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Overweight using different anthropometric indexes

INTRODUCTION

a city in the southern region of Brazil, according to different
criteria for the classification of obesity and different stages
of somatic maturation.

A few decades ago, diet and physical activity patterns underwent major changes in developed and developing countries.
In the 1980s, consumption of processed foods, instant foods
and fast-food-style meals increased considerably.1 In addition, changes in leisure, mobility and work have reduced the
practice of physical activity. Such transformations generated
an “obesogenic” environment and led to major changes in
body composition that culminated in an increase in obesity rates in the United States and Europe.1,2 However, obesity used to be a problem that was exclusive to developed
countries, given that in underdeveloped countries, such as
Brazil, the main problem was malnutrition.3 However, with
the process of urbanization, and as underdeveloped countries have improved their economies, global influences have
transformed the lifestyle of the population of these countries.2 As a result of the globalization process, refined and
ultra-processed foods have become cheaper than organic
foods, causing obesity rates to increase dramatically among
the world population. Thus, the number of overweight people exceeded the number of malnourished people, and obesity has become a pandemic disease.1,2,4
Obesity is a complex disease resulting from the interaction
between genetic propensity and various environmental factors,4
and it is characterized by an individual’s excessive accumulation of body fat. Being overweight is an important risk factor
for several comorbidities, such as cardiovascular disease, some
types of cancer, type 2 diabetes, joint problems, in addition to
psychosocial problems, such as poor quality of life, problems of
social acceptance, depression and suicide.4-7 Obese children and
adolescents are also at increased risk of cardiovascular problems
and metabolic syndrome,8,9 in addition to being more likely to
remain or become obese in adulthood.10
An estimate made in 2012 demonstrated that approximately 1.5 billion people are overweight, and that this number
could reach 3.28 billion in 2030.1 Thus, periodically monitoring the prevalence of obesity is fundamental. There are
several methods for assessing body composition in children
and adolescents. Tools considered to be the gold standard for
assessing body composition, such as dual-energy X-ray absorptiometry and computed tomography, are costly and limited
in epidemiological studies. Body mass index (BMI) is the
most non-invasive and accessible alternative and, therefore,
is most often used. However, other methods, such as waist
circumference (WC), neck circumference (NC) and waistto-height ratio (WHtR), may be more effective in identifying
risk factors related to obesity, such as diabetes, dyslipidemia,
hypertension, among others.11-13 Thus, the aim of this study
was to identify the prevalence of overweight in adolescents in

METHOD
This was a cross-sectional study carried out in ten schools,
geographically distributed in the urban area of Cascavel,
Paraná, southern Brazil. Of the ten schools, six were public and four were private. Sampling was carried out for convenience due to the availability and acceptance of schools
invited to participate in the study. The research was carried
out with 1,715 adolescents, of whom 840 were female and
875 were male. They were aged between 10 and 17 years old.
Sixty-nine adolescents under or older than the age proposed
by the study were not included in the final data analysis.
During the research period, 24,292 students were enrolled
in the public-school system and 4,384 in the private school
system. No sample calculation was performed.
This study was conducted in accordance with the principles present in the Declaration of Helsinki and approved by
the Research Ethics Committee of the Centro Universitário
Fundação Assis Gurgacz - FAG (protocol no. 087/2013).
Consent for data collection was obtained from the parents or
guardians of the 1,715 students. Data were collected between
September 2013 and August 2014 by a trained team, composed of academics from the Physical Education department
at the Centro Universitário FAG.
Weight and height were collected according to the instructions in the Anthropometric Procedures Manual of the National
Health and Nutrition Examination Survey.14 Weight data were
collected with a Tanita digital scale® (Tanita Company, Tokyo,
Japan), on a mass measurement scale presented in kilograms
(kg). Height was assessed with a Seca® wall stadiometer (Seca,
Hamburg, Germany), with a scale from 0 to 200 centimeters (cm).
Nutritional status was classified based on different anthropometric criteria: BMI, WHtR and NC. The variables of weight
and height were inserted in the formula BMI = weight (kg) ÷
height (m2). The BMI categorization was performed according to the cutoff points of the Centers for Disease Control
and Prevention (CDC)15 and the World Health Organization
(WHO).16,17 They are: low weight (1st percentile to 5th percentile), eutrophic (5th percentile to 85th percentile), overweight
(85th percentile to 95th percentile) and obese (above the 95th
percentile). The WHtR was obtained by dividing WC (cm) by
height (cm) and subsequently classified according to the cutoff points established by Cintra et al.18 (overweight: ≥0.443
for girls and ≥0.439 for boys; obesity: ≥0.475 for girls and
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≥0.489 for boys) and Sardinha et al.12 (overweight: ≥0.45
in males and ≥0.46 in females; obesity: ≥0.50 in males and
≥0.52 in females). WC was measured with a tape measure at
the midpoint between the end of the iliac crest and the last rib,
according to the procedures suggested by the CDC,12 and NC,
with a flexible tape measure. The person being assessed stood
and held their head upright, in line with the cricoid cartilage.
NC data were compared by sex and age with the cutoff points
suggested by Nafiu et al.19
The somatic maturation stage was obtained using the peak
height velocity indicator (PHV), using the formula proposed
by Moore et al: 20 PHV = -7.709133 + [0.0042232 x (age x
height)], for females, and PHV = -7.999994 + [(0.0036124
x (age x height)], for males, with height values in centimeters and age in years. The data were classified into three
groups: pre-PHV (-4 to -1), during PHV (-0.99 to 0.99) and
post‑PHV (1 to 4).
To verify the normality of the data, the Kolmogorov-Smirnov
test was applied. The data were not normal. Initially, descriptive statistics were performed to obtain median values and 95%
confidence intervals (95%CI). To compare the results between

