without
evidence of a clear, objective definition on the timing or the content of a meal consumed. One study
provided a definition of breakfast [31], that is “the first meal in the morning consisting of any solid
food, beverages, or both and named by the respondent as ‘breakfast’”. In one study [34], participants
were asked how often they had breakfast “which was more than a glass of milk or fruit juice”,
whereas in another study [33] they were asked what they usually have for breakfast “on a weekday
morning”. Regarding lunch, two studies [29,30] defined school-provided lunch as “a full meal
including salad, soup, a sandwich”. Relevant information about how meals were defined and
assessed are included in Tables 4 and 5.

Included studies also examined the association of the consumption of other meal patterns with
childhood OV/OB, such as snacking [36,47] (one study [47] provided examples of snacks), eating fast
foods [20,34,36,47,52] (three studies provided examples [34,47,52] of fast foods) and having sugary
drinks in between meals [40]. Other exposures related to meal patterns included frequency of family
meals [28,36], family meal interpersonal quality [28], regular timing of meals [40], eating meals while
watching TV [20,34,36], eating while doing homework [36], eating alone [36], eating with friends [36],
first and last eating events [32], mealtime setting [36,42] and patterns of breakfast location
(combination of the variables “frequency” and “setting” in relation to breakfast) [38]. Some studies
examined the association of meal frequency/ eating occasion in childhood obesity, however the
definition of meal/eating occasion varied significantly among studies. In Jaeger et al. [50], an eating
occasion was defined as any occasion where food or beverages are consumed. In Taylor et al. [53] a
separate eating occasion was defined as “the start of the next meal or snack that had to be more than
15 min after the end of the previous meal or snack (i.e. separated by at least four five-minute blocks)”.
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Stea et al. [49] defined regular breakfast/lunch/dinner/evening meal consumers if eating all meals
every day. Two studies assessed meal frequency as the combined frequency of breakfast and evening
meals [30,35]. In one study the frequency of eating meals with family was evaluated on a continuous scale
from 0 (never) to 8 (>7 meals per week); however, it was unclear how family meals were defined [28].

Data on exposure(s) derived primarily from self-reported questionnaires completed by either
parents/caregivers [20,29,30,41-43,45-47,49,51,54] or children/adolescents [20,33,34,38,44,48,52]. Two
studies used dietary recalls [31,32], three studies used dietary records/diaries [36,50,53] and three
studies collected data via interviews with parents/caregivers [35,37,40]. All but one studies analysed
the exposure of interest as a categorical variable; Jaeger et al. [50] explored meal patterns as the
amount of energy intake (kcal) in predefined time slots.

The only cluster-RCT included in this review assessed the effect of eating breakfast in the
classroom and of providing breakfast-specific nutrition education in comparison to having breakfast
in the school cafeteria, on overweight and obesity among urban children in low-income communities.
Data on exposure were collected by teachers (intervention arm) and cafeteria staff (control arm) [39].

3.3. Main findings

Findings are presented in three axes, according to the definition of meal constructs as described
by Leech et al. [11]:

a) meal patterning, including frequency of eating occasions, regularity of meals, meal skipping,
meal timing, and spacing of eating occasions

b) meal format, referring to food type, food combinations, or food sequencing;

c¢) meal context, related to the presence of others at a meal, eating while doing activities, meal
location.

3.3.1. Meal Patterning

Meal patterning essentially refers to the frequency or timing of eating occasions, either
examining the number or the distribution of meals/snacks within the day or focusing on the
regularity/skipping of a specific eating occasion, with special interest in breakfast. In relation to meal
frequency, with different definitions been used to describe the term, most studies showed no
association with adiposity parameters. One study found that higher meal frequency (5 meals per day
compared to 3 or fewer meals per day) at baseline was associated with a smaller increase of BMI-z
score, a smaller increase in waist-to-height ratio and lower odds of developing obesity at follow up
[48]. However, no association of meal frequency with obesity risk [29] or change in BMI-z score at
follow up [35,49,53] was found in other studies. A dose-response association was observed between
the regularity of mealtimes at age 3 and the risk of developing obesity at age 11 [40]. Specifically,
compared to children who always had regular mealtimes, those who usually had regular mealtimes
experienced a 23% reduction in the odds of obesity, while those who rarely or never had regular
mealtimes had a 38% reduction [40]. Moreover, timing of the first eating episode at baseline was not
associated with fat mass, fat-free mass or body fat% in children 3-5 years old at follow-up one year
later [32]; however, the same study showed later timing of the last meal of the day at baseline to be
associated with increased fat mass and body fat% at follow-up one year later [32].

Breakfast constitutes the most studied meal within meal patterning. Daily consumption of
breakfast at baseline compared to less frequent consumption (<7 times/week) had a favourable
association with BMI [20] and body fat mass % [20,43] at follow-up, whereas no association with odds
of OV/OB [43] was observed. In the de la Rie et al. study [54], such benefit (association with lower
BMI) was evident in two of the four cohorts examined. Other studies showed no association of
breakfast frequency with OV/OB incidence or/and prevalence [44,47] or change in BMI-z score [34,47].
Moreover, breakfast eating habits have been also assessed as skipping breakfast, with mixed results
in relation to obesity risk, and a varying definition of the term across studies. One study used a yes/no
variable [41], two studies assessed meal skipping as consuming it “never/rarely” compared to
“often/always” [45,46], one study included the category “frequent skippers” as having a meal 0-3
times/week [38], another named a stable breakfast skipping pattern as “eating breakfast <7
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times/week” consistently over time [43], and one study assessed meal skipping if participants
reported they “did not eat” that meal (option 0) on a 0-7 times/week scale [33]. In most studies,
skipping breakfast was associated with weight gain [41,45], increased waist-to-height ratio [45],
increased BMI percentile [45], abdominal obesity [45] , increased % of body fat mass [43], and
increased overweight risk [45] and OV/OB risk [38]. However, skipping breakfast (yes vs. no) was
also associated with decreasing weight trajectory, which was defined as a change in BMI category
over time i.e. from overweight at baseline to normal weight at follow-up) [41]. In three studies no
association of skipping breakfast with overweight risk (in males) [33], obesity risk [33,45] or
abdominal obesity risk [46] was observed.

