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ABSTRACT
Objective: To evaluate the association between forced expiratory volume in the first 
second (FEV1) and waist-to-hip ratio (WHR) in overweightand obese students. Method: 
A cross-sectional study was conducted to evaluate children and adolescents of both 
sexes (7 to 17 years old) classified according to  body mass index (BMI) in the eutrophic 
(EG), overweight (OWG), and obesity group (OG). The WHR and pulmonary volumes 
were evaluated using digital spirometry. Result: Sample (N=320) with an average age 
of 11.51 ± 2.74 years (EG [n=140]; OWG [n=88]; OG [n=92], with WHR of 0.78 [0.73 
– 0.82] cm, 0.80 [0.76 – 0.83] cm, and 0.85 [0.80-0.89] cm, respectively. There was a 
significant difference in FEV1 between OG (2.20 L) and EG (2.71 L) (p= 0.037), with 
WHR varying between EG (0.78 cm) and OG (0.85 cm) (p<0.001) and between OWG 
(0.80 cm) and OG (0.85) (p<0.001). There was a significant, inverse, and moderate 
correlation between WHR and FEV1 in the EG (p<0.001, r= -0.448) and OWG (p<0.001, 
r= -0.421) whereas in the OG, there was a significant, inverse, and weak correlation 
(p<0.002, r=-0.325). Conclusion: FEV1 was inversely associated with WHR, indicating 
that excess body weight affects lung function.
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RESUMO
Objetivo: Avaliar a associação entre o volume expiratório forçado no primeiro segundo 
da capacidade vital forçada (VEF1) e a relação cintura-quadril (RCQ) de escolares com 
sobrepeso e obesidade. Método: Estudo transversal que avaliou indivíduos de ambos 
os sexos de 7 a 17 anos, alocados de acordo com o índice de massa corporal (IMC) no 
Grupo Eutrófico (GE), Sobrepeso (GS) e Obesidade (GO). A função pulmonar foi avaliada 
por espirometria digital e a RCQ por meio de medida antropométrica. Resultado: 
Amostra (N=320; GE [n=140]; GS [n=88] e GO [n=92]) com média de idade de 11,51±2,74 
anos e com RCQ de 0,78 [0,73 – 0,82] cm, 0,80 [0,76 – 0,83] cm e 0,85 [0,80 – 0,89] cm, 
respectivamente. Houve diferença significativa no VEF1 entre GO (2,20 L) e GE (2,71 L) 
(p= 0,037) e da RCQ entre GE (0,78 cm) e GO (0,85 cm) (p<0,001), bem como entre GS 
(0,80 cm) e GO (0,85 cm) (p<0,001). Houve associação significativa, inversa e moderada 
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INTRODUCTION

Obesity is one of the most prevalent public health 
problems in the world, resulting from excess body fat and 
characterizedby a low-degree inflammatory state that can 
influence lung function1.

Overweight, in turn, is defined as the occurrence of 
a greater than desirable weight ratio for a given height, 
resulting in a body mass index (BMI) in the percentile 
curve between 85% and 95% for the age group2.

Obesity increases the incidence of cardiovascular diseases3, 
metabolic syndromes3, and respiratory dysfunctions4, which 
contribute to higher morbimortality in this population in 
the adult phase.

The waist-to-heel ratio (WHR), in turn, is an anthropo-
metric measure widely used to measure central obesity 
in adults5 and children and adolescents6 with metabolic 
syndromes3. The anthropometric markers of overweight 
or obesity are associated with respiratory dysfunctions 
resulting from changes in respiratory mechanics and can 
cause a reduction in pulmonary volumes and capacities with 
subsequent reduction of exercise capacity and quality of life7.

Adiposity may alter lung function  owing  to low 
thoracic  expansibility, reduced airway radius,  and 
respiratory muscle strength, as well as the inhomogeneity 
of the ventilation/perfusion ratio8.

