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Purpose of review
To summarize the literature concerning the relationship between meal patterns and
childhood obesity. Literature searches of MEDLINE and the Cochrane Library were
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performed in October 2009 for studies published in the last 18—-24 months.

Available data indicate that not only meal composition but also some components that
form a specific meal pattern can promote childhood obesity. Reducing meal and snack
frequency, especially breakfast skipping, seem to be such components. On the

contrary, limiting consumption of sugar-sweetened beverages and snack foods (defined

as high-fat, energy-dense foods) may be associated with a reduction in the risk of

obesity.
Summary

There is still much to be learned about specific aspects of the association between meal
patterns and obesity. Although current knowledge does not allow one to draw any
definitive conclusions, it provides a solid basis for further research.
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Introduction

Worldwide, the frequency of obesity has risen dramatic-
ally in recent years, stimulating research to identify
factors that affect energy balance. Although it is clear
that genetic factors are important in determining body
weight, other factors such as behavioral and environmen-
tal may also contribute. It has been suggested that
alterations in meal patterns could be one of the respon-
sible factors. Although there is no standard definition of a
meal, it could be defined as ‘a certain amount of food
eaten at a specific time’. In defining ‘meal pattern’, one
should consider not only the composition of a particular
meal but also the meal frequency, source of the meal
(home, school, restaurant, etc.), number of eating epi-
sodes, and meal time span. Eating occasions can be
divided into breakfast, other main meals (lunch, dinner),
and snacks. Although the meal is universal, clearly meal
patterns vary considerably among societies, cultural and
social classes, age groups, and individuals. Obviously,
over time, meal patterns of different populations undergo
alterations. These changes in children’s cating habits
may be associated with current trends toward overweight
and obesity. The purpose of this review is to summarize
the literature on some aspects of meal patterns and
overweight and obesity in the pediatric population, prim-
arily in developed countries. MEDLINE and the Cochrane
Library were searched in October 2009 for key articles
published primarily in the last 18—-24 months that
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assessed the effect of meal patterns on body weight in
children and adolescents. The reference lists of identified
studies and key review articles, including previously
published reviews, were also searched. Only English-
language publications were included.

Breakfast consumption

Breakfast is commonly considered a key component of a
healthy diet. However, it is estimated that a substantial
number of children and adolescents (8—12 and 20-30%,
respectively) skip breakfast. The risk of skipping break-
fast is higher in female students, children from lower
socioeconomic backgrounds, and older children and ado-
lescents [1]. Recognized barriers to ecating breakfast
include a lack of time, not feeling hungry in the morning,
and weight concerns [2]. In recent years, a number of
studies aimed at determining the health effects of break-
fast skipping in children and adolescents have been
published [3°,4°,5,6°-8°]. These were cross-sectional or
cohort studies. Participants were children and adoles-
cents from European countries such as Croatia, Czech
Republic, Denmark, Finland, Greece, The Netherlands,
Norway, Portugal, Spain, Sweden, and the UK. The
participants were aged 7—21 years and were from differ-
ent socioeconomic backgrounds. A definition of breakfast
was provided in only some of the studies. Although
almost all of the studies provided criteria for breakfast
skipping, there were variations in those criteria. In some
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studies, the authors used ‘breakfast frequency’ (number
of days with eaten breakfast) to define breakfast skipping.
In other studies, breakfast skipping was defined accord-
ing to the number of breakfasts eaten or skipped weekly.
The definition of overweight/obesity also varied across
the studies. Collectively, the data from observational
studies carried out in Europe have consistently shown
that children and adolescents who eat breakfast have a
reduced risk of becoming overweight or obese and have a
lower BMI compared with those who skip breakfast.
These results are in line with previous results from
cross-sectional studies and several, small, prospective
cohort studies carried out outside of Europe [9°,10,11].
They are also in line with the results of a systematic
review published in 2005 [12]. The authors of this review
found that although breakfast eaters consumed more
daily calories, they were less likely to be overweight.
However, it was noted that not all studies associated
breakfast skipping with being overweight.

Meal frequency

Data from the cross-sectional Bogalusa Heart Study [13]
show a tendency toward a decrease in the number of
eating episodes among 10-year-old children (z =1584) in
the USA between 1973-1974 and 1993-1994. During
this period, total eating episodes decreased from 6.6 to 5.2
(P <0.0001). According to the American Dictetic Associ-
ation (ADA) evidence analysis from 2006, based on the
available data (the authors assessed the results from a
total of five observational studies — six separate analyses:
one longitudinal study, two nationally representative
cross-sectional studies, and three other cross-sectional
studies), it is not likely that the frequency of eating is
associated with adiposity [14]. However, the authors
emphasized difficulty in comparing results of identified
studies due to various definitions of a meal and an eating
episode. The conclusion from the ADA analysis is in
contrast to the results of almost all later published studies,
which demonstrate an inverse association between meal
frequency and the prevalence of overweight and obesity
in children. All identified studies were observational
ones: two longitudinal studies [15,16°], one cohort study
[17], and five cross-sectional studies [6°,18°,19°,20,21].
Participating children, aged 3-19 years, were mostly
European, but some were from South America (Brazil)
and North America (USA). The most probable reasons for
the discrepancy between the results of the ADA analysis
and those of later studies are differences in populations, a
lack of universal definitions for meals and overweight/
obesity, and a lack of statistical power. However, these
recent findings on meal frequency and its relation to
body composition are consistent with those from similar
studies conducted in adults [21]. Possible biological
mechanisms that may explain the observed association
between the number of meals and the prevalence of
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overweight and obesity are increased daily thermogenesis
after consumption of more meals, different levels of
physical activity between nibblers and gorgers, and the
influence of the number of meals on insulin metabolism

[21].

