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Introduction: The prevalence of overweight and obese children and adolescents is a public health
concern. Few studies have critically evaluated this problem in a Brazilian population, despite the growth
of community-based programs to combat childhood obesity in this country.
Objective: To study the anthropometrics of Brazilian adolescents over a fifteen-year period.
Methods: In a cross-sectional analysis, we investigated the anthropometric status of male and female
adolescents in Brazil. The anthropometric data and nutritional status of 595 schoolchildren in the year
2000 were compared to 636 schoolchildren in 2015.
Results: We found a significant increase in the prevalence of overweight or obese adolescents in 2015
compared to 2000 (23.4% vs. 18.3%, p ¼ .027). A sub-analysis stratified by sex showed that this increase
only occurred in females. No statistically significant difference was observed in body mass index between
the groups. Waist circumference (73.5 cm vs. 77 cm, p < .001) and the prevalence of abdominal obesity
(30% vs. 47.9%, p < .001) were significantly greater in 2015, regardless of sex.
Conclusion: Overweight or obese children, as well as abdominal obesity were more prevalent in 2015
than in preceding decades. This is a worrying trend as abdominal obesity increases the risk for
cardiometabolic morbidity and mortality in adult life.

© 2017 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Over the past several decades, the prevalence of obesity has
increased in epidemic proportions, particularly in developed and
developing countries. Data from the World Health Organization
(WHO) revealed that 1.9 billion adults were overweight in 2014 and
at least 600 million were obese. Given the health risks associated
with obesity, it is estimated that excessive body weight is the un-
derlying cause of approximately 2.8 million deaths per year [1].

Regional data from Brazil points to a similar scenario. Between
2002 and 2009, data from the Brazilian Institute of Geography and
Statistics (IBGE 2009) [2] showed an increase in the prevalence of
overweight or obese adults. Prevalence in males increased to 50.1%
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(from 41.4% in 2002) and prevalence in females increased to 48%
(from 40.9% in 2002). For Brazilian individuals between 10 and 19
years old, the prevalence increased from 20.8% to 27.6% for males
and from 18.1% to 23.4% for females over the same 7-year period.
More recent data from the Brazilian Ministry of Health [3] showed
that 52.5% of Brazilians over 18 years of age are overweight and
17.9% are obese.

Although childhood obesity is associated with poor health
outcomes, 70%e80% of obese adolescents become obese adults.
This can have sustained and negative implications on their future
quality of life and overall life expectancy. Obesity is associated with
many comorbidities, including type 2 diabetes mellitus (DM2),
dyslipidemia, hypertension, cardiovascular disease and cancer and
is the third costliest health condition in the world [4]. In Brazil
alone, costs attributed to obesity-related disabilities were Brazilian
Real billion per year, which is equivalent to 2.4% of the country's
Gross Domestic Product [5].

In the past two decades, the Brazilian government has adopted
public policies to promote healthy eating to combat childhood
obesity, but the effects of these policies are not yet known [6].
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Table 1
Anthropometric and clinical characteristics between groups.a

2000
N ¼ 595

2015
N ¼ 636

P Value

Height, cm 164 (0.1) 166 (0.1) .0003a

Weight, kg 58.8 (13.1) 59.8 (13.0) .151a

BMI, kg/m2 21.6 (4.2) 21.5 (4.2) .822a

WC, cm 73.5 (10.0) 77.0 (10.0) < .001a

Low weight, n (%) 6 (1.0) 22 (3.5) .003c

Overweight, n (%) 61 (10.2) 94 (14.8) .020b

Obese, n (%) 48 (8.0) 55 (8.6) .757c

Overweight or Obese, n (%) 109 (18.3) 149 (23.4) .027b

Abdominal obesity, n (%) 179 (30) 305 (47.9) < .001b

Data expressed as mean (SD), except for prevalence, which is presented as number
of individuals (percentage). BMI: body mass index; WC: waist circumference.

a Analyses of variance (ANOVA).
b Chi-square.
c Fisher test.
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Therefore, the primary purpose of this study was to evaluate body
mass and abdominal obesity of schoolchildren from Marília, Brazil,
over a fifteen-year period. We hypothesized that despite efforts to
promote healthy eating habits and physical activity, excessive body
weight and abdominal obesity would still be more prevalent than
in recent years.