Child’s sex may also play a role, with some findings indicating a beneficial effect of breakfast
consumption especially in girls. In a study with both sexes, breakfast consumption was associated
with waist circumference, trunk fat mass and trunk to peripheral fat mass ratio only in girls [20].
Another study conducted only in girls, following them from childhood through adolescence,
identified eating breakfast at age 9 (without specifying frequency) as a significant protective predictor
against adiposity at age 19 [36]. Skipping breakfast (no breakfast consumption in any day of the week)
was also associated with increased OV/OB risk only in girls in one study, but not in boys [33].

Consumption of lunch (as a yes/no variable) and frequency of its consumption were not
associated with any parameter of adiposity [30,43,51], but skipping lunch at 9 years of age was
identified as a significant risk predictor of adiposity in females at age 19 in one study [36]. Regarding
dinner, eating dinner <6 times/week was not associated with changes in fat mass or BMI over time
compared to eating dinner every day [43].

3.3.2. Meal Format

The energy and macronutrient content and consumption of specific foods have been examined
within the meal format, with a special focus on snacks and fast-food consumption. One study
investigated the time-of-day energy intake in relation to obesity risk and found that energy and
macronutrient intake distributed in different eating occasions throughout the day, was not
significantly associated with BMI-z score [50]. Regarding the content of breakfast, higher frequency
consumption of Ready-to-Eat-Cereals (RTEC, 3 vs. 1 times per week of breakfast RTEC) in fourth
grade was associated with a decrease of about 2 percentiles of children’s BMI in sixth grade [31].

Children who abstained from sweet and savoury snacks at baseline had decreased OV/OB
prevalence, decreased OV/OB risk and decreased change in BMI-z score at follow-up, compared to
regular eaters on a daily basis [47]. On the contrary, consumption of sugary drinks in between meals
was not associated with obesity risk in one study [41]. Similarly, consumption of fast foods/ takeaway
foods was not associated with changes in BMI [34,47,52], body fat % [52], waist circumference [52],
odds of developing obesity [52] or change in OV/OB prevalence [47]. However, one study showed
that consumption of fast foods less than once a week at baseline was associated with lower BMI-z
score, waist circumference, body fat %, trunk fat mass and trunk to peripheral fat mass ratio at follow-
up, but only in girls [20].

3.3.3. Meal Context

The aspects of meal context studied were ‘eating with whom’, “what doing in parallel’, and ‘place
of eating” and in particular, eating with family, eating while doing another activity, esp. screen use, and
eating at school. Studies have mainly focused on breakfast and dinner, with scarce reports on lunch.

Family meals were associated in one study with reduced obesity prevalence at follow-up, with
each additional family meal significantly reducing obesity prevalence by 4% [28]. Two studies
assessed eating breakfast with family, and both showed beneficial effect [29,51]. Children who
consumed family breakfast three to seven times a week at baseline had decreased odds of OV/OB
two years later, compared to those who never had breakfast with family [51], while children with
overweight at baseline and healthy weight at follow-up were more likely to eat breakfast together
with at least one member of the family than children with overweight, both at baseline and follow-
up [29]. Four studies examined the role of family dinner in obesity risk [20,29,34,51], two of which

d0i:10.20944/preprints202407.2593.v1
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found a protective role, but the other two no association. In one study, children who had family
dinners three to seven times per week at baseline were more likely to have lower BMI and reduced
odds of overweight/obesity two years later [51]. Similarly, daily family dinners, in comparison to
non-daily dinners (<6 times/week), were associated with decreased BMI-z score, waist circumference,
trunk fat mass and trunk to peripheral fat mass ratio, in girls but not boys [20]. On the other hand,
two studies found no association of frequency of family dinners and BMI over time [29,34].

Four studies examined the effect of watching TV while eating meals [20,34,36,42]. In specific,
one study showed lower BMI-z score, waist circumference, body fat%, trunk fat mass and trunk to
peripheral fat mass ratio in boys and lower body fat% in girls that ate meals while watching TV less
than once a week, compared to those who ate meals in front of TV more frequently [20]. Greater
mealtime screen use and less use of a table while eating a meal (described as intermediate and
informal meal settings) was associated with increasing overweight weight trajectories (i.e. being at
the “normal weight” category at baseline and at the “overweight” category at follow up), compared
to lower mealtime screen use and eating a meal on the table (formal meal setting) [42]. One study,
however, found that eating while watching TV at age 9 was a significant protective predictor of
adiposity in females at age 19 [36], which was highlighted as “surprising” by authors, while no
associations were observed in another study [34]. Also, a more positive interpersonal quality of
family meals at baseline, characterised by the involvement of conversations without media
distractions, was not associated with obesity prevalence at follow up, compared to a less positive
interpersonal quality of family meals that involved more media distractions and less conversations
[28]. Finally, in one study, eating with friends, eating while doing homework and eating in the bedroom
were also identified as protective factors against adiposity in females, findings which have also been
highlighted as “surprising” by the authors, who nevertheless commented that the findings may imply a
mitigation effect of such eating behaviours when healthy snacks are offered, assumption which might be
supported by their finding of “parents fixing a snack” being a protective adiposity predictor [36].

Meals served at school have been also studied in regards to obesity risk [29,37,39]. Consumption
of breakfast at school (yes/no) in fifth grade was not associated with obesity risk in eighth grade [37],
neither an intervention to increase breakfast consumption at school had an effect in the combined
OV/OB incidence or prevalence [39]. However, when incidence and prevalence of obesity were
examined separately, the incidence of obesity alone was higher in intervention schools than in control
schools (11.6% vs 4.4%; OR 2.43; 95% CI, 1.47-4.00), as well as prevalence of obesity (28.0% vs 21.2%;
OR 1.46; 95% CI, 1.11-1.92) after 2.5 years of intervention [39]. Only one study examined consumption
of school-provided lunch (yes/no), and found that it was associated with decreased odds of weight
gain at follow up 3 years later [29]. In all studies, no information on whether a school-provided meal
reduced meal skipping, replaced a meal eaten at home or was consumed in addition to a home-
provided meal, was mentioned.

