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ABSTRACT
Objective

To evaluate the association between children and adolescents’ body composition with family income.
Methods

Cross-sectional study, participants between 5 and 19 years were included. A standardized questionnaire assessed
socioeconomic variables. The outcome variables were z-score of Body Mass Index and bioimpedance parameters
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(skeletal muscle mass, fat-free mass, and fat percentage) and predictor variables (age, sex, race, place of residence,
father's education, birth weight and breastfeeding) were analyzed using the quantile regression model and data from
the 50th percentile are presented. The tests were bidirectional and the differences were considered significant with
p<0.05.

Results

Among the 529 participants included, 284 (53.6%) were female and the mean age was 11.41+3.9 years. The Body Mass
Index z-score was the only outcome that did not show differences between sexes (p=0.158). In the crude model, lower
family income was associated with lower skeletal muscle mass (Difference=-7.70; 95% Cl -9.32 to -5.89), p<0.001),
lower fat-free mass (Difference= -13.40; 95% Cl -16.40 to -10.39, p<0.001) and the lowest percentage of fat was
associated with lower family income (Difference=-5.01, 95% CI-9.91 to -0.11, p=0.027). The z-score of BMI was not
associated with family income.

Conclusion

Family income is directly associated with lower fat-free mass, fat percentage, and skeletal muscle mass in children and
adolescents.

Keywords: Anthropometry. Body composition. Child. Income.

RESUMO

Objetivo
Avaliar a associacdo entre a composicao corporal de criancas e adolescentes com a renda familiar.
Métodos

Estudo transversal, foram incluidos participantes entre 5 e 19 anos. As varidveis socioeconémicas foram avaliadas por
meio de questionario padronizado. As varidveis de desfecho foram escore Z do indice de massa corporal e pardmetros
de bioimpedancia (massa muscular esquelética, massa livre de gordura e percentual de gordura) e varidveis preditoras
(idade, sexo, raca, local de residéncia, escolaridade do pai, peso ao nascer e aleitamento materno) foram analisados
pelo modelo de regressao quantilica e sdo apresentados os dados do percentil 50. Os testes foram bidirecionais, e as
diferencas foram consideradas significativas com p<0,05.

Resultados

Entre os 529 participantes incluidos, 284 (53,6%) eram do sexo feminino e a média de idade foi de 11,41+3,9 anos.
O escore Z do indice de massa corporal foi o tnico desfecho que ndo apresentou diferencas entre os sexos (p=0, 158).
No modelo bruto, uma menor renda familiar foi associada a menor massa muscular esquelética (Diferenca= -7,70, IC
95% -9,32 a -5,89), p<0,001), menor massa livre de gordura (Diferenca= -13,40; IC 95% -16,40 a -10,39, p<0,001) e
0 menor percentual de gordura associou-se a menor renda familiar (Diferenca= -5,01, IC 95% -9,91 a -0,11, p=0,027).
O escore Z do IMC néo foi associado a renda familiar.

Conclusao

A renda familiar esta diretamente associada a menor massa magra, ao percentual de gordura e a massa muscular
esquelética em criancas e adolescentes.

Palavras-chave: Antropometria. Composicao corporal. Crianca. Renda.

INTRODUCTION

The prevalence of obesity has been increasing significantly worldwide [1,2]. The global burden of
diseases indicates that this prevalence doubled in more than 70 countries from 1980 to 2015. Although the
prevalence of obesity in children is still lower than in adults, the rate of increase in childhood obesity in many
countries has been higher than the rate of increase in obesity in other age groups [3] .

As obesity is becoming a global epidemic, there is a growing interest in measures that assess this
outcome more specifically, such as the measurement of body composition. Body composition monitoring
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in recent years has expanded to other interests besides obesity. It is being also used as an important clinical
marker and quality of life, mainly through the differentiation of fat and lean mass [4].

