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Abstract

The purpose of this narrative review is to provide evidence for the impact of food portion sizes on the development of obesity in children and
adolescents. Strategies are needed on portion size estimation and on the relationship of portion size with certain health problems such as obesity,
insulin resistance, and emotional eating in all age groups, in order to provide information for parents, teachers, and health professionals aiming
to promote healthy eating. A wide range of controlled laboratory studies have found that portion size (PS) had the strongest effect on the amount
of food consumed. The effect of PS on total energy intake has been already observed with different types of foods and beverages, especially with
energy-dense foods. The influence of large PS was persistent and happened regardless of demographic characteristics such as age, gender,
income level, or body mass index. Although a direct causal link between PS and obesity remains controversial, some health and dietetics organi-
zations recommend to moderate PS, especially for energy-dense foods. Research studies in both laboratory and free-living contexts are needed
to determine the causal link between increased PS, obesity, and related metabolic complications in children and adolescents.

Resumen

El objetivo de esta revision narrativa es proporcionar evidencia actual sobre el impacto del tamafio de las porciones de alimentos sobre el desarrollo
de la obesidad en nifios y adolescentes. Son necesarias estrategias sobre la estimacion del tamafio de las porciones y su relacion con ciertos
problemas de salud como la obesidad, la resistencia a la insulina y la alimentacion emocional en todos los grupos de edad, a fin de proporcionar
una comunicacion efectiva para los padres, los profesores y los profesionales de la salud, teniendo por objetivo promover una alimentacion
saludable. Varios son los estudios que encontraron asociaciones positivas entre el tamafio de la porcion y la cantidad de alimentos consumidos.
También se ha observado que el tamafio de la porcion influye en la ingesta total de energia, especialmente en el caso de los alimentos de elevada
densidad energética, siendo este efecto independiente de las caracteristicas demograficas, como la edad, el género, el nivel socioeconémico o
el indice de masa corporal. La relacion causal entre el tamafio de las porciones y la obesidad sigue siendo controvertida; algunas organizaciones
de salud y dietética recomiendan moderar los tamafios de las porciones, especialmente tratandose de alimentos de elevada densidad energética.
Por ello se necesitan mas estudios a corto y largo plazo que puedan determinar la relacion causal entre el aumento del tamafio de las porciones,
la obesidad y las complicaciones metabdlicas asociadas en nifios y adolescentes.
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INTRODUCTION

The key of healthy eating seems to consist in choosing an appro-
priate and adequate amount of food from various food groups. A
healthful diet is essential for both good health and nutritional status,
and represents a key component of obesity prevention strategies.
According to WHO, nearly over 340 million children and adolescents
aged between 5 and 19 years were diagnosed with overweight or
obesity in 2016 (1). In addition, the prevalence of overweight and
obesity within these population groups has risen dramatically from
4 % in 1975 to over 18 % in 2016 (1). A large amount of evidence
shows that the portion size (PS) of some foods, especially those
consumed in restaurants, has increased dramatically over the last
30 years, along with the prevalence of obesity (2,3), a trend that
started in the 1970s and persists nowadays. With a view to invert
this situation, individuals need effective strategies to regulate their
energy intake in spite of the widespread availability of highly pala-
table, energy-dense foods (4). Increased PS of commonly served
foods is considered a major factor that has contributed to excessive
energy consumption and, consequently, to the development of obe-
sity (3,5). Obesity is considered the most common cause of insulin
resistance in children (6), as well as of dyslipidemia (7) and type-2
diabetes (8). In the public health setting, research data about food
intake, both in individuals and populations, serve as the basis for
nutrition monitoring and food policies (5). In this narrative review we
focus on the relation between food PS, total energy intake, obesity,
and some metabolic syndrome features such as insulin resistance
in children and adolescents.

