
Nutrition 59 (2019) 116�120

Contents lists available at ScienceDirect

Nutrition

journal homepage: www.nutr i t ionjrnl .com
Applied nutritional investigation
Assessment of body composition changes during a combined
intervention for the treatment of childhood obesity
D1X XTeodoro Dur�a-Trav�e D2X XM.D. a,b,c,*, D3X XFidel Gallinas-Victoriano D4X XM.D. b, D5X XMaría Urretavizcaya-Martinez D6X XM.D. b,
D7X XLotfi Ahmed-Mohamed D8X XM.D. b, D9X XMaría Jes�us Chueca Guindulain D10X XM.D. b,c, D11X XSara Berrade-Zubiri D12X XM.D. b,c

aDepartment of Pediatrics, School of Medicine, University of Navarra, Pamplona, Spain
b Department of Pediatrics, Navarra Hospital Complex, Pamplona, Spain
c Navarra Institute for Health Research (IdisNA), Pamplona, Spain
A R T I C L E I N F O

Article History:
Received 6 September 2017
Received in revised form 30 July 2018
Accepted 7 August 2018
* Corresponding author. Tel.: +34 848 422563; F
E-mail address: tduratra@cfnavarra.es (T. Dur�a

https://doi.org/10.1016/j.nut.2018.08.007
0899-9007/© 2018 Published by Elsevier Inc.
A B S T R A C T

Objective: One of the main objectives in the treatment of childhood obesity is to reduce the percentage of
body fat mass without negatively affecting fat-free mass (FFM) and, consequently, longitudinal growth. The
aim of this study was to analyze the changes that take place in body compartments in a group of patients
with obesity under combined treatment.
Methods: This was a longitudinal study with 109 children with obesity 9.1 to 13.9 y of age included in a com-
bined dietary�behavioral�physical activity intervention. Weight, height, skinfold thickness, and waist cir-
cumference were registered, and body mass index (BMI), fat mass index (FMI), FFM and waist-to-height ratio
(WHR) were calculated over a period of 12 mo. The BMI z-score allowed us to establish two groups: obesity
(n = 50) and severe obesity (n = 59). A nutritional improvement was considered when a decrease of BMI z-
score of the initial value occurred after 12 mo of follow-up.
Results: The improvement in nutritional status reached 61.5% (n = 67). In the obesity group with nutritional
improvement (n = 32), FMI significantly decreased (P < 0.005) and there were no significant differences in
weight, height z-score, FFM, and WHR throughout the combined intervention. In the severe obesity group
with nutritional improvement (n = 35), there were no significant differences in weight, height z-score, FMI,
FFM, and WHR throughout combined intervention.
Conclusions: Maintaining a constant weight in the mid- to long term to improve nutritional status would be
adequate in children with infantile�juvenile obesity. However, maintaining a steady weight would not be
sufficient for those patients diagnosed with severe obesity.

© 2018 Published by Elsevier Inc.
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Introduction

The prevalence of childhood obesity has progressively
increased over the past decades, and thus is often considered
the most relevant nutritional disorder [1�4]. Its treatment is
complex and to date has disappointing results. However, when
combined strategies are applied (nutrition education, dietary
changes, increased physical activity, and lifestyle changes),
results are effective [1�6].

One of the main objectives in the treatment of childhood obe-
sity is to reduce the percentage of body fat mass (FM) without neg-
atively affecting fat-free mass (FFM) and, consequently,
longitudinal growth [7�9]. Therefore, it would be necessary to
assess changes in body compartments that may take place during
interventions designed to reduce excess body fat in patients with
obesity.

Dual-energy x-ray absorptiometry (DXA) is considered a ref-
erence technique for the assessment of body composition;
however, the complexity of installation and management and
its high cost make DXA not feasible for daily clinical practice. In
fact, current opinions consider that anthropometric techniques
should have an eminent role in the assessment of body com-
partments owing to their simplicity, low cost, reproducibility,
and excellent correlation between their values and those
obtained using DXA [9�14].