Excess weight causes accumulation of adipose tissue 
on the chest and abdominal surface, contributing to the 
reduction of residual functional capacity and expiratory 
reserve volume, increasing the risk of limitation 
of expiratory flow and the closure of the airways1.

However, there are inconsistencies in the published 
studies regarding the existence of a causal relationship 
between obesity and lung  function9,10, and  it  is not 
possible to extrapolate the evidence existing in 
adults because children and adolescents are still in the 
process of developing lung function and the configuration 
of the chest wall11.

Given the above, the present study aimed to assess the 
type of association existing between the forced expiratory 
volume in the first second of forced vital capacity (VEF1) and 
the WHR of overweight and obese children and adolescents.

METHODS

This is a cross-sectional study secondary to a research 
project entitled “Correlation between lung volumes and 
performance in the six-minute step test in adolescents with 
normal weight, overweight and obesity”, which evaluated 
children and adolescents of both genders and ages between 
7 and 17 years who were regularly enrolled in municipal 
and state schools in Santa Cruz do Sul in the Rio Grande 
do Sul state of Brazil, from May to November 2016.

The study was approved by the Research Ethics Committee of 
the University of Santa Cruz do Sul (decision nº 1.514.647; 
CAEE nº 52651915.0.0000.5343).  The study protocol 
followed Resolution 466/12 of the Brazilian National Council 
of Health.

Healthy individuals of both sexes (7 and 17 years 
old) duly enrolled in municipal, state, private, urban, and 
rural schools in the municipality of Santa Cruz do Sul were 
included.  Students  with  diabetes  or cancer  and  those 
with  disabilities, orthopedic, or  cognitive problems 
that  made  it impossible to adequately  understand  the 
instructions for performing the tests were excluded.

Individuals were allocated according to BMI into the 
Eutrophic (EG), Obesity (OG), or Overweight Group (OWG).

The sample size calculation considered the first 
10 participants from each group analyzed, with a 
significance level of 5%, statistical power of 95%, and 
coefficient of determination for the correlation between 
FEV1 and WHR (r2) of 0.270 for the EG, 0.056 for OWG, 
and 0.406 for OG, defining a sample of 281 participants. 
A 10% loss was also added, totaling a minimum sample 
size of 310 participants.

Data collection and instruments

The screening of students was carried out in schools 
in the municipality of Santa Cruz do Sul, from which 
authorizations were obtained to carry out data collection. 
Initially, contact was made with the management of 
the aforementioned schools to schedule the research 
team’s visit to screen adolescents who met the research 
inclusion criteria. Identification, height, weight, and BMI 
data were obtained, and anamnesis was carried out with 
the individual or their legal guardian.  To assess body 
weight, an anthropometric scale (Welmy®, model R-110, 
Brazil) was used, with height assessed using a stadiometer 
attached to the scale.

The students remained in the Frankfurt position, with 
the BMI obtained by the ratio between weight/height2 (kg/
m2) and classified according to the percentile curves 
published by the World Health Organization (WHO) 
paired by age and sex, considering overweight, those with 
percentile ≥85 and <97 and obese, those with percentile 
≥9712,13. Ethnicity was classified as caucasian, mixed race, 
and afrodescendant through self-identification, respecting 
the personal perception of the identity of the individual 
or their legal guardian, and also based on specific criteria 
defined by the Brazilian Institute of Geography and 
Statistics (IBGE)14.

Waist circumference (WC) was  measured  using an 
inextensible measuring tape (cm) (Sanny Medical® model SN-
4010, Brazil), which was positioned above the umbilical scar, 
and measurements were obtained at the end of expiration.