females and males, the Mann-Whitney U test was performed.
To verify the difference between the different states of somatic
maturation, the Kruskal-Wallis test was used. To verify the
agreement between the different anthropometric assessment
tools, the Kappa test was used. The level of agreement was
classified as: there is no agreement (<0), minimum agreement
(0–0.2), reasonable agreement (0.21–0.4), moderate agreement (0.41–0.6), substantial agreement (0.61– 0.8) and perfect
agreement (0.81–1). The confidence level adopted was 95%.
Data were analyzed using statistical software Statistical Package
for the Social Sciences (SPSS) IBM® (IBM., Chicago, United
States) version 20.0.

RESULTS
The demographic characteristics of the 1,715 adolescents, separated by sex, are shown in Table 1. In males, 264 boys were in
the pre-PHV stage, 334 were in the PHV stage and 277 were
in the post-PHV stage; in females, 93 girls were in the prePHV stage, 266 were in the PHV stage and 481 were in the
post-PHV stage. In general, for age, weight, height and NC,

Table 1 Demographic and anthropometric characteristics of 1715 (840 girls and 875 boys) adolescent students
aged between 10 and 17 years old in a municipality in the Southern region of Brazil.
Variable

Age

Sex

General
Median (95%CI)

Pre-PHV

During PHV

Post-PHV

p-value¹

Female

13.0 (13.2–13.4)

10.0 (10.1–10.3)

12.0 (11.8–12.1)

15,0 (14,6–14,8)

Male

14.0 (13.3–13.6)

11.0 (11.1–11.3)

14.0 (13.4–13.5)

16,0 (15,5–15,7)

<0,001*(a ≠ b ≠ c)
M/F

p-value2
Weight

<0.001*

Female

51.0 (51.3–52.9)

35.8 (36.4–39.7)

47.0 (46.8–49.3)

55,1 (56,1–58,1)

Male

54.8 (54.9–57.0)

41.0 (42.3–45.1)

54.0 (55.0–57.7)

65,0 (65,6–68,8)

p-value2

Height

<0.001*

Female

158.2
(156.9– 158.0)

143.8
(142.3–144.8)

154.3
(153.6–154.9)

161,0
(161,3–162,4)

Male

164.5
(162.1–163.7)

149.0
(148.0–149.7)

165.0
(164.1–165.7)

174,0
(173,2–174,6)

p-value2
BMI

<0,001*(a ≠ b ≠ c)
M/F

<0.001*

Female

20.3 (20.6–21.1)

17.8 (17.7–19.0)

19.5 (19.6–20.5)

21,0 (21,4–22,0)

Male

19.9 (20.5–21.0)

18.5 (19.0–20.0)

19.7 (20.1–21.0)

21,4 (21,7–22,6)

p-value

<0,001 (a ≠ b ≠ c)
M/F

>0.05

2

NC

<0,001*(a ≠ b ≠ c)
M/F

Female

29.7 (29.3–29.7)