Beverage consumption

An increase in the consumption of sugar-sweetened
beverages (SSBs) over the past several decades is con-
sidered to be related to the risk of overweight and obesity
[22°]. However, the evidence supporting this relationship
is not so clear. There are a large number of studies and
reviews on this topic, but the conclusions raised are
inconsistent. We identified a total of nine reviews that
had evaluated the link between SSBs consumption and
weight gain. The earliest ones (published from 2005 to
2007) found the evidence to be ‘not conclusive’, ‘equiv-
ocal’, ‘probable’ or ‘strong’ [23°°]. One of the recent
reviews by Wolff and Dansinger [24°], although support-
ing the hypothesis that SSBs consumption causes weight
gain, suggests the need for larger and longer interven-
tional trials to clarify the effects of SSBs intake on body
weight. A meta-analysis by Forshee ez /. [25°°], which
evaluated only studies involving children, found that the
association between SSBs consumption and BMI was
near zero. In her paper, Harrington [26°] focused on SSBs
intake and its relation to an increased glycemic index; she
concluded that, pending additional clinical trials, limiting
SSBs consumption should be implemented. Finally, the
most up-to-date review by Gibson [23°°] estimated the
effect of SSBs intake on excess body weight as small
(except in susceptible individuals or at high levels of
intake). However, the author emphasized the methodo-
logical weaknesses of the analyzed studies. Recently,
cight additional cross-sectional studies related to this
issue were published. Six of these cross-sectional studies
[27°-32°] and one longitudinal study [33°] revealed a
positive association between SSBs intake and weight
gain; however, the remaining two cross-sectional studies
[34°,35°] and one cohort study [36] demonstrated no
significant association between these variables. Only a
few intervention studies, which provide the highest level
of evidence, have been conducted. Three randomized
controlled trials (RCTs) [37,38,39°°] that were incorpor-
ated in previous reviews suggest some beneficial effect
of the avoidance of SSBs consumption on body weight,
although there was no significant difference in BMI
values between the treatment and control groups. A
recent RCT by Albala ez a/. [40°°], which estimated
the effect of replacing habitual consumption of SSBs
with milk, demonstrated beneficial effects on lean body
mass and growth in children, despite no changes in
percentage body fat. Another RCT that evaluated the
outcomes of a cognitive behavioral therapy program
showed a greater reduction in the intake of SSBs as a
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percentage of total energy in the experimental group than
in the control group, which was related to reductions in
weight, BMI, and waist circumference [41°°]. In sum-
mary, methodological weaknesses of existing studies and
the paucity of good-quality intervention studies that
adequately assess diet, lifestyle, and effect size make it
hard to provide a definitive answer regarding whether
SSBs intake is significantly implicated in weight gain
[23°°]. However, for now it seems to be reasonable to
support the recommendations of known scientific bodies
(ADA 2006, AAP 2004, AHA 2009) suggesting limiting
SSBs consumption.

Snacking

What is called a ‘snack’ remains unclear. This lack of a
consistent definition is the main issue when the effects of
snacking are considered. Eating between meals and eat-
ing certain types of food — that is, snack food (usually
defined as a high-fat, energy-dense, salty, savory, or sweet
food) — are examples of often-mentioned definitions.
The approach to snacking pattern assessment is either
to quantify snacking frequency or to evaluate the quality
of a snack food.

The available data show that the snacking frequency
among children tends to increase concurrently with the
prevalence of overweight [42,43]. Due to their compo-
sition, snacks contribute to greater intake of fat, sugars,
and energy. However, according to the ADA evidence
analysis, snacking frequency or snack food intake is not
likely to be associated with adiposity in children [43].
This statement cannot be clearly supported by the results
of current studies. We identified three cross-sectional
studies that showed that more frequent snack intake is
associated with a smaller risk of overweight in children
[44°,45°,18°]. In the study by Aounallah-Skhiri ez a/. [45°],
this effect was observed only in boys. Another cross-
sectional study assessed the type and number of snacks
consumed weekly by a large sample of 8—10-year-old
children [46°]. It showed no significant difference
between the number of snacks consumed by obese
and nonobese children. However, obese children pre-
ferred more energy-dense snacks, especially those with a
salty taste. The authors concluded that salty snack intake
independently increased the likelihood of children
becoming obese. In a study by McDonald ¢ a/. [47°],
the prevalence of overweight was positively associated
with snack food intake (e.g., candy, ice cream, packed
fried snacks, soda, sugar-sweetened fruit-flavored
drinks). Finally, in one case—controlled study, frequent
snack consumption by the child in commercial establish-
ments was found to be a risk factor for obesity [48]. In
conclusion, the new data suggest that there is some
correlation between snacking and childhood overweight.
However, methodological limitations of the conducted

studies must be considered when interpreting these
inconsistent results.

Conclusion

As dietary factors play an important role in energy
balance, dietary interventions may help reduce or pre-
vent overweight and obesity in children. Available data
indicate that not only meal composition but also some
components that form a specific meal pattern can
promote childhood obesity. Reducing meal and snack
frequency, especially breakfast skipping, seem to be such
components. On the contrary, limiting SSBs and snack
food (defined as high-fat, energy-dense food) intake may
have a beneficial effect. Although current knowledge
does not allow one to draw any definitive conclusions,
it provides a solid basis for further research.
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