SCOPE AND METHODOLOGY OF THIS REVIEW

The strategy for bibliographic search focused on articles publi-
shed in the English language from 1952 to December 2019
(including online). The databases used included PubMed, Web of
Knowledge, Scopus, Science Direct, and online books. In addition,
citations in reviews and paths within databases were also incorpo-
rated. Key terms included: portion size, food size, food type, dietary
estimation method, portion size estimation, food photography, food
model, household measures, obesity, food choice, dietary intake,
body mass index (BMI), energy-dense food, energy intake, emo-
tional eating, insulin resistance, diabetes, children, adolescents,
satiety, appetite, exposure, reward, model, and pressure to eat.

FOOD PORTIONS. DEFINITION AND
ESTIMATION

A portion is defined as the amount of food that we choose to eat
for a meal or snack, or the amount of a food that we decide to eat
or serve to an individual on a single eating occasion (9). The size
of a food portion can be identified as the weight or volume of hou-
sehold measures such as: tablespoons, hand measures, or size of
a reference object (10). The concept of PS varies widely between
countries, across different population groups, and according to
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both individual and environmental factors (10). For example, a PS
may reflect a person’s own choice, the choice of the food producer
in a restaurant, or a recommendation by a health professional or
the government. PS also reflects ways of eating—for instance,
in some cultures the hand-based portion is used to self-serve or
measure portions of foods for others (11).

Various methods are used to assess dietary intake, such as sin-
gle or multiple 24-hour dietary recalls, estimated dietary records,
diet history, and food frequency questionnaires. However, since
these methods rely on an individual’s memory, there is a cer-
tain challenge in determining food intake, especially in relation to
accurate estimation of food PS. To estimate PS several options are
available: directly weighing the amount of food consumed by the
participant or estimating the size of food portions via visual com-
parisons to household measures, food models, or photographs.

Directly weighing food portions

Because foods have to be weighed before consumption, wei-
ghing methods for determining portion sizes can only be used
with prospective dietary assessment methods and using properly
calibrated scales (12). The weighing should be done by investi-
gators or by participants. Although weighed food records are an
accurate traditional dietary assessment method, it is time con-
suming, cumbersome for participants, and costly to implement.

Visual estimation of weights and size

Direct observation using visual estimation is a non-intrusive
method of estimating food portions that provides an acceptable
alternative (13). To apply this method, observers should be trained
to estimate PS by monitoring the weights of foods consumed by
participants. The accuracy of estimations may vary according to
the type and quantity of food (14). Several studies revealed a good
correlation between visual estimates and actual weight (14). Even
S0, observers may differ on their ability to estimate food weights
visually, as they tend to overestimate the weight of the foods
consumed and to underestimate plate wastes, which may result
in potential bias when estimating sizes of foods with a high volume
but low weight (13). Of note, a wide range of methods have been
described to quantify outcomes related to PS in research studies,
including surveillance and epidemiological analyses, clinical and
nutritional studies, and research on eating behaviors (15). The
most frequently used measurements are food models, photogra-
phs, and household measures (16).

Household measures
Even though some foods, like eggs, oranges, or soft drinks,
can be recorded in units, other food items are often measured

in volumes such as cups or tablespoons (16). These measures
are familiar and easy to use. However, volume measures may
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produce considerable error and individual variability in estima-
ting portion weights (17) because foods can be packed tightly
or loosely, and certain foods, such as meats and pastries, do not
conform to measuring devices (18). Household food measures
have led to significant under- or over-estimations of actual portion
weight (16). ConsOequently, household measures are not accurate
for individuals, but they are still used to produce acceptable data
for group estimations in epidemiological studies.

Food models

Food models are also known as fake food models; they are geo-
metric shapes of food samples. Some studies found that having
realistic models closer to real food is a better option for children
(19). On the other hand, a systematic underreporting of intake
was found when three-dimensional plastic food models were used
to represent servings, and the magnitude of this underreporting
varied across food items. In contrast, when larger-sized food
models were used, participants tended to be more accurate in
reporting their intake of foods (20,21).