entre a RCQ e o VEF1 no GE (p<0,001; r= -0,448) e no GS (p<0,001; 
r= -0,421), enquanto no GO, houve associação significativa, inversa e 
fraca (p<0,002; r= -0,325). Conclusão: Escolares obesos apresentaram 
menor VEF1 em relação aos eutróficos, entretanto, ocorreu associação 
inversa entre tal volume pulmonar e a RCQ independente do peso 
corporal.
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Hip circumference (HC) was measured in the region with 
the largest perimeter between the waist and thigh, and 
WHR was calculated as the ratio of WC to WH15. FEV1 was 
obtained through digital spirometry (MicroLoop MK8® Care 
Fusion, Germany) performed by asking the individual to 
perform maximum inspiration up to total lung capacity 
(TLC), followed by  forced expiration up to the residual 
volume,  which was the  best of three curves obtained 
under the acceptability criteria of the Brazilian Society of 
Pulmonology and Tisiology16 and the American Thoracic 
Society and European Respiratory Society17.  Predicted 
values were expressed as described by Knudson et al.18.

Statistical analysis

Data were expressed as absolute frequencies, means, 
and standard deviations or as medians and interquartile 
ranges, depending on their distribution characteristics.

Intergroup comparisons were performed using 
the Kruskal-Wallis test with Dunn’s post hoc test, and 
associations were measured using the Spearman Correlation 
test (p≤0.05), using the Statistical Package for the Social 
Sciences software (version 23.0).

RESULTS

The sample eligible for the study comprised 
379 schoolchildren, with 10 individuals excluded for 
being underweight, 8 individuals having an orthopedic 
deficit, and 41 individuals who did not comply with the 
study. Thus, the final sample evaluated was composed of 
320 students, stratified according to BMI classification in EG 
(n=140), OWG (n=88), and OG (n= 92) screened in 24 public 
schools and private companies in the municipality of Santa 
Cruz do Sul, RS (Figure 1). Municipal and state schools 
in urban and rural areas, as well as public and private 
schools, were tabulated by region, with the selection of 
schools determined by a random table. Table 1 lists the 
anthropometric characteristics of the analyzed sample.

A difference was evident between groups OG and EG 
(2.20 L vs. 2.71 L; p=0.037) (Figure 2). Regarding WHR, a 
significant difference was observed between EG (0.78 cm) 
and OG (0.85 cm) (p<0.001) and between OWG (0.80 cm) 
and OG (0.85 cm) (p<0.001) (Figure 3).

A significant, inverse, and moderate correlation was 
observed between WHR and FEV1 in the EG (p<0.001, r= 
-0.448) (Figure 4) and in the OWG (p<0.001, r= -0.421), 
whereas in the OG, there was a significant, inverse, and 
weak correlation (p<0.002, r= -0.325) (Figure 4). There 
was no correlation between WC and FEV1.

DISCUSSION

This study evaluated the association between FEV1 
and WHR in overweight and obese schoolchildren and 
showed that FEV1 was inversely correlated with WHR 
in children and adolescents, regardless of body weight. 
Furthermore, obese students had lower FEV1 than normal-
weight students. The sample comprised 60.6% female 

Figure 1. Study participant selection flowchart.

Figure 2. The behavior of the forced expiratory volume in the first 
second of the forced vital capacity curve in the evaluated groups.
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students, with 40% of the participants being overweight 
or obese. Abdelkarim et al.19 emphasize that overweight 
and obesity have been considered by the World Health 
Organization as an important public health challenge. It 
is estimated that around 42.4 to 51.8 million children and 
adolescents (20-25%) are overweight or obese in Latin 
America20. In Brazil, over three decades, the prevalence 
of obesity reached approximately 8.2% of the child and 
adolescent population21. According to the IBGE, one in 
every three Brazilian children aged between 5 and 9 years is 
overweight22. From this perspective, the Food and Nutrition 
Surveillance System (2019) demonstrated that 16.33% of 
children between 5 and 10 years old are overweight and 
9.38% are obese. Regarding adolescents, 18% are overweight 
and 9.53% are obese23. Passos and collaborators24 in a 
study carried out in Pelotas (RS), evaluated 335 children 
between 6 and 10 years old, of both sexes and from private 

schools, and showed that, of the total sample, 49.3% were 
eutrophic, 26% were overweight, 15% were obese and 9.7% 
were severely obese.