2. Methods

We analyzed cross-sectional anthropometric data of school-
children fromMarília, Brazil, that were collected in 2000 and 2015.
The city of Marília is located in the state of S~ao Paulo, in the
southeastern region of Brazil. It has a human development index of
0.798 and an estimated population of 230 thousand inhabitants
(9976 adolescents enrolled in high school in 2015) [7].

All reasonable efforts were made to identify a sample of
schoolchildren that was representative of the whole population.
Schoolchildren between 12 and 18 years of age of both sexes were
included in this study. Parents or guardians of all children signed
the Free and Informed Consent Form (Termo de Consentimento
Livre e Esclarecid; TCLE) prior to participating in any facet of
this study. Adolescents were excluded if they presented with
debilitating chronic diseases that affected physical function, type 1
diabetes mellitus, physical or mental disability that prevented
participation, systemic conditions that affected general health, or if
they were pregnant.

Anthropometric measurements were performed by trained
evaluators at each time point. Body weight was obtained using a
calibrated digital scale. During the weight acquisition, subjects
stood with their arms at the side of their body, did not wear shoes
and were instructed to wear light clothing. Subjects fasted prior to
the weight assessment. Height was measured using a ruler fixed to
the wall above a smooth floor. All subjects were barefoot during the
height measurement and were instructed to stand in an upright
positionwith their backs to the wall and heels together. Height was
recorded in centimeters. Body mass index (BMI) was calculated
using the conventional formula BMI ¼ weight(kg)/height(m) [2].
Waist circumference (WC) wasmeasured at the end of a non-forced
expiration at the midpoint between the lower edge of the last rib
and the iliac crest. A non-elastic anthropometric tape with an
accuracy of 0.1 cm was used for all WC measurements [8].

Anthropometric status was determined from each BMI using the
WHO criteria for underweight (<3rd percentile), overweight
(�85th to <97th percentile) and obese (�97th), after adjusting for
sex and age [9]. The presence of abdominal obesity was defined
according to the International Diabetes Federation (IDF) criteria for
adolescents aged from 12 to 16 years old (�90th percentile),
adjusted for age and sex. For adolescents older than 16 years, cut-
offs for abdominal obesity were derived from adult IDF criteria
(�80 cm for women and �90 cm for men) [10]. Prevalence as total
numbers and percentages was calculated for those who were
underweight, overweight, obese, overweight or obese, or had
abdominal obesity.

Statistical analyses were performed using StatView 5 software
(SAS Institute Inc., Cary, NC). Analyses of variance (ANOVA) were
used to compare continuous variables of age, height, weight, BMI,
and WC between the 2000 and 2015 samples. Chi-square and
Fisher tests were used to compare dichotomous variables (sex), as
well as proportional variables (prevalence) between the 2000 and
2015 samples. Analyses were conducted for the whole sample, as
well as stratified by sex. For all the variables tested, statistical
significance was pre-defined as p < .05.

This study was authorized by the Municipal Secretary of
Education of Marília and approved by the Committee of Ethics in
Research in Human Beings of the Faculty of Medicine of Marília.
3. Results

A total of 1231 adolescents participated in the study, 595 in
2000 and 636 in 2015. The mean age (15.5 ± 1.1 vs. 15.3 ± 1.1 years),
as well as the sex distribution (male:female ratio, 54.1:45.9 in 2000
vs. 60.7:39.3 in 2015, p ¼ .317) did not differ between the groups.
Height and waist circumference were greater in the 2015 group
(Table 1). There was a significantly greater prevalence of over-
weight individuals (10.2% vs. 14.8%, p ¼ .020) and overweight or
obese individuals (18.3% vs. 23.4%, p ¼ .027) in 2015 compared to
2000. There was also greater prevalence of abdominal obesity
(30.0% vs. 47.9%, p < .001) in the 2015 sample (Table 1).