27.0 (26.9–28.0)

29.0 (28.2–29.1)

30.5 (30.2–30.6)

Male

31.5 (31.6–32.1)

29.0 (28.6–29.6)

32.0 (31.7–32.3)

34.0 (33.7–34.5)

p-value2

<0,001*(a ≠ b ≠ c)
M/F

<0.001*

PHV: peak height velocity; 95%CI: 95% confidence interval; BMI: body mass index; NC: neck circumference; M: male; F: female; *significant
difference; 1Kruskal-Wallis test; 2Mann-Whitney U test.
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Table 2 Classification of nutritional status by different
assessment methods and criteria.

boys presented more data and more significant data than girls.
However, the same did not have with regard to BMI. In both
sexes, all variables were significantly greater in the more advanced
stages of PHV compared to pre-PHV (Table 1). Table 2 shows
the classification of nutritional status, based on different methods of anthropometric assessment.
The classification of nutritional status according to growth
maturity is shown in Table 3. In females, 11.1% of the sample was in the pre-PHV stage, 31.7% was in the PHV state
and 57.3% was in the post-PHV stage. Among males, 30.2%
were in the pre-PHV stage, 38.2% were in the PHV stage
and 31.7% were in the post-PHV stage. The group with the
highest prevalence of overweight women was during PHV,
with 33.9% of cases. In males, 42.1% of pre-PHV boys
were overweight.
Table 4 shows the agreement between the different methods of anthropometric assessment. Although there is statistical
significance, the BMI classifications (WHO and CDC) do not
agree with the WHtR classifications (Sardinha and Cintra) or
with the NC. The WHO’s BMI and CDC ratings are substantially in agreement (74.3%), as are the Sardinha and Cintra
WhtR ratings (70.5%). The NC showed reasonable agreement
with the WHtR classifications (27.3 and 21.4%), and did not
show agreement with the BMI classifications.

Sex
Variables

Male
n (%)
Low weight
Eutrophic

BMI WHO
(2007)

Overweight
Obese
Low weight

BMI CDC
(2000)

WHtR
(Sardine)

NC

31 (3.5)

28 (3.3)

542 (61.9)

566 (67.4)

131 (15)

119 (14.2)

171 (19.5)

127(15.1)

32 (3.7)

24 (2.9)

Eutrophic

596 (68.1)

613 (73.1)

Overweight

138 (15.8)

129 (15.4)

Obese

109 (12.5)

73 (8.7)

Eutrophic

673 (76.9)

695 (82.7)

Overweight

123 (14.1)

109 (13.0)

79 (9)

36 (4.3)

Eutrophic

627 (71.7)

641 (76.3)

Overweight

144 (16.5)

94 (11.2)

Obese

WHtR
(Cintra)

Female
n (%)

Obese

104 (11.9)

105 (12.5)

Eutrophic

754 (86.2)

707 (84.2)

Overweight

121 (13.8)

133 (15.8)

BMI: Body Mass Index; WHO: World Health Organization; CDC Centers
for Disease Control and Prevention; WHtR: waist-to-height ratio; NC:
neck circumference.

Table 3 Nutritional classification by stage of growth maturation.
Sex

Classification
Low weight
Eutrophic

Female (n = 840)

Overweight
Obese

Criterion
CDC

Eutrophic
Male (n = 875)

Overweight
Obese
Total

Pre-PHV

During PHV

Post-PHV

Total

4 (4.3)

11 (4.1)

10 (2.1)

25 (3.0)

OMS

3 (3.2)

12 (4.5)

13 (2.7)

28 (3.3)

CDC

65 (69.9)

186 (69.9)

362 (75.3)

613 (73.0)

OMS

61 (65.6)

164 (61.7)

341 (70.9)

566 (67.4)

CDC

13 (14.0)

42 (15.8)

74 (15.4)

129 (15.4)
119 (14.2)

OMS

11 (11.8)

39 (14.7)

69 (14.3)

CDC

11 (11.8)

27 (10.2)

35 (7.3)

73 (8.7)

OMS

18 (19.4)

51 (19.2)

58 (12.1)

127 (15.1)

93 (11.1)

266 (31.7)

481 (57.3)

840 (100.0)

9 (3.4)

13 (3.9)

10 (3.6)

32 (3.7)