Table 4. Characteristics of prospective/longitudinal epidemiological studies exploring the association
between meal patterns and the risk of overweight/obesity.
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Spain consumed countr to the
50] 5L otherEOs
Assessment: . ! i was not
Dietary records fusreportin significantl
g and an
(parents) . . y
interaction .
term associated
between TEIL with zBMI
[p > 0.05].
and country
Statistical =~ Higher BL
model: meal
general frequency
linear was
The models associated
POIBC Meal frequency (3 (meanand  with lower
Stud categories: 5 95%CI for FU zBMI
s ani}; h meals/d, 4 meals/d FU BMI - FU zBMI increase
P and <4 meals/d; andFU  [0.78 (0.61-
acronym 1400 meals assessed: score WHItR), 0.95) for <4
for the . FU odds of L.
Juton, Proventio M: 692 breakfast, mid- OV/OB logistic meals/d;
2023 School 2249 (49.4%) morning snack, regression  0.67 (0.61-
X n of . . 10.1x0.6 y 15 mo (I0TF) .
Spain Childhoo setting  recruited F: 708 lunch, afternoon FU WHIR analysis (OR  0.73) for 4
[48] d ; 1400 (50.6%) snack, dinner) FU odds of and 95%CI meals/d;
. analysed for 0.62 (0.58-
Obesity: AO (WHtR . .
A Assessment: >0.50) incidence of  0.66) for 5
Commun questionnaire - OV/OB or meals/d]
itv-Based (researcher/childre AO) and lower
137/10 ) n) FU WHIR
Covariates: [0.471
sex, age, (0.467-
school, 0.475) for <4
intervention  meals/d;
group, 0.465
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maternal (0.463-
education,  0.468) for 4
physical meals/d;
activity, 0.463
adherence (0.461-
to the 0.465) for 5
Mediterrane  meals/d].
an diet,
baseline The FU
zBMI/WHtR  odds of
OV/OB or
AO
decreased
with
increase in
meal
frequency
(P for
linear
trend =
0.035 and
0.028,
respectivel
v).
Sugary
drink
consumpti
on was not
a predictor
of BMI
trajectory.
Skipping
s
(with childhood
data in
was
at least .
. associated
one Statistical .
) model: with
SWEEPp Consumption of o higher
ry drinks (cola multivariate odds of
9523 sugary L BMI multinomial X
8y (from  milkshakes, fruit . . . increasing
(56.2%) .. trajectories logistic
UK . ages 3 to juice) between . BMI
: n with (stable; regression .
Kelly,  Millenni data in F:8.259 11) meals decreasin [OR trajectory
2016, UK um NS Z; . 3y sy Sweeps  Skippingbreakfast | f:ofiismti osvucyy 1166 137
[41] Cohort sweeps o at the . creasing, ° 2.02) of
Study 3810 ages of 3, Assessment: self - high Covariates: moderatel
5,7,11 reported . . . y
(22.5%) . . increasing) sociodemog . .
. questionnaire . increasing
in any 3, raphic
(parents) ... and 176
2024 characteristi
(1.26-2.56)
(12.0%) cs ]
. of highly
inany 2, increasin;
and 1579 s
(9.3%) in p
1 to stable]
sweep but also
higher
odds of
decreasing
trajectory
[2.01 (1.03-
3.92)]
compared
to stable.
¢ Breakfe;stf Statistical Skipping
requency betore model: breakfast
1733 school linear was not a
K i M:881 ly;
e;(z];}éus Join the hool (1212 for (50.8%) (r;fve/r/lr are y) regression  significant
! " Healthy SEnoo the 7.1:0.6 y N ly otten/atways WHIR model predictor
Germany setting F:852
[46] Boat result of (49.2%) A b self- [B(SE)] of changes
interest) e ssersesn;:;ase Covariates: ~ in WHtR
ueslt:’ionnaire school [0.36
q clustering (0.19)]
(parents)
Liechty National  school 13568 15.8¢1.6 M: 6,605 1 Breakfast skipping ~ OV/OB Statistical Skipping
and Lee Longitud setting CELY (48.7%) y (yes/no) onset model: breakfast
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2015, inal 20,745 F: 6,963 (change  Multinomial increased
USA [33] Study of (BL); (51.3%) Assessment: self-  from UW  regression OV onset
Adolesce 13568 reported or HWto analysis [RR risk among
nt to analysed questionnaire ov (95%CI)] female
Adult (children) between adolescent
Health BL and FU Covariates: s [1.44
(Add was coded age, (1.00-2.07)]
Health) as OV race/ethnicit  but not
onset. y, parent male
Change education  adolescent
from UW, and family s [0.78
HW or OV structure, (0.49-
to OB was BMIz score 1.24)].
coded as Skipping
OB onset) breakfast
[BMI z- was not
score associated
(CDQ)] with OB
onset.
There was
an inverse
association
of
consumpti
Statistical on of
model: sweet and
linear GEE salty
(generalised snacks
Prospectiv  estimating ~ with time-
e 1-year equations) varying
BMI models [Best BMI [-0.33
Frequency of change (SE)] (0.12),
breakfast (next year p=0.02].
consumption BMI - Covariates: None of
(d/wk); family current sex, the meal
3 years . .. .
(wave 1 meals (evemrfg) BMI) for race/ethr:uat practices
(d/wk); watching waves y, Family (breakfast,
NEXT 2,785 BL; . .
. . TV during meals 1 through  Affluence family
Lipsky,  Generati (78% .,  yearly .
2015, on schf)ol retention 16.3+0.03 M: 45.5% wave (d/wk); eating fast 3 ‘ Scale (car meal's,
setting F: 54.5% . foods (d/wk); sweet Retrospecti and watching
USA [34] Health rate at until R
Study wave 4) wave 4) and s'alty snacks ve 1-year comput?r TV during
(times/d) BMI ownership, meals and
change family fast food)
Assessment: self- (current vacations, was
reported BMI - bedroom associated
questionnaire previous sharing), with BMI
(children) year BMI) parental longitudin
for waves  educational ally. None
2 through status, of the meal
4] physical practices
activity, were
time- associated
varying with
height prospectiv
eor
retrospecti
ve 1-year
BMI
change.
Statistical
The model:
Early struct‘gral Number of
Childhoo Family meal equah.o " family
modeling
dA freguency (SEM); path meals per
Loren, Lor.1g1Iud hool Age 3y (morn.mg and/l(.)r FU BMI z- models week at BL
2022, Stli:;y— ssecttfrfg 8,225 ‘kinderga M:51%  (second ever;;‘lv%l:;\ cal score (standardise a::Ziil;Set d
USA [35] i rden’ grade y) (CDC) d coefficient with BMI
rten Assessment: Covaz)iateS' z-score at
Cohort Interview (parents) race /ethnicit FU (0.02,
(ECLS- . p>0.05)
K:2011) y, income-
to-needs,