In a sex-stratified analysis (Table 2), females had greater height,
weight, and WC in 2015 than in 2000. For males, height and WC
were larger in 2015. There was no difference between the 2000 and
2015 groups for prevalence of overweight adolescents or obese
adolescents; however, when overweight and obese individuals were
grouped together there was a significantly larger prevalence for
females in 2015 (25.6%) compared with 2000 (19.2%) (p¼ .043). The
prevalence of abdominal obesity was larger in 2015 than in 2000 for
both males (17.5% vs 33.6%, p < .001) and females (40.6% vs. 57.3%,
p < .001). The 2015 sample also had a greater prevalence of un-
derweight females (1.0% vs. 3.5%, p ¼ .003), but not males (Table 2).

There was a significant positive linear correlation between BMI
and WC in the two samples (p < .0001) (Fig. 1).

4. Discussion

Over afifteen-year period, therewas a significant andmeaningful
increase in the prevalence of overweight and obese schoolchildren
in the city ofMarília, Brazil. The differencewasmost dramatic for the
rates of abdominal obesity, which showed a 60% increase in
prevalence between 2000 and 2015. The result is alarming as it is
well-known that children and adolescents are particularly vulner-
able to deleterious cardiometabolic effects associated with obesity,
including DM2, dyslipidemias, arterial hypertension, non-alcoholic
fatty liver disease and atherosclerosis [11].

Our findings suggest a potential underlying cause for the in-
crease in DM2 among young people aged 10e19 years that has been
reported in the last two decades [12]. Approximately 85% of DM2
cases in this age group are associated with obesity and/or being
overweight [13]. This is particularly concerning as recent studies
have shown that many of these young people present with micro-
and macrovascular dysfunction, which is a significant predictor of
reduced life expectancy [13]. Beyond physiological complications,
childhood obesity is associatedwith psychosocial problems, such as
self-image disorders, attention deficit hyperactivity disorder, social
isolation and discrimination, low self-esteem and depression [14].



Table 2
Anthropometric and clinical characteristics of the students according to sex**.

Male Male

2000
N ¼ 322

2015
N ¼ 386

P-value 2000
N ¼ 273

2015
N ¼ 250

P-value

Height, cm 160 (0.06) 163 (0.06) < .001a 171 (0.08) 173 (0.07) .004a

Weight, kg 55.5 (11.9) 57.8 (12.8) .037a 62.4 (12.6) 63.1 (12.8) .536a

BMI, kg/m2 21.7 (4.7) 21.8 (4.5) .827a 21.4 (3.6) 21.0 (3.6) .299a

WC, cm 72.2 (10.2) 76.2 (10.3) < .001a 74.9 (9.6) 78.2 (9.6) .001a

Low weight, n (%) 3 (0.9) 15 (3.8) .015c 3 (1.1) 7 (2.8) .205c

Overweight, n (%) 36 (11.1) 59 (15.2) .110b 25 (9.1) 35 (14.0) .099b

Obese, n (%) 26 (8.0) 40 (10.3) .297c 22 (8.0) 15 (6.0) .396c

Overweight or Obese, n (%) 62 (19.2) 99 (25.6) .043b 47 (17.2) 50 (20.0) .413b

Abdominal obesity, n (%) 131 (40.6) 221 (57.3) < .001b 48 (17.5) 84 (33.6) < .001b

**Data expressed as mean (SD), except for prevalence, which is presented as number of individuals (percentage). BMI: body mass index; WC: waist circumference.
a Analyses of variance (ANOVA).
b Chi-square.
c Fisher test.
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These conditions have negative implications on quality of life,
socialization and school performance [14].