Photographs

In studies that involve telephone recalls or self-administrated
dietary surveys, two-dimensional pictures of food shapes were as
effective as three-dimensional models in supporting participants
to estimate PS (22). Food photographs of various PSs have been
reported to be useful in some studies (23), but poor correlations
to actual measurements were detected in others (24).

FACTORS AFFECTING FOOD PORTION SIZES
ESTIMATIONS

Several studies have been conducted to examine the influen-
ce of some specific characteristics of foods, study subjects, and
interviewers on the accuracy of PS estimations.

Food characteristics

Food type

It is important to know which foods are more reliable to estimate
the size of their portions. Significant errors have been reported for
some foods such as cakes, salads, butter on toast (25), and amor-
phous foods such as spaghetti or apple sauce (26), as well as for
fish, rice, steak, and cheese (20). However, some studies indicate no
consistent association between size estimations and food type (27).

Food size
Some studies found greater difficulties in estimating PS as por-

tion size increases (28). In addition, some investigators reported
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that large plates are harder to estimate (29), but others did not
report any differences related to plate size (27).

Subject characteristics
Age

Previous studies suggested that children are not able to estima-
te PS very accurately, even when prompted with visual aids (30).
In contrast, recent studies found that children can estimate food
PS with an accuracy approaching that of adults (31). However,
high-school and college students have also reported difficulties
when estimating PS (32).

Gender

The influence of gender on PS estimation has been argumen-
tative, even though some studies report that women are better
estimators (12), others report minimal or no differences (20). The-
se differences between genders may reflect a skill attributed to
the greater experience of women in measuring food as a function
of their reference system, or a biological response to the higher
energy needs of men versus women (33).

RELATIONSHIP BETWEEN FOOD PORTION
SIZE AND TOTAL ENERGY INTAKE

The consumption of large PSs, especially from high ener-
gy-dense foods, has been identified as a major cause of exces-
sive total energy intake (34). Laboratory studies show that
increasing PS leads to increased energy intake in adults (35-37),
mostly for high energy-density (HED) foods (2,3,34), in children
and adolescents over 3 years of age (38-42). This finding is
called the “portion size effect” or portion size response. This
association has been observed in both laboratory and free-living
studies, binding the consumption of large PSs with increased
energy intakes across a variety of foods, ages, and body weights
(3,43). Interestingly, this impact has been observed with packa-
ged snacks (35), energy-dense casseroles (36,40), unit foods
like sandwiches (44) and beverages (45), and even with low
energy-dense foods like fruits and vegetables. Additionally, the
effect of PS has been also observed in restaurants and offices
(46,47), even if participants were served unpalatable foods (48)
or with manipulation of plate size (49). To systematically assess
the effect of PS on energy intake, several studies were conduc-
ted (Table I). A study assessed four US nationally representative
surveys from 1977 to 2006 for three age groups (2-6-, 7-12-,
and 13-18-year-olds), and found that, in all age groups, larger
PSs of pizza were linked with higher energy intakes at eating
occasions, whereas in 7-12- and 13-18-year-olds higher energy
intakes at meals correspond with larger PSs of sugar-sweetened
beverages (SSBs), French fries, or salty snacks (38). In another
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Table I. Studies assessing PS and its effect on total energy intake in children
and adolescents

Participant

Author/year Country

characteristics

Study design Main outcome

59 low-income Hispanic

— Doubling the PS of several entrées and a

A within-subjects snack served during a 24-h period increased

Ref (38)

and 13-18 year-olds)