sex



https://doi.org/10.20944/preprints202407.2593.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2024 d0i:10.20944/preprints202407.2593.v1

20

Increase in
family
breakfasts
frequency
over time
was
negatively
associated
with ABMI
in girls
(p=-0.078,
p =0.035)
but not
boys (B=-
0.051, p=
0.066).
Increase in
family
dinners
frequency
was
Statistical inversely
model: associated
multivariabl with ABMI
eregression  of boys
model (B);  ($=-0.102,
multilevel ~ p=0.019)

ABMI = logisti d eirl
ime. e
Frequency of BMI at BL g[ OR ﬁ< 0 0 0 1)'
family meals BMI (95%C1)] }])3 ) N d'
(breakfast, lunch,  categories ° oy.s a
. girls
dinner) change .
X Covariates: whose
Mahmoo (1) three categories (normal nt famil
d, 2023, 1 vear (never, 1-2 weight at cot:oury, breaak fa};ts
Greece, Europea 989 (er}:d of times/wk, 3-7 BL and T2; (intgerve}:’ltio frequenc:
Spain, np M: 7.3+ intervent times/wk) OV/OB at n-control) inccieasec}ll
Bulgaria, hool 2748 at 0.99 2) fi t i BL but g
wsara FeeldDia se ?0 2 y F: 52% ion; T1) (2) five ca eg(?rles v age and DQ were more
Hungary setting BL; 989 F:74+ (never, remained normal . .
betes . 2 years . of children,  likely to
, analytic 1.02y low, decreased, weight at
. study (end of . and parental have lower
Belgium, sample increased, T2, normal e
. FU; T2) . . . characteristi BMI (boys:
Finland remained high) weight at
cs (age, 0.68; 0.49—
(511 BL but marital 0.91; girls:
Assessment: self-  OV/OB at oL BITS:
status, 0.69; 0.34—
reported T2, OV/OB K
. . educational  0.92) than
questionnaires at BL and .
level, those with
(parents) T2 [BMI z-
employment a
score x, DQ, decreased
(10TF)] 5

BMI), family frequency
meals of family
frequency  breakfasts.
and BMI of A similar
children at  association
baseline was found
between a
change in
family
dinner
frequency
(boys: 0.57;
0.39-0.83);
girls (0.69;
0.42-0.91).
The odds
of FU
OV/OB
were
decreased
for boys
(0.76; 0.52,
1.04) and
girls (0.72,
0.58, 0.93)
who
consumed
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family
breakfasts
3-7 times a
week at
BL,
compared
to those
who never
had
breakfasts
with
family.
Having 23
family-
shared
dinners/w
k at BL
was
associated
with
reduced
odds of
OV/OB at
T2 in boys
(0.65; 0.41,
0.96) and
girls (0.53;
0.31-0.87)
compared
with those
who never
shared
family
dinners
during
childhood.
Increased
family
breakfasts
frequency
over time
was
associated
with lower
odds of
OV/OB in
boys (0.78;
0.52-1.11)
and girls
(0.78; 0.55—
1.01)
compared
to never
having
breakfast.
Improved
family-
shared
dinners
over time
showed
lower
odds of
OV/OB at
T2 (boys:
0.54; 0.33—
0.83; girls:
0.61; 0.40-
0.97).
No
association
s were
observed
for family
lunch
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meals with
any
outcome.
Significant
adiposity
predictors:
eating
alone (y3:
3.94),
skipping
lunch (y1:
6.58), (y2:
6.08), (y3:
6.84)
Significant
protective
predictors
of
adiposity:
eating
breakfast
(y1:-2.14),
eating
Statistical ~ afternoon
models: snack (y1: -
multiple 4.64),
linear eating
regression evening
Exposures assessed (coefficient  snack (y1: -
aty 1 (BL),2and 3 of 2.23),
association), eating
Eating breakfast, random while
morning snack, forest watching
afternoon snack, analysisand TV (y1: -
evening snack, propensity  3.41), (y2: -
eating fast food score 4.24), (y3: -
The . .
Narla  NHLBI 2024 (times/wk) matching 403,
Eating while (PSM) eating
and  Growth  general F: 2024 watching TV, BE% [difference with
Rehkopf, and populatio 2379 at 10.0y o 10y . . . . .
2019, Health 0 BL, 2024 (100%) eating ?Vlth f.amlly, (skinfolds) score family (y1:
eating with (95%CI)] -4.44), (y3:
USA [36]  Study analysed .

