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ABSTRACT

Objective: To review the main articles on energy imbalan-
ce and obesity in order to quantify the daily energy surplus
associated with weight gain in children and adolescents.

Data sources: Articles published in the last ten years,
indexed in electronic databases Medline (Pubmed) and
SciELO-Br. In the Medline database, the descriptor “energy
gap” was used and describes the energy values associated
with changes in body weight in individuals or populations.
In SciELO-Br database, the descriptors “obesity”, “energy
metabolism”, “energy balance”, and “energy imbalance”
were used, once it was not possible to find national articles
discussing the energy gap.

Data synthesis: In the pediatric population, four studies
were performed and indicate that children and adolescents are
gradually gaining weight due to a small, but persistent, daily
positive energy balance of 70 to 160kcal above the total energy
suitable for growth. The results suggest that small changes
in daily eating behavior as well as physical activity would
be enough to prevent future weight gain in this population.

Conclusions: gradual weight gain can be explained by
small daily average of positive energy balance, from 70 to
160kcal above the total energy suitable for growth. The incen-
tive to small changes in eating behavior and physical activities
that promotes daily reduction of 160kcal can be an accessible
practice in order to block weight gain in this population.

Key-words: obesity; child; adolescent; energy metabo-
lism; energy intake; weight gain.

RESUMO

Objetivo: Revisar os principais artigos referentes ao tema
desequilibrio energético e obesidade, a fim de quantificar o
excedente energético didrio associado ao ganho de peso em
criangas e adolescentes.

Fontes de dados: Artigos publicados nos Gltimos dez anos,
indexados nas bases de dados eletrdonicas Medline (Pubmed)
e SciELO-Br. Na base de dados Medline, utilizou-se o des-
critor “energy gap”, termo que descreve os valores energéticos
associados as modificac¢des no peso corporal em individuos ou
populacdes. Na base de dados SciELO-Br, utilizaram-se os
descritores “obesidade”, “metabolismo energético”, “balanco
energético” e “desequilibrio energético”, devido ao fato de ndo
terem sido encontrados artigos nacionais que discutissem o
assunto “energy gap”.

Sintese dos dados: Na populagio infantil, quatro estudos
foram realizados e indicam que criangas e adolescentes estdo
gradualmente ganhando peso devido a um pequeno, mas
persistente, balango energético positivo didrio, 70 a 160kcal
acima do total calérico adequado para o crescimento. Os
valores encontrados sugerem que pequenas modificacdes nos
hébitos didrios de alimentacio e de atividade fisica seriam su-
ficientes para evitar futuros ganhos de peso nessa populagio.
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Conclusdes: O ganho gradual de peso pode ser explicado
por pequena média didria de balanco energético positivo, de
70 a 160kcal acima do total calérico adequado para o cres-
cimento. O incentivo as pequenas modifica¢des nos hébitos
alimentares e de atividades fisicas que promovam a redugio
de 160kcal didrias pode ser uma pratica acessivel, a fim de
barrar o ganho de peso nessa populagdo.

Palavras-chave: obesidade; crianca; adolescente; me-
tabolismo energético; ingestdo de energia; ganho de peso.

RESUMEN

Objetivo: Revisar los principales articulos referentes al
tema desequilibrio energético y obesidad, a fin de cuantificar
el excedente energético diario asociado a la ganancia de peso
en nifios y adolescentes.

Fuentes de datos: Revisién de articulos publicados en los
tltimos 10 afios, indexados en las bases de datos electrénicas
MEDLINE (Pubmed) y SciELO-BR. En la base de datos
MEDLINE se utilizé el descriptor energy gap, término que
describe los valores energéticos asociados a las modificaciones
en el peso corporal en individuos o en poblaciones. En la base
de datos SciELO-BR se utilizaron los descriptores obesidad,
metabolismo energético, balance energético y desequilibrio
energético, debido a no haberse encontrado articulos nacio-
nales que discutieran el tema energy gap.