We observed a significant increase in the prevalence of over-
weight or obese children between 2000 and 2015 (Table 1), even
though obesity rates remained stable. These data are similar to
those reported in other Brazilian studies, inwhich the prevalence of
overweight and obese children and adolescents ranged from 3.8%
to 24% [15]. However, according to IBGE data, these results are
lower than the national average of 47.8% [16]. Our sex-stratified
analysis found that there was a significant increase in the preva-
lence of overweight or obese females, but not males. This differs
from the study by Leal et al. [17], which observed that the preva-
lence of overweight or obese children occurred only in boys when
using a similar study design. One likely explanation for these
divergent findings is the differences in ages of the study samples. In
this study, we included schoolchildren aged 12e18 years, while Leal
et al. [17] evaluated a younger cohort of children aged 7e10 years.
While there are a variety of societal and participatory differences
between these age groups; the younger group may also not have
reached puberty, a time at which hormonal changes can dramati-
cally influence body size and shape. Greater total body fat and
peripheral adiposity in females can be explained by increased
estrogen synthesis during adolescence [18].

Although there was increased prevalence of individuals in the
overweight or obese category, greater mean WC in the 2015 group,
and a strong and positive correlation betweenWC and BMI (Fig.1), we
did not observe a significant difference in BMI between the two
samples. BMI is a useful and practical tool to define obesity, but it is
limited by not considering the distribution or location of fat, nor
does it differentiate lean mass from fat mass [19]. Intra-abdominal
adiposity (visceral fat), in particular, has been associated with
increased insulin resistance,metabolic syndrome, DM2, and increased
risk of cardiovascular morbidity and mortality [20]. Thus, for two in-
dividuals with the same BMI, one may have a higher cardiometabolic
risk, depending on the amount of intra-abdominal fat [21]. Measures
of body mass and fat other than BMI should be considered when
evaluating overall health risk due to excessive adiposity.

The significant increase in the prevalence of underweight
females may have contributed to the fact that mean BMI values did
not differ between the 2000 and 2015 samples. Despite the
reduction of poverty and hunger in the last several decades in
Brazil, there has been a concurrent increase in the frequency of
eating disorders, such as anorexia nervosa and bulimia among
females between the ages of 13 and 18 [22]. A concomitant increase
in prevalence of eating disorders may have negated the larger body
weights of the overweight or obese groups when average values
were examined. This highlights the importance of measuring the
prevalence of different BMI categories, not just mean values, in
cross-sectional and longitudinal studies. In this study, the increase
in the prevalence of underweight females (Table 2) agrees with the
previously reported rates of 0.5%e3% [23].

In the present study, the rate of abdominal obesity more than
doubled to 47.9% (Table 2) by 2015. This high prevalence is com-
parable to other Brazilian studies, in which the frequency of
abdominal obesity in children and adolescents was found to range
from 30.5% to 47.6% [24]. Our study revealed that not only are the
prevalence rates high, but there has also been a significant uptick in
the rates of abdominal obesity over time for adolescents with
similar ethnic characteristics and environmental factors. This sug-
gests that the problem of increased abdominal obesity may be a
systemic problem. Contrary to our findings, Leal et al. [17] did not
find an increase in abdominal obesity in children 7e10 years
between 2002 and 2007, but as previously mentioned, there was a
large difference in the age of the samples between these studies.

In this study, the WC of the adolescents evaluated in 2015
was 4 cm greater than those evaluated in 2000. This is not only
statistically different, but also clinically meaningful. There is a 2%
increase in the risk of future cardiovascular events for every 1 cm
change in WC, so the difference seen in our samples may indicate a
much greater level of risk [25]. Abdominal fat is more metabolically
active than subcutaneous fat and secretes a range of lipoxins that
have deleterious effects on the body, including increasing the
inflammatory response and enhancing insulin resistance [26]. A
recent study of 182 Brazilian children and adolescents found a
significant association between greater abdominal obesity and a
higher risk of elevated blood pressure, dyslipidemia, metabolic
syndrome, and non-alcoholic fatty liver disease [27].