(NGHS) homework, eating . —4.§2),
school lunch, Covariates eating
eating alone, (multiple while

skipping lunch, linear doing
eating with friends, regression): homework
eating in bedroom participant’s  (y2: -5.34),
age in (y3:-5.08),
Assessment: Food months, eating
diary household with
income, friends
race, highest  (y2:-4.72),
level of (y3: -3.40),
parental eating in
education bedroom
(y2: -3.41)
PSM
showed
one
detrimenta
1 for
adiposity
risk factor
[skipping
lunch at
y2:4.0 (1.1,
6.7);y3:4.3
(1.6,7.2)
and five
protective
factors
against
adiposity

[eating
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evening
snack at

y1:-3.1 (-
5.9,-0.3),
eating
with
friends at
y2: -4.4 (-
7.6,-1.4);
y3:-6.0 (-
10.0,-2.2),
eating
while
watching
TV aty2-
5.8(-10.1, -
1.5);y3-5.3
(-8.5,-2.2),
eating
while
doing
homework
atyl-5.7 (-
11.1, -0.1);
y2-6.2 (-
9.1,-3.5),
eating in
bedroom
aty2-5.8 (-
10.2, -1.2)
Statistical
model: Informal
GrOVth settings
mixture were
models associated
Mealtime setting (GMM);. with the
multinomial FU
(Factor score of . .
. . regression ~ High/Incre
three items: main X
meal eaten in a models asng
“dining” area (= [RRR Obesity
- 0,
kitchen, dining (95%CD] and'
) Increasing
room, combined . R
. L Covariates: Overweigh
living/dining room) .
or non-dining” early life t
area (living ro<g)m BMI factors trajectories
bedroom, other) (58 tra]ectoriles (child éex, [3.67 (1.99-
: Low Risk, ethnic 6.77),
and 122 months); R
. Decreasing group, p<0.001);
mealtime screen . K
Overweigh family 1.75 (1.17-
use (TV only at 58 .
t, socio- 2.62,
months, TV and R .
. 2810 76 mo Increasing  economic p=0.007
Growing other screens at 122 . . .
Parkes, . general (FU at 58, Overweigh disadvantag respectivel
Up in . M: 1432 months); how often
2020, UK Scotland populatio 5217 at 46 mo F 1378 70, 94 the child sat at a t, e, maternal y).
[42] <0 BL; 2810 ' and 122 < sata High/stabl  BMI, child Intermedia
study table while eating a . .
analysed mo) . e birth order, te settings
main meal (122 .
Overweigh  maternal were
months); L. .
Categorics: t, smoking in  associated
B 8 o High/Incre  pregnancy, with the
formal”, . .
” . asing maternal ~ High/Incre
intermediate” or . .
vinformal”. where obesity mental asing
mtormat, w (IOTF) health, Obesity
informal R
L infant and
indicates greater . .
feeding),  Increasing
screen use and less ;i .
. early diet ~ Overweigh
use of dining area.
patterns t
. (healthy  trajectories
Asserzsm‘;::(‘lself diet, picky  [1.89 (1.09-
uesfi(())nnaire diet), 3.28),
! (parents) household p=0.023);
p organisation  1.50 (1.03-
and routines 2.19,
(home p=0.036
organisation respectivel
, irregular y).

bedtimes,
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skipping
breakfast),
child
behaviours
at school-
age (overall
screen time,
physical
activity and
sleep)
Meal frequency:
CONTINUED
skippers (skipping
meals at both time
points); (ii) START
all meals (meals
428 skippers in 4th Statistical Skﬁ;ﬁ;g
grade, eat all meals model: was not
1045 (BL; in 7th grade); (iii) Logistic .
4th STOP all meals (eat regression as.socmted
. with odds
grade); all meals in 4th [OR of OV
1095 grade, meal ABMI (95%CI)] STOP a'll
Stea, (FU; 910y 3y skippers in 7th categories meals 2.8
2014, school more M: 207 grade); and (iv) (normal Covariates:
Norway setting  schools (4th F: 221 (grades 4 ALL meals (eat all weight maternal (07, 11.9);
[49] included grade) t7) meals at both time  and OV) education, COI:EINU
); 428 points). (I0TF) gender, .
i " Ty, . skippers
with All meals” if eating physical 18 (0.5
complete all activity, ’ 6 2): .
data at breakfast/lunch/dinne overweight o
BL and rlevening meals status at 4th START all
g meals 1.4;
FU daily; "skipping grade
yoae 0.3,7.2)
meals” if eating
<7dlweek
Assessment: self-
reported FFQ
(parents)
Statistical Eating
model: breakfast
multivariate  at school
models, was not
propensity  associated
score with
matching  obesity at
and fixed- FU (1.31;
effects 0.82-1.97,
logistic P=0.129).
regression For
[OR children
(95%CI)] from
families
Covariates:  below the
6,495 - FU obesity sex; - federal
Eating school race/ethnicit ~ poverty
Smiliere 7,304 at St breakfast (yes/no) status y, age, line, eating
nan - pergg SNl g ang NSOy gyg0, 3YGN8 (CDO) physical school
2016, setting grade) rade) (obesity / .
USA [37] FU; . A5§essment: J, actlv'lty, Preakfast
6,495 interview (parents) obesity) family increased
analysed socioecono  the odds of
mic status, obesity at
family FU (2.31;
marital 1.25-4.28,
status, P=0.010)
mother's  compared
employment with
,number of children of
breakfasts ~ similar SES
and dinners ~ who did
the family  not receive
ate together school
inatypical  breakfast
week, (propensit
school type, y score
urbanicity  matching).
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A change
in school
breakfast
(from yes
to no)
between
the 5t-8™
grade was
not
statisticall
y
associated
with a
change in
weight
status
longitudin
ally (0.72;
0.39-1.31,
P=0.285)
(logistic
fixed-
effects
regression)
Statistical
model:
Linear
regression
analysis
Covariates: Eatin
household fre uefc
Meal frequency / deprivation d Y
. . ) at 2 years
eating occasion and income, .
I of age did
Definition: a separate maternal .
eating occasion, the parit not predict
Preventio 371 3 g Y change in
start of the next meal mother's
Taylor, n of . . . BMI Z-
. maternit M: 196 or snack had to be intervention
2017, Overwei 802 at o . BMI z score at FU
. y (52.8%) more than 15 min group, K
New ght in ) BL; 695 2y 15y score R (difference
hospital F: 175 after the end of the infant sex, .
Zealand  Infancy at FU; ) (WHO) . in BMI Z-
(mothers) (47.2%) previous meal or birth
[53] (POI) 371 . score per
snack weight, .
study analysed additional
maternal eatin
Assessment: education . 8
feeding diar and pre- occaston
( B P 0.02; 95%
parents) pregnancy 7. 3,
BMI,
. 0.06)
smoking
during
pregnancy,
exclusive
breast-
feeding
Statistical Skipping
model: breakfast
linear mixed at BL was
regression  positively
for changes  associated
in WHIR, with
Breakfast Aweight Wt, BMI% increases
consumption (kg) [B(SE)]and  in WHtR
before school ABMI OV/OB and [0.50
Traub, . M:881 (“Never and percentile AO [OR (0.1.9)],
Join the rarely” / “often and  (German (95%CI)] weight
2018, school 7.1 (50.8%) .
Healthy . 1,733 ly always”) reference [0.39
Germany setting +0.6y F:852 .
[45] Boat (49.2%) cut-off Covariates:  (0.12)] and
e Assessment: self- points) school, BMI
reported WtHR migration  percentile
questionnaire AO (WHtR background, [2.01
(parents) >0.5) family (0.90)].
education Skipping
level, breakfast
household was
income, age, associated
gender, with