Sintesis de los datos: En la poblacién infantil, cuatro
estudios fueron realizados e indican que nifios y adolescentes
estdn gradualmente ganando peso debido a un pequefio pero
persistente balance energético positivo diario, 70 a 160kcal
por encima del total cal6rico adecuado para el crecimiento.
Los valores encontrados sugieren que pequefias modifica-
ciones en los hdbitos diarios de alimentacién y de actividad
fisica serfan suficientes para evitar futuras ganancias de peso
en esta poblacién.

Conclusién: La ganancia gradual de peso puede explicarse
por pequefio promedio diario de balance energético positivo,
de 70 a 160kcal por encima del total calérico adecuado para
el crecimiento. El incentivo a las pequefias modificaciones en
los hdbitos alimentares y de actividades fisicas que promue-
van la reduccién de 160kcal diarias puede ser una prictica
accesible a fin de parar la ganancia de peso en esta poblacién.

Palabras clave: obesidad; nifio; adolescente; metabolismo
energético; ingestion de energia; ganancia de peso.
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Introduction

Obesity is the fastest growing chronic disease in the
world, and it has become a pressing concern of public health
policies. Epidemiological studies show that since the 70s the
number of overweight children in Brazil has tripled, and
currently the number of overweight children is larger than
of malnourished children®?.

The obesogenic environment has favored a persistent
state of positive energy balance over the years, which is
responsible for the gradual weight gain in children and
adults®®. The treatment of obesity shows low adherence
rates, given the impact of the suggested changes, which
reinforces the importance of preventive measures®”. In
this context, actions that favor the initial stabilization of
the population weight, for subsequent weight reduction
have been discussed”¥.

In 2003, Hill ez 2/ were the first authors to propose a
method to quantify the excess energy accumulated daily
(resulting from the positive difference between the energy
intake and energy loss), which is responsible for maintai-
ning the pattern of weight gain in individuals as well as in
populations, as depicted in Chart 1. In their study, based on
data weight of North American adults from 20 to 40 years,
obtained from two national surveys, the authors calculated
the distribution of the population’s weight gain between
1992 and 2000. The results showed a weight gain from 14 to
16 pounds (=6.4 to 7.3kg) in the eight-year period, which is
equivalent to a gradual weight gain from 1.8 to 2.01b (=0.8
to 0.9kg) per year. Based on this results and on the assump-
tion that each pound (1.0 lbs equals =0.454kg) of weight
gain represents 3.500 excess kcal'”, the mean amount
of energy accumulated was 15kcal/day, with 5Okcal/day
corresponding to the 90th percentile. Also assuming that
the energy coming from the diet is stored in the organism
with a 50% efficacy, the authors concluded that a daily excess
of 100kcal was responsible for maintaining the pattern of
weight gain in 90% of the population (50kcal in p90x50%
metabolic efficacy), and that, therefore, if such energy intake
was either reduced or spent on physical activity, this could
prevent future weight gain in most of the North American
population®.

The value found was called energy gap, used in this article as
the energetic difference that, related to weight gain in indi-
viduals or populations, can be defined as “the difference between
energy intake and energy expenditure, resulting in accumulation of
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energy”, or “how much extra energy should be spent or how much
less energy should be consumed in order to stop the weight gain “©.

Since the original article by Hill er 2/ this method has
been used in several studies with adults, and the values
have usually been low, from 20 to 100kcal/day"'-'>. The
low values suggest that small changes in the daily habits of
eating and physical activity would be sufficient to prevent
future weight gain in the adult population®.

There is consensus that prevention is the best strategy to
control the epidemic of obesity in children™”. This paper
aims to review the articles that quantify the energy gap
responsible for excessive weight gain in children.

Data sources

We searched the electronic databases MEDLINE
(PubMed) and Scientific Electronic Library Online (SciELO-
Brazil) for the selection and review of articles written in
English and Portuguese, published between January 2002
and April 2012.