The aim of the present study was to analyze the changes that
take place in body compartments (FM and FFM) using anthro-
pometric techniques in a group of children with obesity under
combined treatment.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nut.2018.08.007&domain=pdf
mailto:tduratra@cfnavarra.es
https://doi.org/10.1016/j.nut.2018.08.007
https://doi.org/10.1016/j.nut.2018.08.007
https://doi.org/10.1016/j.nut.2018.08.007
http://www.ScienceDirect.com
http://www.nutritionjrnl.com


T. Dur�a-Trav�e et al. / Nutrition 59 (2019) 116�120 117
Material and methods

Participants

This was a longitudinal study conducted with 109 children (53 boys and 56
girls, 9.1�13.9 y of age) diagnosed with nutritional obesity who were evaluated in
the external childhood obesity consultation from January 2015 to December 2016.
All the participants and their parents or legal guardians were offered adequate
information, fulfilled informed consent, and were subsequently included in a com-
bined dietary�behavioral�physical activity intervention program. Clinical evalua-
tion was performed every 3 mo over a period of 12 mo. Pubertal stage was
determined in each patient according to Tanner’s criteria. Children in Tanner stage
I were considered prepubertal, and those in Tanner stages II to V were considered
pubertal.

Anthropometric measurements

The following anthropometric measurements were registered in the first con-
sultation and every 3 mo thereafter: weight, height, body mass index (BMI), skin-
fold thickness (biceps, triceps, subscapular,and suprailiac), and waist
circumference (WC).

Weight and height measurements were taken with participants wearing only
undergarments and no shoes or socks. Weight was measured using an A~no-Sayol
scale (reading interval 0�120 kg and a precision of 100 g), and height was mea-
sured using a Holtain wall stadiometer (reading interval 60�210 cm, precision 0.1
cm). BMI was calculated according to the following formula: weight (kg)/height2

(m).
Skinfold thicknesses values were measured to the nearest 0.1 mm on the left

side of the body with Holtain skinfold calipers (CMS Weighing Equipment, Cry-
mych, UK). The percentage of total body fat, FM (kg) and FFM (kg) were calculated
using the equations reported by Siri et al., adjusted for sex and age [15].

Percentage of total body fat Siri equationð Þ ¼ 4:95=body densityð Þ� 4:5½ �
FM kgð Þ ¼ ðpercentage of total body fat�weightÞ=100

FFM kgð Þ ¼ weight� FM

Calculation of body density is as follows:
Boys from 1 to 11 y of age:

1:1690 � ð0:0788� log S skinfold thickness

: biceps; triceps; subscapular and suprailiacÞ
From 12 to 16 y of age:

1:1533 � ð0:0643� log S skinfold thickness

: biceps; triceps; subscapular and suprailiacÞ
Girls from 1 to 11 y of age:

1:2063 � ð0:0999� log S skinfold thickness

: biceps; triceps; subscapular and suprailiacÞ
From 12 to 16 y of age:

1:1369 � ð0:0598� log S skinfold thickness

: biceps; triceps; subscapular and suprailiacÞ
In the same way, the fat mass index (FMI) was calculated using the following

formula: FM (kg)/height2 (m).
WC was registered using a tape measure placed on a horizontal line equidis-

tant from the last rib and the iliac crest, and the waist-to-height ratio (WHR) was
calculated according to the following formula: waist (m)/height2 (m). Measure-
ments were performed by the same trained individual.

The z-score values for the BMI and skinfold thickness, and WC were calculated
with the program Aplicaci�on Nutricional, from the Spanish Society of Pediatric
Gastroenterology, Hepatology and Nutrition (available at http://www.gastroinf.es/
nutritional/). The graphics from Ferr�andez et al. (Centro Andrea Prader, Zaragoza
2002) were used as reference charts [16].

The z-score value for BMI allowed us to establish two groups: obesity (z-score
>2 [97th percentile]) and severe obesity (z-score >3 [99th percentile]).

Combined dietary�behavioral�physical activity intervention

The central idea of the program corresponded with the following maxim: “the
child becomes skinny keeping a stable weight because he/she is growing” and it
included nutritional education, a nutritional intervention, the promotion of physi-
cal activity and healthy lifestyles, and self-monitoring of body weight (weekly reg-
istration of weight).

The acquisition of basic practical and theoretical skills enough to carry self-
monitoring was mandatory to be included in this study. A multidisciplinary
team (pediatrician, nurse, and dietitian) educated the patients and their fami-
lies on nutrition, synchronizing the education, and the first visit. The contents
of these structured sessions (nutritional value of the different food groups, food
pyramid, physical activity, etc.) were personalized according to the characteris-
tics of each patient and family and continuous guidance was provided for all of
them. The program was developed or extended depending on the needs of the
patient in subsequent visits.