participatio increased
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nin the odds of FU
intervention  AO (2.06,
1.23-3.47)
and OV
(1.71, 1.04-
2.80) but
not OB
(0.90, 0.39-
2.07)
Odds of
FU OV/OB
was higher
for
students in
the
skippers
group
(2.66; 1.67,
4.24),
inconsisten
t school
eaters
Breakfast location (2.11; 1.29,
513 (BL; patterns [average 3.46),
5th number of d/wk inconsisten
grade); (0-7) and location Statistical t home
553 (6th where breakfast model: eaters
grade); was eaten] Generalized (2.02;1.27,
468 (7th Categories: FU BMI estimating ~ 3.21) and
grade) frequent skippers,  percentile  equations regular
inconsistent school (CDCQ) (GEE) home
s 584 (BL), M:236 2y (2011- eaters, inconsistent (Two models eaters
2017 ’ N/A school 602 (6th 5th grade (46%) 2012 to home eaters, categories: [AOR (1.70; 1.13,
USA [ ?" 8] setting grade), F: 277 2013- regular home OV/OB (95%CI)] 2.56)
539 (7th (54%) 2014) eaters, regular and compared
grade); school eaters, normal/  Covariates: with
513 (BL), double breakfast  underweig sex, double
553 (6th eaters ht) race/ethnicit  breakfast
grade), y, school eaters.
and 468 and study  There was
7th Assessment: self- year no
grade) reported evidence
analysed questionnaire of greater
(children) weight
gain over
time
among
students
who
consume a
double
breakfast
when
compared
with all
other
students.
Meal skipping Statistical ~ Breakfast
(breakfast, lunch, model: skipping at
dinner; linear [ 4y was
consumption <7 (95%CI] and  associated
d/wk) logistic with
5913 Tracking patterns: regression  increased
stable consumption ~ FU BMI models FM% at6y
Wijtzes, . maternit M: 2,939 (consumption at SDS (1.38; 0.36-
201]6, the Gene;{a t y BTO;Z; o (49.7) ) both timeppoints), (IOTF)  Covariates:  2.40).
Netherla S(E d hospital a; F’U' 4y F:2,974 y stable meal FUFM%  child’ssex, Continuou
nds [43] y (mothers) 501 3' (50.3) skipping (skipping (DXA age, ethnic sly
! at both time scan) background, measured
analysed . . .
points), decrease in family breakfast
meal skipping socioecono  skipping at
(skipping at 4y mic position age 4 years
and consumption (ie, maternal was
at 6 y); increase in educational  associated
meal skipping level, with a
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(consumption at 4 maternal higher
y and skipping at 6 employment FM% (0.64;
y)- status, 0.41-0.88)
household and a
Assessment: self- income, higher
reported maternal BMI (0.08;
questionnaire and paternal  0.02-0.13)
(parents) BMI, and at6y.
children’s ~ Compared
physical ~ with stable
activity, breakfast
sedentary  consumers
behaviours , children
and dietary inall 3
behaviours, breakfast-
BMI atage 4 skipping
categories
had a
significantl
y
increased
FM% at 6y
[1.80 (0.75-
2.85); 1.24
(0.56-1.92);
0.92 (0.11-
1.74)]
Lunch and
dinner
skipping at
4 years
were not
associated
with FM at
6y.
No meal
skipping at
age 4 was
associated
with BMI
SDS at age
6.
Breakfast Statistical Not
Wave 1 consumption [no model: having
Tracking (BL) regular breakfast Repeated regular
) Adolesce 2,230; (consumed <5 ABMI multivariate  breakfast
Winter, , . . L.
2016, the n.ts. school Wave 2 11.09 + times/wk; regular  categories loglst%c at T2 was
Individu . (T2) NS breakfast)] (BMI regression not
Netherla . setting 0.56 L. . .
nds [44] al Lives 2,149; criteria  analysis [OR assoc'lated
Survey Wave 3 Assessment: self- NS) (95%CI)] with
(TRAILS) (T3) reported OV/OB at
1,816 questionnaire Covariates: T3 (1.41;
(adolescents) gender 0.97-2.06)