The search focused on articles that quantified the surplus
energy, in calories, that was responsible for weight gain in
children and adolescents. For MEDLINE / PubMed we used
the term energy gap, which returned 28 publications. Four
of these were pediatric studies, and therefore, were selected
for analysis and discussion.

Chart 1 - Estimates of the energy gap in adults

As the term energy gap has not been used in national
articles yet, we used the keywords defined by the Health
Descriptors (MeSH) for the search in the SciELO- Brazil
database. The mesh terms obesity and child were used in com-
bination with the following: energy, energy metabolism (also
used as energy expenditure) and energy intake. The same
search was repeated using the keyword adolescent instead of
child. We also searched terms commonly used in the inter-
national literature, but that are not included in the MeSH
terms: energy balance and energy imbalance. No articles of
interest were found.

Summary of the findings

Only four studies have been conducted in children
(Table 1). In 2003, Butte & Ellis"®followed the weight gain
and the body composition of 337 Hispanic children, mean
age 11.913.6 years, for one year. Eutrophic children who
remained eutrophic after this period gained 9lb (4.1kg) per
year, which represented a gain of 75kcal/day (137 for P90).
Eutrophic children who became overweight gained 151b
(6.8kg) per year, representing the stocking of 133kcal/day
(171 for P90). Overweight children who remained overwei-
ght had a mean gain of 16 1b (7.2kg) per year, with a
144kcal/day stocking (251 for P90). Considering a 50%
energy efficiency, as proposed by Hill ez «/®, it would be

Energy Gap in Adults

1° step: Evaluation of the rate of weight gain

» Weight gain is interpreted as the stocking of fat tissue

« If the rate of weight gain of a population is known, it is possible to estimate the rate of energy accumulation, as well
as the rate of positive energy balance (energy gap) that originates such weight gain

2° step: Calculus of the energy accumulation

» The energetic accumulation represents the amount of energy stored in the fat tissue resulting from the weight gain
* Itis assumed that each pound of weigh corresponds to the accumulation of 3,500kcal.11b=0.454kg=3500kcal

3° step: Calculus of the energy gap

» Whenever the energy intake is greater than the energy loss the energy balance is positive, and this positive fraction
(over the neutrality) that causes the energy accumulation is called energy gap

In a mixed diet, nearly 50% of the consumed energy is stored. It is well known that the energy ingested is not 100%
stored, due to the metabolic cost related to the process of digestion and assimilation of the nutrients

» Assuming a 50% metabolic efficacy, the energy difference corresponds to twice the energy accumulation

» For instance: for each extra 100kcal ingested, 50kcal are stored (which means, the energy accumulation of 50kcal
corresponds to a 100kcal energy gap, considering a metabolic efficacy of 50%)

Reference: Hill et al, (2003)
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Table 1 - Energy accumulation and energy gap in the samples of children and adolescents from different populations

Author Country and study Characteristics of the Energy gap
design sample (kcal/day)
) Spain n=337
Butte and Ellis"® (2003) 342-502
_Cohort study 5-19 years
U.S. n=3000 110-165 children
Wang et al'® (2006) )
Cross-sectional study 2-17 years 678-1017 adolescents
o German n=2057
Plachta-Danielzik et al'® (2008) 100-140
_Cohort study 6—14 years
Netherlands n=2190
van den Berg et al@ (2011) 69-77kcal
Cohort study 2—7 years

necessary a reduction of 342 to 502 kcal/day to stop the
weight gain in 90% of the population. The authors also
estimated the energy gap based on body composition, using
different values of energy efficacy for fat mass (85%) and lean
mass (42% for protein stock) and found that the reduction
from 204 to 263kcal/day would be necessary to prevent
further weight gain®”. Although the values correspond
to half of the estimates when a 50% metabolic efficacy is
considered, they still represent twice the values stipulated
by Hill ez «/ for adults.