Body composition is known to be influenced by several determinants such as: weight, height,
race and sex, among other objective measures. Still, the use of only these factors has been questioned
[5,6]. The answer to this question is that body composition can also result from the interaction between
sociodemographic factors, geographical and cultural differences [7]. Among these factors, the size of the
importance of family income as a determinant of body composition is not known, considering that it is
strongly associated with several indispensable criteria for the broad concept of health [8].

Considering the social inequalities and cultural diversity of our population, the study of the
determinants for the body composition of children and adolescents, of different socioeconomic levels; can
provide information for the development of public health policies and health education, in addition to
lifestyle changes. Therefore, the objective of this article was to assess how much the body composition of
children and adolescents is influenced by family income.

METHODS

This is a cross-sectional study that followed the recommendations of the STROBE Statement [9].

A sample of public healthy children and adolescents aged 5 to 19 years was included for convenience
from public schools that agreed to participate in the study. The minimum number of individuals by sex and
age group represented the participants better. Participants who had skin’s diseases affected by electrical
resistance, pregnancy, patients with cardiac pacemakers or cardio defibrillators and amputees or those using
prostheses/orthoses, or chronic diseases were not included in the study. The age group and exclusion criteria
were chosen due to the recommendations of the device used to perform the bio impedance. Data collection
was carried out from November 2015 to August 2017, in the Rio Grande do Sul, considering different
incomes, social classes and geographic locations.

The sociodemographic and clinical variables were answered by children’s responsible with standardized
interviews without a validated questionnaire. The sociodemographic variables considered were: age (5 to
19 years), sex (male and female), self-reported race (white, black and others), place of urban and rural (8),
father’s years of schooling (<5 years, 6-11 years and >12 years) (7) and family income (total household
income mean) classified as: <1,625, 1,625 -4,851 and >4,852 reais [10]. Data on birth weight (<2,500g
and >2,500q) [11] and exclusive breastfeeding in the first six months of life (<6 months and > 6 months)
were considered clinical data. To assess the level of physical activity, children up to ten years old answered
the physical activity questionnaire (DAFA) [12]. Young people in the 11 to 19 age group, young people
answered the International Physical Activity Questionnaire (IPAQ) short version validated by Guedes et al.
[13]. Regarding physical activity, children and adolescents were classified as active and inactive. Active
children: those who do at least 300 minutes of moderate to vigorous physical activity per week [14]. All
questions were closed and performed by trained interviewers.

Body Mass Index (BMI): The BMI was calculated from the definition: weight (kilogram)/height?
(meters) [15]. Body mass was checked with the subject in orthostatic position, with minimal clothing and
barefoot, with a digital scale (Charder model MS6121) previously calibrated with 100 grams of precision.
Height was measured with the subjects barefoot, feet in a parallel position, ankles together, arms along the
body and head in the Frankfurt plane [16], with a portable wall stadiometer (Sanny model ES2040) with
an accuracy of £ Tmm. The measurements were performed three times and the mean value between the
measurements was considered. The BMI z-score value was calculated using the WHO AnthroPlus software.
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Evaluation of body composition through the analysis of electrical bioimpedance (BIE): The equipment
used for the analysis of body composition was the InBodyS10 multi-frequency (100pA (1KHz), 500pA)
through the system of tactile electrodes of eight points. The verification occurred with the individuals in the
supine position, with the members away from the body and with as little clothing as possible. Following
is the definition for the variables considered for assessing of body composition in the present study. The
Fat-Free Mass (FFM) and the Skeletal Muscle Mass (SMM) are presented in absolute values (measured in
kilogram). The Percentage of Body Fat (PBF) was calculated by subtracting the fat-free mass from the body
weight.

Continuous variables were described by mean and standard deviation due to the symmetry of the
variables. Categorical variables were presented using absolute and relative frequency. Sociodemographic
and clinical variables were compared about sex using the t-test for independent samples and Chi-square.