Total
Low weight

Growth maturation stage, n (%)

CDC
OMS

8 (3.0)

13 (3.9)

10 (3.6)

31 (3.5)

CDC

165 (62.5)

237 (71.0)

194 (70.0)

596 (68.1)

OMS

145 (54.9)

214 (64.1)

183 (66.1)

542 (61.9)

CDC

47 (17.8)

49 (14.7)

42 (15.2)

138 (15.8)

OMS

39 (14.8)

48 (14.4)

44 (15.9)

131 (15.0)

CDC

43 (16.3)

35 (10.5)

31 (11.2)

109 (12.5)

OMS

72 (27.3)

59 (17.7)

40 (14.4)

171 (19.5)

264 (30.1)

334 (38.2)

277 (31.7)

875 (100.0)

PHV: peak height velocity; CDC: Centers for Disease Control and Prevention; WHO: World Health Organization.
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Table 4 Agreement between the different methods of anthropometric assessment.
Criteria

BMI WHO
Kappa

BMI WHO
BMI CDC

p-value
1

BMI CDC

WHtR (Sardinha)

WHtR (Cintra)

NC

Kappa

p-value

Kappa

p-value

Kappa

p-value

Kappa

p-value

0.743

<0.001

-0.087

<0.001

-0.066

<0,001

-0,070

<0,001

-0.079

<0.001

-0.040

<0.001

-0,073

<0,001

0.705

<0.001

0.273

<0,001

0.214

<0.001

1

WHtR (Sardinha)

1

WHtR (Cintra)

1

NC

1

BMI: Body Mass Index; WHO: World Health Organization; CDC: Centers for Disease Control and Prevention; WHtR: waist-to-height ratio; NC:
neck circumference.

DISCUSSION

males and 37.7% females) and Chile (37.0% boys and 31.6%
girls)24 have higher rates of being overweight in relation to
those in this study.
BMI is the tool that is most used to define overweight
and obesity, both in adults, and in children and adolescents.25
However, despite its popularity and ease of use, its ability to
detect regional obesity and to predict risk factors is weaker than
other tools, such as NC and WHtR.11-13,26,27 The median of the
WHtR presented in this study by adolescents of both sexes was
lower than that found in the studies by Sardinha et al.12 (0.44
for boys and 0.44 for girls) and by Cintra et al.18 (0.45 for boys
and 0.44 for girls). However, the adolescents in this study had
a higher prevalence of being overweight than those in the study
by Cintra et al.18 (20.9% of boys and 18.5% of girls).
It should be noted that another inexpensive, easy to obtain
and reliable method is NC.19,28 The median NC in this study
was similar to the values presented in the study by Nafiu et al.19
(30.9 cm in females and 33.1 cm in males, in adolescents with
low BMI) and de Silva et al.,28 who assessed prepubescent and
pubescent adolescents (30.6 cm in prepubescent girls and
32.6 cm in pubescent girls; and 32.8 cm in prepubescent boys
and 35.4 cm in pubescent boys). Despite tracking a lower percentage of overweight and obesity, NC has a greater capacity to
identify risks of diseases resulting from obesity, such as hypertension,29 dyslipidemia, insulin resistance and other metabolic
complications.30 Its predictive ability is explained by the power
to identify the distribution of body fat. In children and adolescents, the distribution of fat is more harmful to health than just
excess fat.31 NC is a tool that assesses the distribution of subcutaneous fat in the upper body, the region that most secretes
free fatty acids in the systemic circulation.31 Another strength
of NC is its convenience and accuracy. It has good inter- and
intra-rater reliability,32 in addition it does not require children
to remove their clothes. Furthermore NC also does not require
a scale or stadiometer. 30,31