Wang ez al'® analyzed the data of the National Health and
Nutrition Examination Survey (NHANES) cross-sectional
study in the periods 1988-94 and 1999-2002 to compare
the distribution of the BMI percentiles of two cohorts of
North American children and adolescents, who were initially
24 and 5-7 year-old. In a fictional scenario, based on the
1988-94 data, the authors built a curve of height and weight
gain, considering on optimal growth pattern (in which the
energy balance represented the gain weight proportional to
the height), and projected this same curve by ten years ahe-
ad, assuming that the percentages would remain the same.
The hypothetical data were then compared with the actual
data from NHANES 1999-2002. The comparison between
the actual and simulated scenario showed the distribution
of weight gain beyond the values considered normal for the
growth process, for further calculation of the energy gap.
Assuming a uniform weight gain over the time, and the
energy efficacy from 50 to 75%, a lesser energy intake from
110 to 165kcal/day could have prevented the weight gain
in most of the pediatric population. Among overweight
adolescents (12 to 17 years old in NHANES 1999-2002),
the change proved to be far higher, from 678-1017kcal/day,
which resulted in the accumulation of a mean 26.5kg above
the normal for growth®.

Rev Paul Pediatr 2013;31(2):252-7.

Plachta-Danielzik ez 2/"” examined the distribution of
adequate and excessive energy intake in 2057 initially eu-
trophic children, considering the impact of age and gender
on the body composition of the individuals. They used the
four-year longitudinal study entitled Kie/ Obesity Prevention
Study — KOPS - database for this analysis. The energy gap was
calculated for the children who remained within the proper
weight range and for those who became overweight during
the study period. The subjects were divided into two groups
for analysis: 6-10 and 10—14 years old. Among the eutrophic
children, the average energy gap (kcal/day) in the 6-10 years
old age group was 26.8 for the girls and 21.1 for the boys.
Considering the energy gap at the 90th percentile (inci-
dental overweight), the values increased to 58.1 and 46.0,
respectively. In the 10-14 years old age group, the values
for eutrophic children were 46.4 and 32.5 for girls and boys
and 72.0 and 53.2, respectively, in incidental overweight
children. Assuming the metabolic efficacy of 50-60%, the
authors concluded that, although there were variations in
the energy gap between the genders in the observed period,
lesser 100 to 140kcal intake a day could prevent excessive
weight gain in normal children?.

In 2011, van den Berg er 2/?” published the results of a
4 years follow-up of 2,190 Dutch children who participa-
ted in the Dutch Prevention and Incidence of Asthma and Mite
Allergy (PIAMA) cohort study. The researchers used the data
on weight and height, annually reported by the parents, to
calculate the z-scores of BMI and assess the anthropometric
changes that occurred from the initial age of 2 years to the
last age of 5—7 years. For analysis, children were divided
into four groups: children who were eutrophic at the age of
2 and remained eutrophic at 5—7 years; eutrophic children
who became overweight, overweight children at both ages
and overweight children who became eutrophic in this same
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time interval. Initially eutrophic children who remained
eutrophic gained 8.5kg, versus 13.3kg for normal weight
children who became overweight at the end of the study.
The energy gap was calculated as the positive difference
between overweight and normal weight children, assuming
the energy efficacy of 50%. The energy gap found, which
was responsible for the excessive weight gain in most of the

overweight children at 5-7 years, was 69—7 7kcal/day"”.

Discussion

In the analyzed studies, the estimated energetic gap ran-
ged from 69 to 1.017kcal/day. This variation was greater
than that found for adults, from 20 to 100kcal/day.