The approach to maintaining the actual weight was accomplished by means of
a diversified and well-balanced diet for the whole family without strict restrictions
or immediate or exaggerated weigh loss. The Mediterranean diet, adapted to fam-
ily customs or the preferences of the patients, was the diet model. It was manda-
tory to ensure five daily meals, with the requirement that meal schedules were
respected. The participants were instructed to avoid eating between meals and to
increase the time of intake (eating slowly and chewing the food).

In addition, an individualized scheme to increase physical activity was pro-
posed to each patient and consisted of a daily, regulated (60-min) free-choice
activity (swimming, walking, cycling, martial arts, etc.) and an increase in daily
activity (such as taking the stairs rather than the elevator, walking, helping with
house tasks).

Each family was given a leaflet with general recommendations on usual diet,
physical activity (sports and home activity), and a healthy lifestyle.

A good response to treatment (nutritional improvement) was reported when a
decrease of BMI z-score of the initial value occurred after 12 mo of follow-up; oth-
erwise, it was considered a failure of treatment.

Statistical analysis

Results are displayed as percentages and means with corresponding standard
deviations (SDs). The statistical analysis (descriptive statistics, Student’s t test,
analysis of variance, x2 test, and Pearson’s correlation) was performed using SPSS
version 20 (SPSS, Chicago, IL, USA). Statistical significance was assumed when P <

0.05.
This study was approved by the Ethics Committee for Human Investigation at

our institution (in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and later amendments).

Results

Of the 109 individuals included in this study, 50 (45.9%) suf-
fered from obesity and the remaining 59 (54.1%) from severe obe-
sity. No significant differences in age (obesity group: 11.07 § 1.91
y; severe obesity group: 11.14 § 1.92 y), sex (obesity group: 36%
boys and 64% girls; severe obesity group: 40.7% boys and 59.3%
girls), or pubertal status (obesity group: 28% prepubertal and 72%
pubertal; severe obesity group: 33.9% prepubertal and 66.1%
pubertal) were found between obesity and severe obesity groups
before the dietary�behavioral�physical activity intervention.

Table 1 shows and compares the mean values of anthropomet-
ric characteristics registered between obesity and severe obesity
groups before the combined intervention. Mean values of weight,
BMI, weight z-score, BMI z-score, skinfold thickness (biceps
z-score, triceps z-score, subscapular z-score, and suprailiac
z-score), body fat, FM, FMI, WC z-score, and WHR were signifi-
cantly higher in patients with severe obesity (P < 0.05). There were
no significant differences in mean values of height, height z-score,
and FFM between the two groups.

There was a positive correlation (P < 0.001) between BMI
z-score and FMI (r = 0.714), and between BMI z-score and WHR
(r = 0.650) among the 109 individuals included in this study. In
addition, there was a positive correlation (P < 0.001) between BMI
andWC z-scores (r = 0.709) and between FMI andWHR (r = 0,638).

The improvement in nutritional status (shown as percentage) in
the participants between the beginning and the end of the time of
follow-up (12 mo) was 61.5% (n = 67), and revealed no statistically
significant differences between obesity (n = 32, 62.7%) and severe
obesity (n = 35, 60.3%) groups.

Table 2 shows and compares mean values of anthropometric
characteristics registered at the beginning of the study and after 6
and 12 mo of follow-up in the obesity group with nutritional
improvement. Mean values of weight z-score, BMI z-score, skinfold
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Table 1
Anthropometric characteristics before combined intervention between patients with obesity and severe obesity groups (mean § SD)

Item Obesity (n = 51) Severe obesity (n = 58) Student’s t test (P-value)

Age (y) 11.07 § 1.91 11.14 § 1.92 0.875
Weight (kg) 59.89 § 15.43 74.39 § 19.33 0.001
Height (cm) 149.92 § 13.42 152.11 § 16.04 0.138
BMI (kg/m2) 26.16 § 2.55 31.37 § 4.25 0.003
Weight z-score 2.47 § 0.69 4.34 § 1.42 0.001
Height z-score 0.84 § 1.03 1.16 § 1.20 0.469
BMI z-score 2.45 § 0.23 4.37 § 1.35 0.001
Skinfold thickness
Biceps z-score 3.14 § 1.19 4.26 § 1.57 0.019
Triceps z-score 2.69 § 0.81 3.74 § 1.22 0.008
Subscapular z-score 3.00 § 1.91 4.46 § 1.99 0.017
Suprailiac z-score 4.57 § 1.13 5.34 § 1.39 0.039
Body fat (%) 38.38 § 3.03 43.25 § 1.57 0.019
Fat mass (kg) 23.35 § 6.02 32.18 § 8.48 0.008
Fat-free mass (kg) 37.64 § 9.21 41.73 § 13.00 0.193
FMI (kg/m2) 10.21 § 1.54 13.84 § 1.84 0.017
WC z-score 1.96 § 0.68 3.65 § 1.57 0.001
WHR 0.57 § 0.35 0.64 § 0,05 0.016