2 Presented as mean + standard deviation or median (1%, 3" quartile) and/or range, unless otherwise stated. ®
Presented as absolute (relative) frequency. Abbreviations: AO: abdominal obesity, BF: body fat, BIA: bioelectrical
impedance analysis, BL: baseline, BMI: body mass index, CDC: Centers for Disease Control and Prevention, CI:
confidence interval, d: day(s), DQ: diet quality, DXA: dual-energy X-ray absorptiometry, F: females, FFM: fat-
free mass, FFQ: food frequency questionnaire, FM: fat mass, FMI: fat mass index, FU: follow-up, HW: healthy
weight, IOTF: International Obesity Task Force, M: males, mo: months, NS: not stated, OB: obesity, OR: odds
ratio, OV: overweight, PA: physical activity, RR: risk ratio, RRR: relative risk ratio, SDS: standard deviation
score, SE: standard error, SES: socioeconomic status, TEL total energy intake, UK: United Kingdom, USA: United
States of America, UW: underweight, WC: waist circumference, WHO: World Health Organisation, WHtR:

waist-to-height ratio, wk: week, y: year(s), A: change.
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Table 5. Characteristics of randomised controlled trials exploring the association between meal
patterns and the risk of overweight/obesity.
Study Population
Author, Title Countr  Settin Ag FU Intervention Outcomes Statisti?al Results
(acronym y g N ; Sex® s analysis
year ) e
There was
no
difference
in
combined
Design: OV/OB
parallel incidence
cluster RCT between
Groups: IG 1G (11.7%)
vs. CG and CG
(9.3%) at
IG (350): FU (1.31;
breakfast in 0.85-2.02).
the The OB
classroom, 18 incidence
45-min alone was
nutrition higher in
education Statistical 1G (11..6%)
lessons than in
(importance m.o del: CG (4.4%)
weighted
of breakfast), generalized between
793 25y soc1a'l OV/OB estimating BL and FU
1465 108 (mid- marlfeltlng d incidence equation (2'13(;01 A7
Polonsky ~ One ool orovide  + M:662 point  ateria ‘: an and  (GEE)models ' )
,2019  Healthy  USA  SC'00 PIOVIGC £ g 6o)F70  data  Cono SOMS prevalenc  [OR (95%CI) oo o®
[39] Breakfast setting d L0 0(51.4%)  collecte with h.ealthy e e
written choices; . difference
dat15 ABMI-z Covariates:
consent; monthly . between
1362 at y) newsletters (€DC) p..a1.red‘ IG and CG
BL; 793 to parents (8 stratlﬁ;:atlon in the
at FU schools) ran do(r)nisatio combined
o OV/OB
prevalenc
CG (443): e or BMI
breakfast zscore
offered in the across the
cafeteria study
before the period.
beginning of The OB
the school prevalenc
day and e alone at
standard the end
education point was
material (8 higher in
schools) 1G (28.0%)
than in
CG
(21.2%) at
FU (1.46;
1.11-1.92).

2 Presented as mean + standard deviation or median (1%, 3" quartile) and/or range, unless otherwise stated. ®
Presented as absolute (relative) frequency. Abbreviations: BL: baseline, BMI: body mass index, CG:
control group, CI: confidence interval, F: females, FU: follow-up, IG: intervention group, M: males,
OB: obesity, OV: overweight, RCT: randomized clinical trial, y: year(s), z: z-score, A: change.

4. Discussion

This systematic review collected evidence on the associations of meal patterns with childhood
OV/OB and MUO risk. In the absence of published studies on MUO risk, only evidence on OV/OB
was presented. To our knowledge, this is the first systematic review that captures different
dimensions of meal patterns (patterning, format, context) and focuses on studies with a longitudinal
design (prospective studies and randomised controlled trials), aiming to explore aetiologic
associations between meal patterns and OV/OB and MUO risk. Regular consumption of breakfast
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and family meals, as well as avoiding watching TV while eating, may be protective factors against
childhood OV/OB, whereas meal skipping (primarily breakfast) may be a detrimental factor. Mixed
effects of meal frequency on OV/OB risk were observed. No effects were observed regarding
frequency of lunch consumption or of fast-food consumption and of meals served at school, while
there was insufficient evidence to support the role of other meal patterns such as meal timing and
eating in social contexts other than family in OV/OB risk.

Despite methodological considerations, frequent/daily consumption of breakfast (or avoiding
breakfast skipping) has been, according to current findings, highlighted as a protective factor against
childhood OV/OB longitudinally, indicating a potential aetiologic association between breakfast
consumption and OV/OB risk. Recently published systematic reviews of both cross-sectional and
longitudinal studies are in agreement with these findings, particularly regarding breakfast skipping
[16,55]. This constitutes an important public health message for preventive policies and practices,
especially taking into consideration that literature shows a discernible decline in breakfast
consumption in children while entering adolescence [56]. Promotion of frequent/daily consumption
of breakfast throughout childhood and adolescence would be an efficient strategy towards reducing
OV/OB risk.

The self-reported data collection methods employed in most included studies might have
variously impacted current findings. For example, most of the studies did not provide guidance as
to what constitutes a meal and a small number of studies used varied definitions, leading to
ambiguities regarding the studies’ comparison and results interpretation. Participant-identified
eating occasions are prone to subjectivity, as the interpretation and allocation of each eating event
may vary significantly [11]. Future studies should ensure the use of robust definitions for meals, such
as the proposed definition for breakfast by O’Neil et al. [57] as “the first meal of the day that breaks
the fast after the longest period of sleep and is consumed within 2 to 3 hours of waking; it is comprised
of food or beverage from at least one food group, and may be consumed at any location”. Lack of a
universally-accepted definition of breakfast may prove challenging in the identification of pathways
through which breakfast consumption may play a significant role in the development of childhood
OV/OB and MUO. Also, the use of methodologically more reliable assessment tools for the evaluation
of meals in future research, such as dietary records and recalls, will not only provide more reliable
results on the role of breakfast/meal frequency, but also on the role of meal format/composition in
the development of OV/OB.