As with adults, different values among the studies are to
be expected, because the rates of weight gain show a singular
distribution in each population. However, to estimate the
energy gap among children, compared to the adults, some
adjustments must be made. It is necessary to consider that
the energy imbalance is already expected due to the extra
energy costs required for the intense anabolic process of
growth, which implies in persistent positive energy balance.
It should, therefore, separate the characteristic energy accu-
mulation for growth and the excessive energy intake!®2"?2.
During the stage of growth and development, differences in
the body composition and in the degree of energy accumu-
lation by age, height, gender, ethnicity and pubertal stage
are usually expected®"??,

In the study by Butte & Ellis"?, the authors did not
consider the energy intake necessary for proper growth (75
extra kcal/day for normal children who remain eutrophic),
resulting in the overestimation of the energy gap. Wang
et al'™® considered the extra energy necessary for normal
growth, but this study was limited by its cross sectional
design. The long-term prospective studies performed by
Plachta-Danielzik ez 2/"” and van den Berg et 2/* took into
consideration the limitations of the prior studies, and were
able to provide more accurate estimates of the energy gap. In
the study of Plachta-Danielzik er 2/ the differences between the
genders and developmental stages were also considered.

Despite the difficulties in data comparison due to the
differences in the study design, hypothesis and methods, if
the north American adolescents evaluated by Wang et 2/"®,
who had a weight gain 5—6 times the average of the U.S.
population were excluded, the energy gap ranges from 70 to
165kcal/day, which suggests that the mean weight gain of
the pediatric population could also be explained by a small
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mean daily positive energy balance, as observed in adults.
Thus, the stimulus to small changes in the eating habits
and physical activity seems be a practice also applicable
to this population.

It is important to consider that the new weight standard
attained by the child is accompanied by changes in the
body composition that cause both increased fat mass and
lean body mass, and a consequent increase in the resting
metabolic rate (RMR), in the energy expenditure during
physical activities and in the total daily energy expenditure.
Thus, the increase in the energy intake is always accompa-
nied by an increase in the total daily energy expenditure,
which continues until a new energy balance is reached. This
suggests that, despite the increased energy requirements
after weight gain, the individuals keep consuming slightly

more energy than they expend 2429,

Practical application

If a daily reduction of 160kcal was adopted to prevent
weight gain in children, this would represent rather sim-
ple changes in the children’s routine. Taking as example
the exclusion of industrialized foods, it would be the
equivalent to the exclusion of a small pack (45g) of potato
chips, or two cookies. The energy expenditure of the same
amount of calories, calculated for a 40kg child, correspon-
ds to 1 hour and 15 minutes walk at Skm/h (moderate
pace) on level ground, or 1 h of activities such as football,
basketball or swimming. Assuming the same reduction
of 160kcal per day was combined between energy intake
and loss, this could be accomplished, for example, with
the substitution of whole milk by skimmed milk (less
50kcal in a 240mL portion), plus the replacement of a
pack of industrialized potato chips by a slice (30g) of
plain cake (less SO0kcal) and a 30 minutes walk in the same
intensity as described?”*®. Note that, because there is no
consensus on energy expenditure in terms of calories loss
and the metabolic equivalent of the activities performed
by children and adolescents, these estimates were based
on adult values, which tend to underestimate the energy
expenditure in this population®?,

Regardless the importance of each factor — ie, energy
consumption or energy expenditure — in the equation of
energy imbalance, in an environment where the poor quality
diet and sedentary lifestyle are global characteristics among
all age groups~*Y, changes in both habits are indisputable
and necessary for the reversal of this epidemic picture.

Rev Paul Pediatr 2013;31(2):252-7.
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Using such approach, public health organizations in the
U.S. have adopted the premise that “small changes lead to
positive results on health and can effectively stop the wei-
ght gain in the population.” Among others, we can cite the
American Diabetes Association and the American Heart Association,
in addition to non-profit initiatives such as the America on the
Move (https://aom3.americaonthemove.org/defanlt.aspx), in part-
nerships with the American College of Sports Medicine , and the
United States Department of Agriculture (USDA)!”.
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Conclusions

The continuous growing weight among children indicates
that, in spite of the increased energy requirements after wei-
ght gain, individuals keep consuming slightly more energy
than they expend. These studies suggest that children have
been gradually putting on weight due to a small but per-
sistent daily positive energy gap, from 70 to 160kcal above
the necessary for the growth process.
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