The results found in this study with adolescents from 10 to
17 years of age point out significant differences in the variables weight, height, NC, WC and WHtR between males and
females. The prevalence of being overweight varied according
to the method used and the cutoff point. With the BMI and
the WHtR, the prevalence of being overweight was high in
both sexes. The NC, based on the cutoff points proposed by
Nafiu et al.,19 showed a low prevalence of being overweight.
Adolescence is a stage of life in which major changes in
body composition occur. In this study, this could be seen in
the variables weight, height, BMI and NC, which showed significant differences between the somatic maturation groups.
In males, being overweight was higher in adolescents who had
not yet reached PHV, and in females, overweight and obesity
rates were higher in adolescents during PHV.
The results of this study were similar to other prevalence
studies carried out in Brazil. In the study of cardiovascular
risks in adolescents (ERICA),21 which used the WHO cutoff
points as a criterion, approximately 30.1% of female adolescents in the southern region of Brazil were overweight, while
29.4% of the boys of the same stage were overweight. Another
study carried out in Acre by Farias et al.22 that used the cutoff
points of the CDC, found results similar to this research: 30%
of boys and 24.2% of girls were overweight. The prevalence
of being overweight in adolescents in the city of Fortaleza23
was also similar: 33.7% of boys, of higher social class, and
24.8% of girls. A study by Cintra et al.,18 conducted in the
city of São Paulo, found that 31.6% of boys and 25.4% of
girls were overweight.
In South America, being overweight affects more than 50%
of the adult population.24 The prevalence data among adolescents from countries such as Argentina (29.1% in males and
23.6% in females) and Paraguay (21.3% in boys and 24.3% in
girls)24 were similar to the data in this study. Uruguay (31.2%
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The median age of PHV was 14 years old (95%CI 13.44–
13.59) in males and 12 years old (95%CI 11.87–12.07) in
females. In males, 30.2% of the sample had not yet reached
PHV, compared to 11.1% of females. The data in this study
indicate that being overweight was higher in adolescents, of
both sexes, before their complete somatic maturity. In males,
the prevalence of being overweight was higher in the pre‑PHV
stage (42.1%), and in females, in the stage during PHV
(31.2%). Adolescence is a period of intense changes in body
composition: height, weight, BMI, fat, lean mass and bone
mineral content increase during maturation.33 The higher values of excess body weight before somatic maturation can be
explained by the increase in body mass and the accumulation
of fat necessary for the pubertal spurt to occur.33,34 For this
reason, monitoring body composition during puberty is
extremely important.
Adipose tissue is a major component of body composition
and is directly involved with hormonal interactions. Thus, obesity
is involved with growth and maturation factors during puberty
that affect aspects of metabolic programming, such as energy
expenditure and insulin resistance.33 Furthermore, being overweight is also related to early maturation, including decreasing age at menarche,35 in addition to having a mediating role
in the relationship between biological maturation and metabolic risks.36
The criteria for classification of nutritional status using BMI
(WHO and CDC) showed substantial agreement by the Kappa
test. The same occurred among the WHtR criteria proposed
by Cintra et al.18 and Sardinha et al.12 However, there was no
agreement when different methods were compared.
Undoubtedly, obesity is one of the most serious chronic
diseases that the world has been facing and is identified
a potential cause for the decline in life expectancy in the
21st century.37 Its development in the early ages is known
to be a major problem. WHO member countries, concerned with the risks of increasing the prevalence of obesity, have set a goal to contain the increase in obesity rates
by 2025. 24 Thus, monitoring the prevalence of obesity is
essential for the planning of prevention strategies against
the increase in the rate of overweight adolescents, making

it important that this type of monitoring is carried out
with different tools.
We must mention some limitations in this study and consider them in the interpretation and extrapolation of the results.
Sampling was carried out for convenience and the data were
obtained through a cross-sectional study. Gold standard methods
were not used to assess body composition. Other information,
such as how these adolescents spend their free time, the hours
they spend in front of electronics, their levels of physical activity,
their daily sleep hours, the history of obesity within their family and daily caloric intake, were not analyzed. The data were
collected in a specific region of the country and, therefore, it
is suggested that we compare these results with other regions.
Our research sought to assess the prevalence of being overweight and obese based on different methods of classifying
obesity in adolescents. A high rate of being overweight and
central overweight/obesity was found among adolescents in
the western region of the state of Paraná, pointing to the need
to adopt strategies to change the nutritional habits of this specific population. With that, we suggest conducting further
studies to investigate the association of obesity with risk factors in the region.
The present study concluded that the prevalence of being
overweight was high among adolescents participating in the
research. The percentage of overweight male adolescents was
higher than that of females in most nutritional status classification criteria. Somatic premature adolescents had a higher
prevalence of being overweight. The study suggests that, for
BMI, WHO cutoff points can track a higher percentage of
obese adolescents; among the WHtR, the one with the highest
rates of being overweight was the criterion proposed by Cintra
et al.18 NC has been shown to have less ability to track overweight or obese adolescents.
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