The relationships between the outcome variables (BMI, FFM, SMM and PBF) and the predictor variables
(family income, age, sex, race, place of residence, father’s education, birth weight and breastfeeding) were
analyzed using the regression model quantile and data referring to the 50th percentile are presented. The
tests were bidirectional and the differences were considered significant with p<0.05. All analyzes were
performed using the SAS 9.4 program (SAS Institute, Inc, Cary, North Carolina, United States).

The study was approved by the Research Ethics Committee of the Pontifical Catholic University of
Rio Grande do Sul (CAEE n°® 14338280431680). The guardians consented by signing the informed consent
form and the children signed the consent form.

The sample size was estimated considering a Cohen’s minimum effect size (f?) of 0.15 in a fixed linear
regression model, a power of 90%, an alpha of 1% and the minimum number of thirteen independent
variables associated with the outcome, the minimum number required was 210 participants.

RESULTS

A total of 529 children and adolescents were included, with a mean age of 11.41+3.9 years, of
which 284 (53.6%) were female. Table 1 shows the sociodemographic and clinical characteristics of
sex. There were significant differences between gender in the body composition variables measured by
electrical bioimpedance; that is, the BMI did not show any significant difference between gender. Male
participants had the means of the variables FFM and SMM higher and PBF lower than the means of the
female participants (p<0.001).

Table 2 shows the unadjusted and adjusted analysis for the association between family income and
skeletal muscle mass. In this analysis, the lowest family income is associated with the lowest skeletal muscle
mass in the unadjusted analysis model 1 (Difference = -7.70; 95% Cl -9.32 t0 -5.89, p<0.001) and in model
2 (Difference = -8.65; 95% Cl-11.18 to -6.11, p<0.001).

Table 3 presents the unadjusted and adjusted analysis for the association between family income and

fat-free mass. The lowest family income was inversely associated with FFM in model 1 (Difference = -13.40;
95% CI-16.40 to -10.39) and in model 2 (Difference = -15.10; 95% CI-19.50 to -10.69, p<0.001).

Table 4 shows an unadjusted and adjusted analysis of the association between family income and
body fat percentage. The lowest family income was inversely associated with fat percentage only in model
1 (Difference =-5.01; 95% C1-9.91 t0 -0.11, p=0.027).

Table 5 shows the unadjusted and adjusted analysis for the association between family income and
the z-score of BMI. The z-score of BMI was not associated with the lowest family income.
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Table 1 - Sociodemographic and clinical characteristics of the sample by sex. Rio Grande do Sul (RS), Brazil.

Sex Male (n=245) Female (n=284) p
Age (years), M+SD 11.38+3.77 11.41+£3.91 0.916
Variables n(%) n(%) p
Race, 0.796
Black 29(13.4) 38(15.0)
White 146(67.3) 163(64.4)
Others 42(19.4) 52(20.6)
Family Income, 0.399
R$<1.625.00 60(35.7) 83(40.9)
R$1.625.00 a 4.851.00 65(38.7) 79(38.9)
R$>4.852.00 43(25.6) 41(20.2)
Place of Residency, 0.064
Urban 121(55.3) 116(45.7)
Rural 76(34.7) 98(38.6)
Periphery 22(10.0) 40(15.7)
Parent Scholling, 0.401
<5 years 34(26.8) 40(23.5)
6-11 years 58(45.7) 91(53.5)
>12 years 35(27.6) 39(22.9)
Physical activity, 0.787
Inactive 104(45.8) 121(44.3)
Active 123(54.2) 152(55.7)
Birth weight, 0.68
<2.500g 10(6.7) 15(8.2)
>2.500g 139(93.3) 169(91.8)
Breast-feeding, 0.171
<6 months 73(52.5) 73(44.2)
>6 months 66(47.5) 92(55.8)
Variables M=£SD M=SD p
Body Mass Index (z-score) 0.91+1.40 0.79+1.32 0.158
Skeletal Muscle Mass (Kg) 20.67+9.73 17.44+6.28 <0.001*
Fat-Free Mass (Kg) 37.95+16.12 32.66+10.55 <0.001*
Percentage of Body Fat (%) 19.72+10.55 25.94+9.89 <0.001"

Note: “p<0.05. Means compared using t test for independent samples. Proportions through the test based on Pearson’s y2 statistic.