The WHR is an anthropometric indicator used to assess 
cardiovascular risk and is useful in detecting central obesity 
in a simple, effective, and low-cost way. Studies recommend 
the use of anthropometric measurements as an appropriate 
assessment method, with the WHR being an indicator of 
good  sensitivity  and reproducibility13,25,26.  The present 
study showed that overweight and obese individuals had a 
WHR of 0.80 and 0.85, respectively, which classifies them 
as having low cardiovascular risk.

Pereira et al.27 evaluated the association between body 
fat measurements and BMI in female adolescents and 
concludedthat the WHR was less sensitive for estimating 
the percentage of body fat (%BF) associated with WC.

Obesity is recognized as a low-grade inflammatory 
state that can influence lung function.  In a systematic 
review developed by Hegewald  et  al.28,  obesity  in 
adults  reduced  lung volumes and capacities  compared 
with normal-weight individuals. Reductions in TLC, FVC, and 
FEV1 were the most representative findings, suggesting the 
presence of arestrictive breathing pattern. In our study, 
an inverse association was observed between FEV1 and 
WHR. Pasic et al.29 evaluated 60 asthmatic children aged 
5–15 years who  were allocated into normal weight, 
overweight, and obesity groups and showed that obesity in 
asthma can increase airflow restrictions with a reduction in 
FEV1 and FVC, concluding that FEV1 in eutrophic asthmatic 
individuals was significantly higher than  that in obese 
asthmatic individuals. Udomittipong et al.30 identified that 
obese children aged 8 to 15 years showed a decrease in 
FEV1 compared with normal-weight children.

Table 1 – Sample characteristics and anthropometric data.

EG OWG OG
p-value

(n=140) (n=88) (n=92)

Male sex (%) 53 (37.9) 38 (43.2) 35 (38) 0.692

Age (years) 12 (10-14) 11 (9-14) 10 (9-12) <0.001a

Ethnicity (%)

Caucasian 113 (73.6) 58 (65.9) 60 (65.2) 0.304

Grizzly 23 (16.4) 22 (25) 23 (25) 0.188

Afrodescendant 14 (10) 8 (9.1) 9 (9.8) 0.974

Body mass (Kg) 44.05 ± 13.48 49.80 ±14.19 58.07 ±17.41 <0.001b

Stature (cm) 1.52 ±0.18 1.48 ±0.13 1.48 ±0.13 0.096

BMI (Kg/m2) 18.35 (17.02-20.30) 21.50 (19.80-24.21) 26.06 (23.80 - 28.42) <0.001c

WC (cm) 62.30 (58-67.65) 68.10 (62-73.30) 77 (72-84) <0.001c

HP (cm) 82 (71.50-89.25) 86 (77-96) 91 (83-99) <0.001c

WHR (cm) 0.78 (0.73-0.82) 0.80 (0.76-0.83) 0.85 (0.80-0.89) <0.001a;b

EG: Eutrophic Group; OWG: Overweight Group; OG: Obesity Group; BMI: body mass index; WC: waist circumference; HP: hip circumference; 
WHR: waist-to-hip ratio. Data expressed as frequency, mean, and standard deviation or median and interquartile range. asignificant difference 
between EG and OG (p<0.05). bsignificant difference between OWG and OG (p<0.05). csignificant difference between the three groups (EG, OWG, 
OG) (p<0.05).

Figure 3. The waist-to-hip ratio in the evaluated groups.
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In this study, there was an inverse and weak correlation 
between FEV1  and WHR (p<0.002; r=-0.325) in the 
OG, which is contrary to the findings of Boran  et  al.31, 
who evaluated 80 obese children and adolescents aged 
between 7 and 15 years,  with no correlation between 
anthropometric measurements and FEV1.  However, 
Ulger  et  al.32, when evaluating the lung function of 
38 children and adolescents with exogenous obesity and 
30 healthy children and adolescents aged between 9 and 
15 years, showed a strong correlation between BMI, WHR, 
and lung volumes (FVC, FEV1, and peak expiratory flow). In 
a study by Satapathy  et  al.33, a significant reduction in 
FEV1 was evidenced in obese and overweight children when 
compared with the control group aged 6 to 14 years, and 
an inverse correlation was also observed between lung 
volumes (FEV1 and FVC) and BMI and WHR.