BMI, body mass index; FMI, fat mass index; WC, waist circumference; WHR, waist-to-height ratio.

Table 2
Anthropometric characteristics throughout combined intervention in obesity group (n = 32) with nutritional improvement (mean § SD).

Item Baseline 6 mo 12 mo ANOVA (P-value)

Weight (kg) 56.31 § 12.84 57.23 § 12.80 58.71 § 12.13 0.481
Height (cm) 147.22 § 13.24 149.31 § 12.69 152.68 § 12.36 0.289
BMI (kg/m2) 25.55 § 2.53 25.82 § 2.56 25.04 § 2.52 0.333
Weight z-score 2.35 § 0.67 2.13 § 0.77 1.94 § 0.76 0.022
Height z-score 0.77 § 1.05 0.78 § 1.01 0.70 § 1.07 0.612
BMI z-score 2.41 § 0.23 2.11 § 0.42 1.86 § 0.43 0.035
Skinfold thickness
Biceps z-score 3.05 § 1.10 2.37 § 1.44 1.62 § 1.24 0.001
Triceps z-score 2.70 § 0.91 2.14 § 0.98 1.69 § 0.75 0.001
Subscapular z-score 2.84 § 1.91 2.18 § 1.93 1.87 § 1.37 0.001
Suprailiac z-score 4.52 § 1.06 4.28 § 1.03 3.87 § 1.04 0.030
Body fat (%) 38.30 § 2.66 36.12 § 3.39 35.02 § 3.79 0.008
Fat mass (kg) 21.98 § 6.14 20.92 § 6.59 20.61 § 5.70 0.725
Fat free mass (kg) 35.36 § 9.44 36.23 § 8.86 38.09 § 9.07 0.308
FMI (kg/m2) 9.92 § 1.49 9.16 § 1.51 8.79 § 1.46 0.043
WC z-score 1.86 § 0,66 1.86 § 0,66 1.62 § 0,94 0.291
WHR 0.56 § 0,03 0.56 § 0,03 0.55 § 0,03 0.554

ANOVA, analysis of variance; BMI, body mass index; FMI, fat mass index; WC, waist circumference; WHR, waist-to-height ratio.
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thickness (biceps z-score, triceps z-score, subscapular z-score, and
suprailiac z-score), body fat, and FMI significantly decreased
(P < 0.05) during the follow-up period. There were no significant
differences in mean values of weight, height, BMI, height z-score,
FM, FFM, WC z-score, and WHR throughout the combined
intervention.

Table 3 shows and compares mean values of anthropometric
characteristics registered at the beginning and after 6 and 12
mo of follow-up in the severe obesity group with nutritional
improvement. Mean values of BMI z-score, skinfold thickness
(biceps z-score and triceps z-score), and body fat significantly
decreased (P < 0.05) in the follow-up period. There were no
significant differences in mean values of weight, height, BMI,
weight z-score, height z-score, skinfold thickness (subscapular
z-score and suprailiac z-score), FM, FFM, FMI, WC z-score, and
WHR throughout the combined intervention.

Among the 67 participants who experienced improvement in
nutritional status, there was a positive correlation (P < 0.001)
between BMI z-score and FMI (r = 0.830) as well as between BMI z-
score andWHR (r = 0.855). In addition, there was a positive correla-
tion (P < 0.001) between BMI and WC z-scores (r = 0.793) and
between FMI andWHR (r = 0.761).
Discussion

The aphorism “a child becomes skinny keeping a stable weight
because he/she is growing . . .” was the reference of the combined
treatment that individuals followed thorughout the 12 mo of treat-
ment. In the beginning, its implementation should guarantee a pro-
gressive improvement of nutritional status as a maintenance of
weight without negatively interfering on growth would help to
progressively reduce BMI.