Our results are relevant to public health becausewe compare two
samples of adolescent students exposed to the same socioeconomic
and environmental conditions over a period of 15 years. The first
sample was evaluated in 2000, when data from the Life Standards
Survey [28] showed a progressive increase in the prevalence of
overweight and obesity in Brazilian children and adolescents. This
finding set the stage for public policies aimed at preventing obesity
and its associated complications. Since that time, several govern-
ment programs were implemented to reduce childhood obesity,
including the Healthy School Project (2001), the Ten Steps to Pro-
mote Healthy Eating in Schools (2004), the Promotion of Healthy
Eating (2006), the Health in School Program (2007), the Regulation
of Foods Marketed in School Cafeterias (2007), the National School
Feeding Program (2009), and the Food Advertising and Publicity
Regulation (2010) [29]. Our results suggest that these programsmay
not have had the intended effect in the municipality of Marília. It is
also likely that the failure of these programs may be more systemic



Fig. 1. Relationship between body mass index (BMI) and waist circumference (cm) in sample 2000 (a) and 2015 (b).
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throughout Brazil, since Marília has better infrastructure and
resources when compared to other Brazilian municipalities. Marília
is in the top 50 municipalities with the highest HDI in Brazil [30].

Despite the important implications of this study, it is notwithout
limitations. The cross-sectional design of this study precludes
potential associations of causality, outcome analysis, and prognosis.
The anthropometric measures were obtained by different evalua-
tors at each testing time, but we do not believe this compromised
data quality because all evaluatorswere trained by the same teamat
both time points.We leveraged the limitations against the strengths
of this study, which included representative samples of the target
population who had similar ages and ethnic characteristics, and
were exposed to the same environmental factors at each time
period. We also included anthropometric measures other than BMI.
Using BMI alone may produce biased results that are not reflective
of changes in fat distribution in the body. Including CA allowed for a
more consistent analysis of the body fat distribution of the students.

5. Conclusion

This study shows a worrisome increase in the prevalence of
overweight or obese individuals and abdominal obesity in Brazilian
adolescents over a 15-year period, despite public policies to fight
obesity that were enacted over the same period.
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crônicas por inqu�erito telefônico [Internet]. Brasília: Minist�erio da Saúde; 2014
[citado 12 mar 2016]. Disponível em: http://www.ans.gov.br/images/stories/
Materiais_para_pesquisa/Materiais_por_assunto/2015_vigitel.pdf.

[4] Daniels SR, Arnett DK, Eckel RH, Gidding SS, Hayman LL, Kumanyika S, et al.
Overweight in children and adolescents: pathophysiology, consequences,
prevention, and treatment. Circulation 2005;111(15):1999e2012.

[5] Dobbs R, Sawers C, Thompson F, Manyika J, Woetzel J, Child P, et al.
Overcoming obesity: an initial economic analysis: discussion paper [Internet]
[place unknown]. McKinsey Global Institute; 2014 [cited 2016 jun 23].
Available from:, https://www.google.com.br/url?sa¼t&rct¼j&q¼&esrc¼s&
source¼web&cd¼1&ved¼0ahUKEwig98GAo-HXAhWDFJAKHfCFCPgQFggnM
AA&url¼https%3A%2F%2Fwww.mckinsey.com%2F~%2Fmedia%2FMcKinsey%
2FBusiness%2520Functions%2FEconomic%2520Studies%2520TEMP%2FOur%
2520Insights%2FHow%2520the%2520world%2520could%2520better%2520
fight%2520obesity%2FMGI_Overcoming_obesity_Full_report.ashx&usg¼AOv
Vaw0Bw_K3ZEJsEeHaJzGoGz_U.

[6] Paiva e Freitas LK, Cunha Junior AT, Knackfuss MI, Medeiros HJ. Obesidade em
adolescentes e as políticas públicas de nutriç~ao. Cienc Saúde Coletiva 2014;19:
1755e62.

[7] Instituto Brasileiro de Geografia e Estatística. Infogr�aficos: dados gerais do
município de Marília, SP, Brasil, levantamento 2015 [Internet]. Rio de Janeiro.
2015 [citado 19 jul 2016]. Disponivel em:, http://cidades.ibge.gov.br/painel/
painel.php?codmun¼352900.

[8] Lean MEJ, Han TS, Morrison CE. Waist circumference as a measure for indi-
cating need for weight management. BMJ 1995;311:158e61.

[9] Onis M, Onyang AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development
of a WHO growth reference for school-aged children and adolescents. Bull
World Health Organ 2007;85:660e7.