It should be noted that the present study presented 
some limitations, such as the fact that the outcomes were 
not stratified by the sex of the children and adolescents 
analyzed, since the distribution of fat occurs differently 
between the sexes,being of the gynoid type (accumulation 
of tissue adipose tissue on the buttocks, thighs, and hips) 
in females and the android type (accumulation of adipose 
tissue in the abdomen, waist and trunk) in males34.

Furthermore, the use of WHR in  children  and 
adolescents as an anthropometric measure to assess body 
fat distribution may be interfered with by rapid changes 
in pelvic width due to sexual maturation.

CONCLUSION

Obese students had lower FEV1 compared with normal-
weight individuals, with an inverse association between lung 
volume and WHR independent of body weight classification.

REFERENCES

1.	 Dixon AE, Peters U. The effect of obesity on lung function. 
Expert Rev Respir Med 2018;12(9):755-67. http://doi.org/10
.1080/17476348.2018.1506331. PMid:30056777.

2.	 Grossman DC, Bibbins-Domingo K, Curry SJ, Barry MJ, Davidson 
KW, Doubeni CA, et al. Screening for obesity in children and 
adolescents. JAMA 2017;317(23):2417-26. http://doi.org/10.1001/
jama.2017.6803. PMid:28632874.

3.	 Drozdz D, Alvarez-Pitti J, Wójcik M, Borghi C, Gabbianelli R, 
Mazur A, et al. Obesity and cardiometabolic risk factors: from 
childhood to adulthood. Nutrients 2021;13(11):4176. http://
doi.org/10.3390/nu13114176. PMid:34836431.

4.	 Yang W, Yang Y, Guo Y, Guo J, Ma M, Han B. Obesity and risk 
for respiratory diseases: a Mendelian randomization study. 
Front Endocrinol 2023;14:1197730. http://doi.org/10.3389/
fendo.2023.1197730. PMid:37711902.

5.	 Ahsan M, Ibrahim Q. Measurement of visceral fat, abdominal 
circumference and waist-hip ratio to predict health risk in 
males and females. Pak J Biol Sci 2019;22(4):168-73. http://
doi.org/10.3923/pjbs.2019.168.173. PMid:31930817.

6.	 Jacobs DR Jr, Woo JG, Sinaiko AR, Daniels SR, Ikonen J, Juonala 
M,  et  al. Childhood cardiovascular risk factors and adult 
cardiovascular events. N Engl J Med 2022;386(20):1877-88. 
http://doi.org/10.1056/NEJMoa2109191. PMid:35373933.

Figure 4. Association between forced expiratory volume in the first second of forced vital capacity (FVC) and waist-hip ratio in the 
Eutrophic Group (A), Overweight Group (B), and Obesity Group (C).

https://doi.org/10.1080/17476348.2018.1506331
https://doi.org/10.1080/17476348.2018.1506331
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30056777&dopt=Abstract
https://doi.org/10.1001/jama.2017.6803
https://doi.org/10.1001/jama.2017.6803
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28632874&dopt=Abstract
https://doi.org/10.3390/nu13114176
https://doi.org/10.3390/nu13114176
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34836431&dopt=Abstract
https://doi.org/10.3389/fendo.2023.1197730
https://doi.org/10.3389/fendo.2023.1197730
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37711902&dopt=Abstract
https://doi.org/10.3923/pjbs.2019.168.173
https://doi.org/10.3923/pjbs.2019.168.173
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31930817&dopt=Abstract
https://doi.org/10.1056/NEJMoa2109191
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35373933&dopt=Abstract


6/7

Schuster VE et al.