Fisher JO, et al. (2007). Ref (42) | USA a::sﬁ;‘]ré(;zli_r; Agzje;(]:iell;ren (ejzzier:]mental energy intake from those foods by 23 %
P g g (180 keal) among children (o < 0.0001)
— Effects of PS (p < 0.0001) and ED
(p < 0.0001) on entrée energy intake
Fisher JO, et al. (2007). USA 53 children aged A 2 x 2 within- were independent but promoted meal
Ref (39) between 5 and 6 years | subjects design consumption
— FEffects did not vary by sex, age, entrée
preference, or body mass index z-score
— Doubling an age-appropriate portion of an
Orlet Fisher J, et al. (2003). USA 30 children with an age | A within-subjects entrée increased entrée and total energy
Ref (40) range of 2.9-5.1 years crossover design intakes at lunch by 25 % and 15 %,
respectively
Rolls BJ, et al. (2000). 32 pre-school children Within-subject — Older children consulmed a greater gmount
USA aged between 3 and 4.3 of energy when serving a large portion
Ref (41) crossover
years (p < 0.002)
Four US nationally — Inall gge grolups,'a larger PS qf pizza
) was linked with higher energy intakes at
representative surveys eating occasions during which pizzas were
Piernas C, Popkin B. (2011). from 1977 to 2006 were | Cross-sectional g 9 P
USA consumed

analyzed (n = 31,337);
age groups: 2-6, 7-12,

study — In 7-12 and 13-18 year-olds, higher energy

intakes at meals corresponded with larger
PSs of SSBs, French fries, or salty snacks

study, when a PS of 250 or 500 g of a macaroni and cheese
entrée was served at a dinner meal to children, the effects of
the entrée’s PS (p < 0.0001) and energy density (p < 0.0001)
on energy intake were independent but promoted meal con-
sumption (39). The same result was noticed with a large portion
(p < 0.002), when serving three different sizes (small, medium,
large) of macaroni and cheese to children at lunchtime (41).
In the study by Fisher JO et al., when preschool-aged children
doubled the PS of several entrées (breakfast, lunch, dinner) and
a snack during a 24-h period, there was an increase in energy
intake from those foods by 23 % (180 kcal) (p < 0.0001) (42).
Consequently, these studies showed that the PS effect was
strongly and consistently observed across food types, environ-
mental conditions, and study populations.

FOOD PORTION SIZES AND EMOTIONAL
EATING

There are several factors that affect food intake, including
metabolic needs (50), emotional states, motivations, and self-re-

gulatory processes (51). To maintain energy balance, cognitive
control responds by reducing or increasing food intake in order
to cope with stress and negative emotions (52,53). However, it
seems likely that consumption of large food portions, with high
energy density, facilitates the increase of energy intake (54).
Some studies found that external factors and emotional states,
and their scores for dietary curb, were significant predictors
of food intake. They also found that subjects who scored high
on dietary restraint or emotional disinhibition increased their
food intake in the presence of larger PSs, which means that
a negative or positive mood was significantly associated with
greater food and calorie intake across groups (51). In children,
a positive association was observed between emotional eating
and the frequency of sweet and fatty food consumption, which
may contribute to the development of overweight (55), even
though the study did not quantify the PS of the consumed food.
The relationship between emotional eating and dietary patterns,
mainly PS, has not been examined in young children. More stu-
dies are needed to analyze the possible influence of emotional
eating on food intake in response to dietary manipulations of
food PS and energy density.
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FOOD PORTION SIZES AND OBESITY,
RELATED METABOLIC COMPLICATIONS

FOOD PORTION SIZES AND OBESITY

Although PS has been increasing over time, the effect on weight
has not been clearly predictable. Several short-term controlled
feeding trials, and epidemiological studies, assessed the associa-
tion between food PS and body weight, as well as some adiposity
indices, showing mixed findings.