Table 2 — Association between family income and skeletal muscle mass. Rio Grande do Sul (RS), Brazil.

) Model 1 Model 2 Model 3 Model 4
Family Income
RS) D 95%Cl p D 95%Cl p D 95%C  p D 95%(Cl p
(Kgh?) (Kgi?) (Kg/m?) (Kgim?)

<1.625.00 -7.70  -932to <0.001" -8.65 -11.18  <0.001" 0.30 -170t0  0.768 0.20 -1.65 0.831
-5.89 t0-6.11 2.30 to 2.05

162500t04.851.00 -5.59 -7.83to * -5.60 -843t0  <0.001" 0.50 -1.19t0 0561 048 -126t0 0588
-3.41 -2.76 2.19 222

>4.852.00 Ref Ref Ref Ref

Note: “p<0.05. Model 1: not adjusted (family income); Model 2: model 1 + sex + birth weight + breast-feeding; Model 3: model 2 + age + race +
urbanization + father’s education; Model 4: model 3 + physical activity; Ref: Reference; D: Difference between the estimate of skeletal muscle mass
distribution in relation to income category >4.852.00.
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Table 3 — Association between family income and fat-free mass. Rio Grande do Sul (RS), Brazil.

Model 1 Model 2 Model 3 Model 4
Family Income
RS) D 95%Cl p D 95%Cl| p D 95%Cl  p D 95%Cl p
(Kg/m?) (Kgm? (Kg/m2) (Kg/m?)
<1.625.00 1340 -1640t0  <0001* 41510 -1950t0 <0001 088  245t0 0602 087  -2.14  0.566
-10.39 -10.69 423 to 3.89
16250010485100 996  -1329t0 <0001 930 -1423t0 oot 110 -184t0 0461 127  -165to 0391
-5.87 4.36 404 421
>4.852.00 Ref Ref Ref Ref

Note: "p<0.05. Model 1: not adjusted (family income); Model 2: model 1 + sex + birth weight + breast-feeding; Model 3: model 2 + age + race +
urbanization + father's education; Model 4: model 3 + physical activity; Ref: Reference; D: Difference between the estimate of fat-free mass distribution
in relation to income category >4.852.00.

Table 4 — Association enters family income with the percentage of body fat. Rio Grande do Sul (RS), Brazil.

) Model 1 Model 2 Model 3 Model 4
Family Income
R$) D 95%Cl p D 95%Cl o D 95%Cl o D 95%Cl p
(Kg/m?) (Kg/m?) (Kg/m2) (Kg/m?)

<1.625.00 -5.01 -991to  0.027" -1.59 -543t0 0412 5.15 -2.82to 0203 6.52 -0.78 to  0.080
-0.11 223 13.13 13.84

1.625.00t04.851.00 -2.70 -7.29t0 0.248 1.10 -334t0 0626 4.89 -170t0  0.143 6.29 -0.40to  0.065
1.89 554 1167 12.98

>4.852.00 Ref Ref Ref Ref

Note: “p<0.05. Model 1: not adjusted (family income); Model 2: model 1 + sex + birth weight + breast-feeding; Model 3: model 2 + age + race +
urbanization + father’s education; Model 4: model 3 + physical activity; Ref: Reference; D: Difference between the estimate of percentage of body fat
distribution in relation to income category >4.852.00.

Table 5 — Association between family income and body mass index (z-score). Rio Grande do Sul (RS), Brazil.

Model 1 Model 2 Model 3 Model 4
Family Income
(RS) D 95%Cl  p D 95%Cl  p D 955%Cl  p D 95%CI  p
(Kg/m?) (Kg/m?) (Kg/m2) Kgm?)