HSJ. 2024;14:e1553  |  https://doi.org/10.21876/hsjhci.v14.2024.e1553

7.	 Manuel SS, Luis GM. Nutrition, obesity and asthma inception in 
children. The role of lung function. Nutrients 2021;13(11):3837. 
http://doi.org/10.3390/nu13113837. PMid:34836093.

8.	 Tang X, Lei J, Li W, Peng Y, Wang C, Huang K, et al. The relationship 
between BMI and lung function in populations with different 
characteristics: a cross-sectional study based on the enjoying 
breathing program in China. Int J Chron Obstruct Pulmon 
Dis 2022;17:2677-92. http://doi.org/10.2147/COPD.S378247. 
PMid:36281228.

9.	 Liu P, Ye Z, Lu H, Lu J, Huang L, Gong J, et al. Association between 
body mass index (BMI) and vital capacity of college students of 
Zhuang nationality in China: a cross-section study. Oncotarget 
2017;8(46):80923-33. http://doi.org/10.18632/oncotarget.20758. 
PMid:29113355.

10.	Bantulà M, Roca-Ferrer J, Arismendi E, Picado C. Asthma and 
obesity: two diseases on the rise and bridged by inflammation. J 
Clin Med 2021;10(2):169. http://doi.org/10.3390/jcm10020169. 
PMid:33418879.

11.	 Di Cicco M, Kantar A, Masini B, Nuzzi G, Ragazzo V, Peroni D. 
Structural and functional development in airways throughout 
childhood: children are not small adults. Pediatr Pulmonol 
2021;56(1):240-51. http://doi.org/10.1002/ppul.25169. 
PMid:33179415.

12.	WHO: World Health Organization. Growth Reference 5-19 
Years - BMI-for-age (5-19 years) [Internet]. 2007. [cited 2024 
May 20]. Available from: https://www.who.int/tools/growth-
reference-data-for-5to19-years/indicators/bmi-for-age

13.	Freedman DS, Goodwin Davies AJ, Phan TT, Cole FS, Pajor 
N, Rao S, et al. Measuring BMI change among children and 
adolescents. Pediatr Obes. 2022;17(6):e12889. http://doi.
org/10.1111/ijpo.12889. PMid:35064761.

14.	IBGE: Instituto Brasileiro de Geografia e Estatística. Estudos 
e análises. Características étnico-raciais da população: 
classificações e identidades [Internet]. 2013 [cited 2024 May 
20]. Available from: https://biblioteca.ibge.gov.br/visualizacao/
livros/liv63405.pdf

15.	Lind L, Ahmad S, Elmståhl S, Fall T. The metabolic profile 
of waist to hip ratio–A multi-cohort study. PLoS One 
2023;18(2):e0282433. http://doi.org/10.1371/journal.
pone.0282433. PMid:36848351.

16.	SBPT: Sociedade Brasileira de Pneumologia e Tisiologia. 
Espirometria. J Pneumol [Internet]. 2002  [cited 2024 May 
20];28(Supp 3):S1-82. Available from: https://cdn.publisher.
gn1.link/jornaldepneumologia.com.br/pdf/Suple_139_45_11%20
Espirometria.pdf.

17.	 Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, 
Cooper BG, Hall GL, et al. Standardization of spirometry 2019 
update. An Official American Thoracic Society and European 
Respiratory Society Technical Statement. Am J Respir Crit Care 
Med 2019;200(8):e70-88. http://doi.org/10.1164/rccm.201908-
1590ST. PMid:31613151.

18.	Knudson RJ, Lebowitz MD, Holberg CJ, Burrows B. Changes 
in the normal maximal expiratory flow-volume curve with 
growth and aging. Am Rev Respir Dis 1983;127(6):725-34. 
PMid:6859656.

19.	Abdelkarim O, Ammar A, Trabelsi K, Cthourou H, Jekauc D, 
Irandoust K, et al. Prevalence of underweight and overweight and 
its association with physical fitness in egyptian schoolchildren. 
Int J Environ Res Public Health 2019;17(1):75. http://doi.
org/10.3390/ijerph17010075. PMid:31861878.