In adults, several studies were performed. A midday meal mani-
pulation with a four-week trial showed that larger portions were
associated with a weight gain of 0.64 + 1.16 kg, whereas this
change in the standard portions group was 0.06 + 1.03 kg (56);
these weight changes were not significant over time or between
test periods. Even so, Rippin et al. (57) found limited evidence on
the association between the PS of energy dense foods and BMI
in subgroups analyzed from the French and UK national dietary

Table Il. Studies assessing PS effect on BMI

173

surveys. To assess body weight changes during PS manipula-
tion, an intervention study observed a non-significant increase
in body weight after providing a 50 % larger lunch for 1 month
(56). However, possibly the PS effect was too small to result in
weight change due to the small sample size of the study, and
the fact that only one meal of the day was manipulated with
controlled PS throughout the intervention period. In another short-
term study, a significant increase in mean body weight, for men
and women, was observed after larger portions were served on
all eating occasions (58). However, these findings are based on
cross-sectional analyses, and it still remains unclear whether the
association between PS and obesity is causal or associative only.
Meanwhile an effective weight loss was well documented with
meal replacement products and portion-controlled entrées (59).

Several studies observed a positive relationship between increa-
sing PS and obesity in children (60,61) and adolescents (9,62)
(Table Il). Fisher JO and Birch LL study on girls, aged between 5
and 7 years, found that those who ate large amounts of snack

and obesity in children and adolescents

. . Dietary
Participant tu .
Author/year | Country articipant E d V' | assessment Main outcome
characteristics | design
method
— In the plausible sample, reported El, meal PS,
Children and and meal energy were positively associated
Huang TT, et al. Cross- Two 24-hour with BMI percentile in boys 6 to 11 years old
USA adolescents (3t0 19 i ) .
(2004). Ref (63) sectional dietary recalls and in children 12 to 19 years old
years old, n = 8048) ) : o
No relationships were found in children 3 to
5 years and girls 6 to 11 years old
Overweight in children aged 3-6 years was
positively correlated to PS of croissant-like
Lioret S, et al. France 748 French children Cross- A 7-day food pastries and other sweetened pastries
(2009). Ref (64) aged 3to 11 years sectional record PS of liquid dairy products were inversely
associated with overweight in children aged
7-11 years
192 dirls. assessed Child Feeding The girls who ate large amounts of snack
Fisher JO, Birch LL. USA whengthey were 5 and Experimental | Questionnaire. foods in the absence of hunger at 5 and 7
(2002). Ref (60) y study Standard ad years of age were 4.6 times more likely to be
7 years of age. o .
libitum lunch overweight at both ages
Gradual increases in portions of milk, bread,
1100 children from Two cereal, juice, qnd peanut bgtter, \,Nh'Ch, .
) . together contribute the major children’s daily
McConahy KL, et al. USA two national samples | Cross- nonconsecutive enerav intake
(2002). Ref (61) aged from 1 to sectional 24-hour dietary o i,
9 vears recalls Average PS Z-scores were positively related to
Y both body weight and energy intake, but not
number of eating occasions and/or foods
The PS of a limited number of high energy-
A representative Multivariable dense foods (high-fibre breakfast cereals,
Albar SA, et al. UK sample of 636 rearession A 4-day estimated cream and high-energy carbonated soft drinks
(2014). Ref (9) adolescents aged 11 J ) food diary were positively associated with a higher BMI
analysis .
to 18 years among all adolescents after adjusting for
misreporting
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foods in the absence of hunger were 4.6 times more likely to be
overweight (60). This was confirmed by another study conducted
in children and adolescents, which found that PS and energy
content per meal were significantly associated with BMI percen-
tile in boys 6 to 11 years of age and in children 12 to 19 years
of age. However, no relationships were found among children 3
to 5 years and girls 6 to 11 yearsof age (63). Another French
study on children aged between 3 and 11 years, taken from the
1998-1999 cross-sectional study, observed that overweight in
children aged 3 to 6 years was positively associated with the PS
of biscuits (p = 0.0392) and sweetened pastries (p = 0.0027).
Also significantly positive trends were observed for PSs of crois-
sant-like pastries (p = 0.0568) and meat (p = 0.0574) (64). In UK
adolescents, there was also a positive association between PS of
biscuits and cakes and BMI (9).