The objective was not a rushed weight loss within the shortest
possible time, but rather to get the child and the family to accept
the principles of prevention and the treatment of obesity. Each
patient was educated to follow dietary standards and a healthy life-
style and to incorporate these changes as habits. This not only
applied to the child but also to the family. In order to achieve these
goals, it is necessary to design programs that combine different ele-
ments: nutritional education, dietary changes or restrictions, and
increased physical activity or daily activities. This includes self-con-
trol because it is important to motivate the patient to get good
results [6,17�22].

BMI, even when it does not allow us to define the percentage
composition of the different body compartments, is one of the



Table 3
Anthropometric characteristics throughout combined intervention in severe obesity group (n = 35) with nutritional improvement (mean § SD)

Item Baseline 6 mo 12 mo ANOVA (P-value)

Weight (kg) 68.64 § 19.88 69.37 § 18.29 70.63 § 18.14 0.662
Height (cm) 148.72 § 14.35 150.77 § 14.47 152.70 § 14.77 0.163
BMI (kg/m2) 30.36 § 3.56 30.36 § 3.56 30.17 § 3.44 0.427
Weight z-score 4.14 § 1.42 3.99 § 1.17 3.68 § 1.32 0.505
Height z-score 1.06 § 1.12 1.01 § 0.96 0.98 § 1.02 0.828
BMI z-score 4.43 § 1.49 4.10 § 1.41 3.70 § 1.21 0.029
Skinfold thickness
Biceps z-score 4.27 § 1.67 3.30 § 1.60 2.58 § 1.43 0.001
Triceps z-score 3.64 § 1.30 3.02 § 1.04 2.62 § 1.12 0.001
Subscapular z-score 4.72 § 2.69 4.27 § 2.65 3.68 § 2.69 0.116
Suprailiac z-score 5.61 § 1.61 5.32 § 1.64 5.07 § 1.60 0.166
Body fat (%) 43.09 § 5.43 40.44 § 5,46 38.45 § 6.88 0,008
Fat mass (kg) 28.29 § 7.60 27.67 § 7.59 27.66 § 7.25 0.727
Fat free mass (kg) 41.53 § 11.73 41.79 § 11.43 43.02 § 11.16 0.263
FMI (kg/m2) 12.67 § 2.34 12.09 § 2.52 11.82 § 2.28 0.181
WC z-score 3.57 § 1.62 3.29 § 1.40 3.12 § 1.17 0.727
WHR 0.64 § 0.5 0.63 § 0.04 0.63 § 0.04 0.568

ANOVA, analysis of variance; BMI, body mass index; FMI, fat mass index; WC, waist circumference; WHR, waist-to-height ratio.
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most frequently used anthropometric measurement in the assess-
ment of nutritional status because of its good correlation with the
content of body FM measured by DXA [6,9,23,24]. In this study,
BMI was applied for the classification of the nutritional status of
the children who were included. It is noteworthy that there is a sig-
nificant correlation between the values of the BMI z-score and the
adiposity parameters registered (FMI, WC z-score, and WHR)
before and after the combined treatment.

The assessment of subcutaneous fat by skinfold measurements
allows the monitoring of changes that will potentially take place in
the fat tissue of the different anatomic areas examined, such as
arm subcutaneous fat (bicipital and tricipital skinfold) and trunk
subcutaneous fat (subscapular and suprailiac skinfold), in patients
after interventions designed to reduce excess body fat. The FMI cal-
culated using skinfold measurement shows a good correlation with
total body fat evaluated by DXA [9,12�14]. This is one of the main
arguments as to why these tools have been used in this study to
assess the evolutionary changes in body compartments. In addi-
tion, WC has been registered throughout the combined interven-
tion, owing to the clinical relevance as a visceral fat and metabolic
risk marker in adulthood [25,26]. It should be emphasized that
there are few studies available at present on the application of the
different techniques to monitor changes in body composition dur-
ing the treatment of infant�juvenile obesity (anthropometric indi-
ces, bioelectrical impedance, DXA, etc.). To our knowledge, only a
few studies have used skinfold measurements to analyze this
changes [3,4,22,27,28].