[10] Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The
metabolic syndrome in children and adolescents: the IDF consensus [Internet].
Brussels: International Diabetes Federation; 2009 [cited 2016Oct 21]. Available
from: http://www.idf.org/webdata/docs/Mets_definition_children.pdf.

[11] Huang J, Gottschalk M, Norman G, Calfas K, Sallis J, Patrick K. Compliance with
behavioral guidelines for diet, physical activity and sedentary behaviors is
related to insulin resistance among overweight and obese youth. BMC Res
Notes 2011;4:29.

[12] Pulgaron ER, Delamater AM. Obesity and type 2 diabetes in children: epide-
miology and treatment. Curr Diab Rep 2014;14(8):508.

[13] Rosenbloom AL, Silverstein JH, Amemiya S, Zeitler P, Klingensmith G. Inter-
national society for pediatric and adolescent diabetes. ISPAD clinical practice
consensus guidelines 2007-2007. Type 2 diabetes mellitus in the child and
adolescent. Pediatr Diabetes 2008;9(5):512e26.

[14] Pulgar�on ER. Childhood obesity: a review of increased risk for physical and
psychological comorbidities. Clin Ther 2013;35(1):A18e32.

[15] Souza MCC, Tibúrcio JD, Bicalho JMF, Renn�o HMS, Dutra JS, Campos LG, et al.
Fatores associados �a obesidade e sobrepeso em escolares. Texto & Contexto
Enferm 2014;23(3):712e9.

[16] Instituto Brasileiro de Geografia e Estatística (IBGE). Pesquisa de orçamentos
familiares 2008-2009: antropometria e estado nutricional de crianças, ado-
lescentes e adultos do Brasil. Rio de Janeiro: IBGE; 2010 [citado 19 ago 2016].
Disponível em: http://www.ibge.gov.br/home/presidencia/noticias/imprensa/
ppts/0000000108.pdf.

[17] Leal DB, Assis MA, Gonz�ales-Chica DA, Costa FF. Trends in adiposity in Bra-
zilian 7-10-year-old schoolchildren: evidence for increasing overweight but
not obesity between 2002 and 2007. Ann Hum Biol 2014;41(3):255e62.

[18] Rogol AD, Roemmich JN, Clark PA. Growth at puberty. J Adolesc Health
2002;31(6 Suppl):192e200.

[19] Roberson LL, Aneni EC, Maziak W, Agatston A, Feldman T, Rouseff M, et al.
Beyond BMI: the "Metabolically healthy obese" phenotype & its association
with clinical/subclinical cardiovascular disease and all-cause mortality e a
systematic review. BMC Public Health 2014;14:14.

[20] He F, Rodriguez-Colon S, Fernandez-Mendoza J, Vgontzas AN, Bixler EO,
Berg A, et al. Abdominal obesity and metabolic syndrome burden in ado-
lescentsepenn state children cohort study. J Clin Densitom 2015;18(1):30e6.

[21] Pereira PF, Serrano HMS, Carvalho GQ, Lamounier JA, Peluzio MCG,
Franceschini SCC, et al. Circunferência da cintura como indicador de gordura
corporal e alteraç~oes metab�olicas em adolescentes: comparaç~ao entre quatro
referências. Rev Ass Med Bras 2010;56(6):665e9.

[22] Sigel E. Eating disorders. Adolesc Med State Art Rev 2008;19(3):547e72.
[23] Campbell K, Peebles R. Eating disorders in children and adolescents: state of

the art review. Pediatrics 2014;134(3):582e92.
[24] Rinaldi AE, Gabriel GF, Moreto F, Corrente JE, McLellan KC, Burini RC. Dietary

factors associated with metabolic syndrome and its components in over-
weight and obese Brazilian school children: a cross-sectional study. Diabetol
Metab Syndr 2016;8(1):58.

[25] Koning L, Merchant AT, Pogue J, Anand SS. Waist circumference and waist-to-
hip ratio as predictors of cardiovascular events: meta-regression analysis of
prospective studies. Eur Eur Heart J 2007;28(7):850e6.

[26] Hermsdorff HHM, Monteiro JBR. Gordura visceral, subcutânea ou intramus-
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