Results from this review also highlighted a potential protective effect of family-shared meals
against OV/OB risk, which is supported by older systematic reviews/meta-analyses of both cross-
sectional and longitudinal studies [9,58]. The parental influence in shaping children’s eating
behaviours has been well documented, from either the perspective of parenting feeding practices,
dietary habits or weight status [59-61]. Family shared meals could be considered a factor under the
construct of home organisation within the family environment, and associations have been found
between family meal routines and childhood and adolescence obesity markers, after correcting for
the moderating role of socioeconomic factors [62]. It would be interesting to explore which
parameters of the family meal routines and family environment mediate this protective effect
towards OV/OB risk. For example, an earlier, cross-sectional study by Skafida et al. [63] showed that
parameters such as children eating the same food as their parents, having conversations with parents
during meals and having “enjoyable” mealtimes were positively associated with children’s diet
quality, while eating with parents at the same time was not a significant predictor [63]. Only one
study in this review [28] assessed interpersonal quality of family meals and specifically conversations
with family during meals, compared to media distraction, with no significant results in relation to
OV/OB risk. Future research should focus on the longitudinal effect of family meal routines and
related parameters, which could also include food availability, food quality and consumption of
homemade foods on the OV/OB risk. The family environment should be also considered as a potential
target for future interventions that will focus on the improvement of the frequency and quality of
family meals and explore their effect on weight status.
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Included studies that investigated the effect of eating meals while being distracted by media and
particularly by watching TV on OV/OB risk indicated a protective effect when abstaining from TV
while eating. Findings from a systematic review showed a positive association between TV viewing
and consumption of energy-dense foods, such as pizza, fried food, sweets and sugar-sweetened
beverages, and a negative association with consumption of fruits and vegetables [64]. TV viewing
has been hypothesised to increase OV/OB risk through increased sedentary time [65,66], influence of
TV advertisements of energy-dense foods [67], promotion of mindless eating during viewing [68],
and increased snacking [66].

Although this review identified several longitudinal studies involving the family environment,
considerably fewer assessed meal patterns in the school environment (in the form of school-provided
meals); thus, there is insufficient evidence to support a positive or detrimental effect on children’s
weight status. Evidence from two large free school meal programs in the U.S.A., the Community
Eligibility Provision and the Healthy, Hunger-Free Kids Act have shown mixed results on childhood
obesity trends [69,70]. Provision of free breakfast and lunch to students had led to a modest decrease
in obesity prevalence in the Community Eligibility Provision program within 5 years of
implementation [69], whereas no effect was recorded in the Healthy, Hunger-Free Kids Act study on
obesity risk [70]. These results may be due to the fact that it is unknown how school meals affect
children’s daily meal and dietary intake, that is whether they replace existing meals or are added to
a given meal pattern leading probably to increased dietary intake. Even though it may be unclear
whether provision of meals at schools are associated OV/OB risk, such school programs have
documented improvements in diet quality [71], food security [72] and academic performance [72]. It
would be essential for future research studying the effect of school provided meals on childhood
OV/OB risk to assess the quality and quantity of school-provided meals, including snacks, and
explore whether they replace or are consumed additionally to the rest of the meals by correcting also
for total energy intake as a confounding factor.

Some evidence suggests that sex might have a mediating role in meal patterns and OV/OB risk,
and this was mainly observed in the literature exploring the effect of breakfast consumption.
According to findings from two studies [20,33], regular breakfast consumption was associated with
decreased adiposity markers, while skipping breakfast with increased OV/OB risk in girls, but not
boys. One of these studies also found a protective effect of daily family dinners on obesity markers
in girls but not in boys. Mahmood et al. [51] suggested that a potential explanation for sex differences
might be due to differences in dietary and social behaviours. Girls tend to eat more frequently with
family and friends than boys [73], whereas boys eat more takeaway meals at home, compared to girls
[74]. Also, girls may be more prone to societal influences of dieting, leading to increased prevalence
of meal (particularly breakfast) skipping [73]. It is unknown whether dieting and social behaviours
would explain sex difference in the included studies. One of the studies in this review explored the
impact of dieting on OV/OB risk and found no associations regardless of sex, but the variable
“dieting” was not included as a confounder for the association of breakfast skipping and OV/OB risk.
The other study did not explore other dietary or social behaviours that could potentially explain the
different results according to sex. Biological dimension of sex mediating the role between frequency
of consumption of meals and OV/OB risk is also largely unknown and constitutes a potential area for
future research.

It should also be noted that the current review identified only one RCT regarding meal patterns
(provision of breakfast) and OV/OB markers and no studies for MUO risk. Given the importance of
preventative measures against obesity-related comorbidities, future research should focus on the role
of meal patterns and the family environment in the development of comorbidities in children with
OV/OB. Also, future interventions could target aspects of meal patterning, format and/or context in
preventive interventions.

This review has strengths and limitations. In order to promote reproducibility and transparency,
the PRISMA guidelines and a detailed search strategy were implemented. The inclusion of most
recent studies with a longitudinal design is considered a strength of the review, so evidence on
potential aetiologic associations of the role of meal patterns and OV/OB risk and MUO risk is
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synthesised. Findings are, however, affected by the scientific quality of the included studies,
presenting in most of the cases with high or very high risk of bias due to the large heterogeneity on
the assessment of exposures [particularly deriving from self (parent)-reported questionnaires]. Also,
search was limited in two, widely available databases (Pubmed/MEDLINE and Scopus) and reference
lists of included studies; it was not possible to conduct the search in databases where subscription
was required. Finally, included studies were conducted in Westernised countries, limiting the
generalisabilty of the findings in non-westernised cultural settings.

5. Conclusions

Some evidence supports a protective role of regular/daily breakfast consumption, regular shared
family meals and avoiding watching TV while dining against OV/OB risk, deriving mainly from
longitudinal studies, while no relevant published study reporting on childhood MUO risk was
identified. There was insufficient evidence of the role of other meals such as lunch, other meal
patterns such as meal timing, and other social environments such as consuming meals at school, in
OV/OB risk. Overall, the quality of the findings is poor due to the high bias of the included studies.
The use of harmonised definitions for the assessment of different meals, as well as better
methodological approaches, are warranted to provide more robust results in future studies. Future
interventions should also target the family environment with a view of determining the protective
parameters of shared family meals in OV/OB risk and MUO risk.
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