The mean values of weight remained practically stable in
the children with obesity who showed nutritional improvement
throughout the 12 mo of follow-up, although the mean values
of weight z-score—as a consequence of the time elapsed—had
significantly decreased. In the same way, mean values of height
z-score did not present significant changes and, consequently,
the BMI z-score values decreased significantly, therefore getting
to mean values of overweight by the end of the period of fol-
low-up. On the other hand, there was a significant progressive
reduction in the values of FMI without associated changes in
FFM, simultaneous to the decrease in the BMI z-score values.
The mean values of WC—as a sign of visceral fat—between the
beginning and the end of the follow-up did not show any
changes, but it is remarkable that if the weight stabilization
were to be maintained in these patients, a progressive reduc-
tion in visceral fat probably would be observed.
Within the group of patients with severe obesity who presented
with nutritional improvement, mean values for weight z-score—
despite the time elapsed—did not significantly decrease, alhough
the mean values of weight had remained fairly constant through-
out the 12 mo of follow-up. In addition, BMI z-score decreased sig-
nificantly, but remained within values defined by the condition of
severe obesity, although the mean values of height z-score showed
no changes. Furthermore, although these patients did not undergo
a reduction in FMI, they did show a significant decrease in arm sub-
cutaneous fat (bicipital and tricipital skinfolds) without a simulta-
neous reduction in trunk subcutaneous fat (subscapular and
suprailiac skinfolds) or change in FFM. In the same way, there were
no significant changes in mean values of WC in these patients
between the beginning and the end of the follow-up.

Conclusions

It could be considered that maintaining a constant weight in
the medium to long term to improve nutritional status would
be sufficient in individuals with infant�juvenile obesity. This
could help reduce body FM significantly without changing FFM
and, therefore, altering growth. However, keeping a steady
weight would not be enough in patients diagnosed with severe
obesity, so it would be necessary to find different strategies to
ensure a gradual decrease of weight. Monitoring changes in
body composition is mandatory to avoid negative effects in lon-
gitudinal growth in these individuals.

References

[1] Barlow SE, Dietz WH. Management of child and adolescent obesity: summary
and recommendations based on reports from paediatricians, paediatric nurse
practitioners, and registered dieticians. Pediatrics 2002;110:236–8.

[2] Nemet D, Barkan S, Epstein Y, Friedland O, Jkoven G, Aliakim A. Short- and long-
term beneficial effects of a combined dietary�behavioral�physical activity inter-
vention for the treatment of childhood obesity. Pediatrics 2005;115:E443–9.

[3] Kriemler S, Zahner L, Schindler C, Meyer U, Hartmann T, Hebestreit H, et al.
Effect of school based physical activity programme (KISS) on fitness and adi-
posity in primary schoolchildren: cCluster randomised controlled trial. BMJ
2010;340:C785.

[4] De Miguel-Etayo P, Moreno LA, Iglesia I, Bel-Serrat S, Mouratidou T, Garagorri
JM. Body composition changes during interventions to treat overweight and
obesity in children and adolescents; a descriptive review. Nutr Hosp
2013;28:52–62.

[5] Morano M, Rutigliano I, Rago A, Pettoello-Mantovani M, Campanozzi A. A mul-
ticomponent, school-initiated obesity intervention to promote healthy life-
styles in children. Nutrition 2016;32:1075–80.

http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0005


120 T. Dur�a-Trav�e et al. / Nutrition 59 (2019) 116�120
[6] Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH, et al.
Pediatric obesity-assessment, treatment, and prevention: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab 2017;102:1–49.

[7] Moreno LA, Ochoa MC, Warnberg J, Marti A, Martinez JA, Marcos A. Treatment
of obesity in children and adolescents. How nutrition can work? Int J Pediatr
Obes 2008;3(suppl 1):72–7.

[8] Parks EP, Zemel B, Moore RH, Berkowitz RI. Change in body composition dur-
ing a weight loss trial in obese adolescents. Pediatr Obes 2014;9:26–35.

[9] De Miguel-Etayo P, Moreno LA, Santabarbara J, Martín-Matillas M, Piqueras MJ,
Rocha-Silva D, et al. EVASYON Study Group. Anthropometric indices to assess
body-fat changes during a multidisciplinary obesity treatment in adolescents:
EVASYON Study. Clin Nutr 2015;34:523–8.

[10] Ellys KJ. Selected body composition methods can be used in field studies. J Nutr
2001;131:1589–95.

[11] Weyers AM, Mazzetti SA, Love DM, Gomez AL, Kraemer WJ, Volek JS. Compari-
son of methods for assessing body composition changes during weight loss.
Med Sci Sports Exerc 2002;34:497–502.