Unfortunately, these studies cannot be taken as proof of cau-
sality in children, mainly because they are not reflecting their
eating in a free-living context. Consequently, long-term studies
are needed to determine the causal link between increasing PS
and obesity. However, these studies concluded that reducing
PS may be an effective tool for weight control.

FOOD PORTION SIZES, GLYCEMIC INDEX,
AND INSULIN RESISTANCE

In 1981 the glycemic index (Gl) concept was proposed by Jen-
kins and colleagues to describe the rate of carbohydrate absorp-
tion after a meal (65). Gl is defined as ‘the area under the glucose
response curve after consumption of 50 g of carbohydrates from
atest food divided by the area under the curve after consumption
of 50 g of carbohydrates from a control food, either white bread or

S. M. Flieh et al.

glucose’ (66). Food PS has a major effect on the glycemic index
value because glycemic responses are related to carbohydrate
load (65). The usefulness of glycemic load (GL) is based on the
idea that a high Gl food consumed in small portions would have
the same effect on blood sugar as larger portions of a low Gl
food (66,67). Although the effect of PS on GI was mentioned from
1981, there are no experimental studies measuring the effect of
PS on Gl in children and adolescents.

Insulin resistance, impaired glucose tolerance, and type-2
diabetes are considered ominous public-health issues in all age
groups (6,8). Studies found that childhood obesity causes hyper-
tension, dyslipidemia, chronic inflammation, a tendency to increa-
sed blood clotting, endothelial dysfunction, and hyperinsulinemia
(7,68-70). The clustering of cardiovascular disease risk factors,
known as the insulin resistance syndrome, has been identified in
pre-pubertal children (71).

Insulin resistance is a key component of the metabolic syn-
drome, in turn a cluster of cardiometabolic factors with increa-
sing prevalence in children and adolescents, and associated with
obesity (72,73). The relationship between metabolic syndrome
and diet among children and adolescents remains poorly unders-
tood. In adults, studies have shown that dietary patterns cha-
racterized by high intakes of fruits and vegetables are generally
associated with a lower prevalence of the metabolic syndrome
(74,75). Although the development of obesity in genetically stable
populations has been increasing (8), studies examining insulin
resistance, metabolic syndrome, and their association with diet,
especially PS in children and adolescents, are still scarce. It is still
unknown whether individual dietary components, or overall diet
can independently affect metabolic syndrome in this age group.

The flow diagram of the underlying factors affected by PS are
found in figure 1. High PS is related to obesity and other metabolic

Food portion

. Increase BMI
Size

Increase energy
intake

Overweight
Obesity

Figure 1.

Summary of factors that affect PS and lead to the development of obesity.
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complications, whereas many factors such as sociodemographic
parameters (gender, age), dietary patterns including energy-dense
food, skipping breakfast, and sedentary lifestyle, alongside with
psychological factors like emotional eating, were found to have
a direct effect on the consumption of large food PSs. As illus-
trated in figure 1, there is an interchangeable relation between
dietary patterns and food PS. For example, the consumption of
energy-dense foods was linked with large PSs and vice versa.
Furthermore, once a larger portion is chosen, energy intake
and—consequently—BMI will increase. Similarly, high food PSs
increase glycemic index levels, thus contributing to both insulin
resistance and metabolic syndrome. Of note, increasing energy
intake could cause an increase in BMI and the development of
overweight and obesity, which in turn could contribute to insulin
resistance and metabolic syndrome.

CONCLUSION

Food and drink PS has been increasing in recent years. However,
it has not been possible to establish a direct causal link between lar-
ge food PS, especially in the case of energy-dense foods, and obesi-
ty as well as certain metabolic syndrome features. To date there are
no long-term, randomized, controlled trials to assess the exposure
to large portions of food and its effects on body weight. Clearly, there
is an urgent need to develop a well-articulated research framework
that systematically tests the interaction between selection of food
PS and development of obesity, insulin resistance, and metabolic
syndrome in both children and adolescents.
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