20.	Torres-González EJ, Zamarripa-Jáuregui RG, Carrillo-Martínez 
JM, Guerrero-Romero F, Martínez-Aguilar G. Prevalence of 

overweight and obesity in school-age children. Gac Med Mex 
2020;156(3):182-6. PMid:32539004.

21.	Ferreira CM, Reis NDD, Castro AO, Höfelmann DA, Kodaira K, Silva 
MT, et al. Prevalence of childhood obesity in Brazil: systematic 
review and meta-analysis. J Pediatr (Rio J) 2021;97(5):490-9. 
http://doi.org/10.1016/j.jped.2020.12.003. PMid:33577757.

22.	IBGE: Instituto Brasileiro de Geografia e Estatística. Pesquisa de 
orçamento familiar 2008-2009: análise do consumo alimentar 
pessoal no Brasil. Rio de Janeiro: IBGE; 2011.

23.	Goiás. Governo do Estado. Secretaria de Estado da Saúde. 
Obesidade infantil desafia pais e gestores [Internet]. 2019 [cited 
2024 May 20]. Available from: https://www.saude.go.gov.br/
noticias/81-obesidade-infantil-desafia-pais-e-gestores

24.	Passos DR, Gigante DP, Maciel FV, Matijasevich A. Comportamento 
alimentar infantil: comparação entre crianças sem e com 
excesso de peso em uma escola do município de Pelotas, RS. 
Rev Paul Pediatr 2015;33(1):42-9. http://doi.org/10.1016/j.
rpped.2014.11.007. PMid:25662562.

25.	Vasquez F, Correa-Burrows P, Blanco E, Gahagan S, Burrows R. 
A waist-to-height ratio of 0.54 is a good predictor of metabolic 
syndrome in 16-year-old male and female adolescents. Pediatr 
Res 2019;85(3):269-74. http://doi.org/10.1038/s41390-018-
0257-8. PMid:30631139.

26.	Woolcott OO, Bergman RN. Relative fat mass as an estimator of 
whole-body fat percentage among children and adolescents: a 
cross-sectional study using NHANES. Sci Rep 2019;9(1):15279. 
http://doi.org/10.1038/s41598-019-51701-z. PMid:31649287.

27.	Pereira PF, Faria FR, Faria ER, Hermsdorff HHM, Peluzio MCG, 
Franceschini SCC,  et  al. Anthropometric indices to identify 
metabolic syndrome and hypertriglyceridemic waist phenotype: 
a comparison between the of adolescence. Rev Paul Pediatr 
2015;33(2):194-203. http://doi.org/10.1016/j.rpped.2014.10.001. 
PMid:25913494.

28.	Hegewald MJ. Impact of obesity on pulmonary function. 
Curr Opin Pulm Med. 2021 Mar 1;27(2):132-40. http://doi.
org/10.1097/MCP.0000000000000754. PMid: 33394747.

29.	Pasic A, Skokic F, Pasic F, Ilic M. The effect of body mass 
index on spirometric parameters in children with asthma. 
Med Arh 2016;70(3):186-90. http://doi.org/10.5455/
medarh.2016.70.186-190. PMid:27594743.

30. Udomittipong K, Thabungkan T, Nimmannit A, Tovichien P, 
Charoensitisup P, Mahoran K. Obesity indices for predicting 
functional fitness in children and adolescents with obesity. 
Front Pediatri. 2021 Dec 15;9:789290. http://doi.org/10.3389/
fped.2021.789290. PMid: 34976898.

31.	Boran P, Tokuc G, Pisgin B, Oktem S, Yegin Z, Bostan O. Impact of 
obesity on ventilatory function. J Pediatr (Rio J) 2007;83(2):171-
6. http://doi.org/10.2223/JPED.1609. PMid:17426872.

32.	Ulger Z, Demir E, Tanaç R, Gökşen D, Gülen F, Darcan S, et al. The 
effect of childhood obesity on respiratory function tests and 
airway hyperresponsiveness. Turk J Pediatr 2006;48(1):43-50. 
PMid:16562785.