[12] Elberg J, McDuffie JR, Sebring NG, Salaita C, Keil M, Robotham D, Raynols JC,
Yanovsky JA. Comparison of methods to assess change in children’s body com-
position. Am J Clin Nutr 2004;80:64–9.

[13] Sopher AB, Thornton JC, Wang J, Pierson Jr RN, Heymsfield SB, Horlick M. Mea-
surement of percentage of body fat in 411 children and adolescents: A com-
parison of dual-energy X-ray absorptiometry with a four-compartment model.
Pediatrics 2004;113:1285–90.

[14] Schutz Y, Kyle UU, Pichard C. Fat-free mass index and fat mass index per-
centiles in Caucasians aged 18-98 y. Int J Obes Relat Metab Disord
2002;26:953–60.

[15] Siri WE. Body composition from fluid spaces and density: analysis of methods.
Nutrition 1993;9:480–91.

[16] Ferr�andez A, Baguer L, Labarta JL, Labena C, Mayayo E, Puba B. Longitudinal
pubertad growth according to age at pubertal study of normal Spanish chil-
dren from birth to adulthood. Pediatr Endocr Rev 2005;2:423–559.

[17] Dur�a-Trav�e T. Influence of nutritional education on management of infantile-
juvenile obesity. Nutr Hosp 2006;21:307–12.

[18] Epstein LH, Roemmich JN, Robinson JL, Paluch RA, Winiewicz DD, Fuerch JH,
et al. A randomized trial of the effects of reducing television viewing and
computer use on body mass index in young children. Arch Pediatr Adolesc
Med 2008;162:239–45.

[19] Kelley GA, Kelley KS. Effects of exercise in the treatment of overweight and
obese children and adolescents: a systematic review of meta-analyses. J Obes
2013;2013:783103.

[20] Small L, Lane H, Vaughan L, Melnyk B, McBurnett D. A systematic review of the
evidence: the effects of portion size manipulation with children and portion
education/training interventions on dietary intake with adults. Worldviews
Evid Based Nurs 2013;10:69–81.

[21] Bleich SN, Segal J, WuY, Wilson R, Wang Y. Systematic review of community-
based childhood obesity prevention studies. Pediatrics 2013;132:E201–10.

[22] Rajmil L, Beld J, Clofent R, Cabezas C, Castell C, Espallargues M. Clinical inter-
ventions in overweight and obesity: a systematic literature review 2009-2014.
An Pediatr 2017;87:197–212.

[23] Mei Z, Grummer-Strawn LM, Pietrobelli A, Goulding A, Goran MI, Dietz WH.
Validity of body mass index compared with other body-composition screening
indexes for the assessment of body fatness in children and adolescents. Am J
Clin Nutr 2002;75:978–85.

[24] Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, et al. Diag-
nostic performance of body mass index to identify obesity as defined by body
adiposity in children and adolescents: a systematic review and meta-analysis.
Pediatr Obes 2015;10:234–44.

[25] Taylor RW, Jones IE, Williams SM, Goulding A. Evaluation of waist circumfer-
ence, waist-to-hip ratio, and the conicity index as screening tools for high
trunk fat mass, as measured by dual-energy X-ray absorptiometry, in children
aged 3�19 y. Am J Clin Nutr 2000;72:490–5.

[26] Botton J, Heude B, Kettaneh A, Borys JM, Lommez A, Bresson JL, et al. FLVS
Study Group. Cardiovascular risk factor levels and their relationships with
overweight and fat distribution in children: the Fleurbaix Laventie Ville Sante
II study. Metabolism 2007;56:614–22.

[27] Nemet D, Barkan S, Epstein Y, Friedland O, Kowen G, Eliakim A. Short- and long-
term beneficial effects of a combined dietary-behavioral-physical activity interven-
tion for the treatment of childhood obesity. Pediatrics 2005;115:E443–9.

[28] Magarey AM, Perry RA, Baur LA, Steinbeck KS, Sawyer M, Hills AP, et al. A par-
ent-led family-focused treatment program for overweight children aged 5 to 9
years: the PEACH RCT. Pediatrics 2011;127:214–22.

http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30908-0/sbref0028

	Assessment of body composition changes during a combined intervention for the treatment of childhood obesity
	Introduction
	Material and methods
	Participants
	Anthropometric measurements
	Combined dietary-behavioral-physical activity intervention
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