<1.625.00 -0.07 -0.56to 0.767 0.01 045 to 0966 0.85 004 to 0.063 0.87 -0.04 0.061
041 047 1.76 to 1.79

1.625.00 10 4.851.00 005 042t 0788 015 033t 0532 0.69 002 to 0050 075 007t0 0028
031 0.65 136 142

>4.852.00 Ref Ref Ref Ref

Note: "p<0.05. Model 1: not adjusted (family income); Model 2: model 1 + birth weight + breast-feeding; Model 3: model 2 + race + urbanization +
father's education; Model 4: model 3 + physical activity; Ref: Reference; D = Difference between the estimate of body mass index (z-score) distribution in
relation to income category >4.852.00.

DISCUSSION

Our study shows a significant association between family income and body composition, mainly
through skeletal muscle mass, percentage of fat, and fat-free mass. Income-related differences raise
questions about body composition and metabolic risk profile [17]. In epidemiological studies of childhood
obesity and body composition, socioeconomic status in the family also includes education of parents and
place of residence, among others [18].

Our results show that lower family income is associated with lower SMM, FFM, and BMI, when
adjusted for birth weight and breastfeeding. Family income was inversely associated with the PBF when
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there were no adjustments, that is, without any relationship with the clinical variables. It is common to
focus on fat mass percentages to express the body composition of children and adolescents, but focusing
on fat mass can lead us to ignore FFM and SMM [19]. When comparing the PBF, among other parameters,
of children with and without growth deficit, we observed that children with growth deficit have significantly
higher body fat, after adjusting for birth weight, breastfeeding, age at the beginning of complementary
feeding and income [20].

Our study found no significant differences between genders for the BMI outcome. This finding agrees
with the literature where the BMI in children may involve some flaws, because it varies homogeneously for
the sexes in the different phases of developing adipose tissue [21]. Although BMI is widely used to assess
body fat, its main disadvantage is that it does not distinguish between the types of tissue analyzed. Thus,
the increase in BMI can result in both an increase in fat mass and or an increase in lean mass. This can lead
to the wrong classification of nutritional status [22].

As a predictor variable, lower family income was associated with lower values of SMM, fat percentage
and FFM. Recent results that assessed body composition and socioeconomic status, among other variables,
showed an association between increased adiposity and lower socioeconomic status, especially in females,
meeting our findings [23]. Corroborating the results of this study, a research that sought to investigate the
dependence on body composition parameters according to the participants’ place of residence, showed
that the walkable neighborhoods are associated with lower obesity prevalence [24].

Parents’ education was considered in another study as an independent factor associated with
the body composition of their children and adolescents, which may interact with parental obesity and
socioeconomic status [25].

Studies reinforce that the beginning of life is a critical window for children’s programming and that
breastfeeding can influence the risk of late disease through the modulation of body composition [26].

This study also has limitations. Due to the study's cross-sectional design, a causal relationship
between body composition and its determinants cannot be defined. Prospective studies with a large
number of participants are essential to assess the impact of determinants of body composition on the
clinical conditions and nutritional status of children and adolescents. Although confounding factors have
occurred and multivariate analyzes adjusted for family income have been carried out, the possibility of
unmeasured confounding factors playing a role in the observed associations cannot be ruled out.

CONCLUSION

Among the clinical applications of the results of this study, family income was directly associated
with lower SMM, and FFM in children and adolescents is translated as a potential marker for the body
composition of populations of social vulnerability. Several factors can explain the associations between
income and body. Among them, people with lower incomes have greater difficulty in accessing leisure
activities and healthy foods than people with high incomes.

Two other results bring interesting questions to clinical practice, the BMI which showed no difference
between sex, making it reflect on its indiscriminate use in clinical practice and the PBF, the most frequently
used body composition parameter, which showed no association in any adjusted model.

Family income is directly associated with lower fat-free mass, fat percentage, and skeletal muscle
mass in children and adolescents. Future studies that evaluate, explore, and compare these and other likely
determinants of body composition will be of paramount importance.
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