33.	Satapathy AK, Das RR, Mahapatro S, Panigrahi MK, Bandopadhaya 
D. Effect of body mass index (BMI) on pulmonary functions in 
children of 6-14 years of age: A cross-sectional study. J Family 
Med Prim Care 2022;11(6):3156-60. http://doi.org/10.4103/
jfmpc.jfmpc_2002_21. PMid:36119276.

34. Ma W, Zhu H, Yu X, Zhai X, Li S, Huang N, et al. Association 
between android fat mass, gynoid fat mass and cardiovascular 
and all-cause mortality in adults: NHANES 2003-2007. 
Front Cardiovasc Med. 2023 May 18;10.1055223. http://doi.
org/10.3389/fcvm.2023.1055223. PMid: 37273879.

https://doi.org/10.3390/nu13113837
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34836093&dopt=Abstract
https://doi.org/10.2147/COPD.S378247
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36281228&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36281228&dopt=Abstract
https://doi.org/10.18632/oncotarget.20758
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29113355&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29113355&dopt=Abstract
https://doi.org/10.3390/jcm10020169
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33418879&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33418879&dopt=Abstract
https://doi.org/10.1002/ppul.25169
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33179415&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33179415&dopt=Abstract
https://doi.org/10.1111/ijpo.12889
https://doi.org/10.1111/ijpo.12889
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35064761&dopt=Abstract
https://doi.org/10.1371/journal.pone.0282433
https://doi.org/10.1371/journal.pone.0282433
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36848351&dopt=Abstract
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1164/rccm.201908-1590ST
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31613151&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6859656&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6859656&dopt=Abstract
https://doi.org/10.3390/ijerph17010075
https://doi.org/10.3390/ijerph17010075
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31861878&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32539004&dopt=Abstract
https://doi.org/10.1016/j.jped.2020.12.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33577757&dopt=Abstract
https://doi.org/10.1016/j.rpped.2014.11.007
https://doi.org/10.1016/j.rpped.2014.11.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25662562&dopt=Abstract
https://doi.org/10.1038/s41390-018-0257-8
https://doi.org/10.1038/s41390-018-0257-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30631139&dopt=Abstract
https://doi.org/10.1038/s41598-019-51701-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31649287&dopt=Abstract
https://doi.org/10.1016/j.rpped.2014.10.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25913494&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25913494&dopt=Abstract
https://doi.org/10.1097/mcp.0000000000000754
https://doi.org/10.5455/medarh.2016.70.186-190
https://doi.org/10.5455/medarh.2016.70.186-190
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27594743&dopt=Abstract
https://doi.org/10.3389/fped.2021.789290
https://doi.org/10.3389/fped.2021.789290
https://doi.org/10.2223/JPED.1609
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17426872&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16562785&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16562785&dopt=Abstract
https://doi.org/10.4103/jfmpc.jfmpc_2002_21
https://doi.org/10.4103/jfmpc.jfmpc_2002_21
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36119276&dopt=Abstract
http://doi.org/10.3389/fcvm.2023.1055223
http://doi.org/10.3389/fcvm.2023.1055223


7/7

Schuster VE et al.

HSJ. 2024;14:e1553  |  https://doi.org/10.21876/hsjhci.v14.2024.e1553

Individual contribution of the authors: 
Study conception and design: VES, DNP 

Data collection: VES, DNP 
Data analysis and interpretation: VES, DMC, DNP 

Manuscript writing: VES, MMS, FRSM, LPV, DRR, BBF, DNP 
Critical review of the text:  DMC, DNP 

Final approval of the manuscript*: VES, MMS, FRSM, LPV, DRR, 
BBF, DMC, DNP 

Statistical analysis: DMC, DNP 
Overall responsibility for the study: VES, MMS, FRSM, LPV, 

DRR, BBF, DMC, DNP 
*All authors read and approved the final version of the 

manuscript submitted for publication in HSJ.


