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Isolated and combined presence of elevated anthropometric 
indices in children: prevalence and sociodemographic correlates

Abstract  This study analyzed the prevalence and 
sociodemographic factors associated to the isolat-
ed and combined presence of elevated anthropo-
metric indices among children. A cross-sectional 
study was performed with 2,035 children (aged 
6-11 years, 50.1% of girls) who were randomly 
selected in schools from Colombo, Brazil. Body 
Mass Index (BMI), Waist Circumference (WC) 
and Waist-to-Height Ratio (WHtR) were clas-
sified using reference values. Age, gender, type of 
school, shift, and residence area were potential 
risk factors. Binary logistic regression was used (p 
< 0.05). The prevalence of children with isolated 
presence of elevated BMI, WHtR or WC was ob-
served in 9.4% (confidence interval [CI] of 95%: 
3.3; 15.7), 8.7% (CI 95%: 1.7; 15.9) and 4.4% 
(CI 95%: 1.0; 7.9), 8.7% of children, respectively. 
The presence of one or more elevated anthropo-
metric index was observed in 16.9% (CI 95%: 5.4; 
28.5) of children. Boys (BMI), younger children 
(WC) and children from public schools (BMI, 
WC or WHtR) were high-risk subgroups to the 
isolated presence of elevated anthropometric indi-
ces. Children from public schools and rural areas 
were high-risk subgroup to the combined presence 
of elevated anthropometric indices. In conclusion, 
Public policies to combat childhood obesity may 
be more effective whether they targeted at children 
from public schools and rural areas. 
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Introduction

Obesity is a serious public health problem, which 
has been recognized since the late 1990s1, but 
obesity rates have grown in various locations, 
specifically in developing countries and young-
er ages2,3. For example, the prevalence rates of 
general obesity exceed 10% among children aged 
5–9 years in Brazil4. Additionally, central obesity 
(excessive fat accumulation in the central region 
of the body) has also grown in children from dif-
ferent countries5,6. 

Different anthropometric indices have been 
used to identify the presence of general (especial-
ly, body mass index [BMI]) or centralized (e.g., 
waist circumference [WC], and waist-to-height 
ratio [WHtR]) obesity1,7,8. BMI is an example of 
an indicator of general obesity that is often used 
in clinical and epidemiological practice due to 
easy application, low cost and good screening 
of cardiovascular risk factors (e.g., high blood 
pressure and hyperglyceridemia) in children1,7. 
WC represents the accumulation of abdominal 
fat and can predict cardiovascular risk as well as 
or even better than BMI8,9. Other studies have 
highlighted that WHtR is an important indica-
tor of central obesity in children, and it increases 
the prediction of cardiovascular risk when com-
bined with BMI classification10,11. Therefore, the 
diagnosis of obesity based on the combination 
of these anthropometric indices can provide a 
more reliable estimate of the cardiovascular risk 
among children9,10. 

Although Brazilian literature often discuss-
es the epidemiology of general obesity among 
adolescents12,13, assessing the presence of central 
obesity in Brazilian children requires more re-
search14. Additionally, epidemiological studies 
with children have used only one anthropomet-
ric index to identify obesity15-17. Therefore, stud-
ies that include children to assess the presence 
of general and central obesity are encouraged. 
Finally, the association between sociodemo-
graphic factors (such as gender, age, living area 
or school system) with the general15,16,18-20 and 
central15,17,18,21-24 obesity in children and adoles-
cents has been researched, but the association 
between sociodemographic factors and the com-
bined presence of general and central obesity is 
unknown. Studies in this direction are important 
for indicating whether there are differences in the 
child subgroups regarding a higher risk of having 

different manifested forms of obesity – general 
or abdominal obesity, or a combination of these 
two. This evidence may help to target public 
strategies to combat childhood obesity.

In this perspective, this study aimed to identi-
fy the isolated and combined presence of elevated 
anthropometric indices (BMI, WC and WHtR), 
and the sociodemographic factors associated 
with these conditions among children of a Bra-
zilian municipality.

Method

Population and sample

This cross-sectional study was conducted in 
the city of Colombo, Parana, southern Brazil, 
which is located in the metropolitan area of Curi-
tiba and has a Human Development Index (HDI, 
2010) of 0.733, which is 73rd in the Parana state. 
In 2010, the city of Colombo had 27,000 children 
regularly enrolled from 1st to 5th grades in pub-
lic and private elementary schools. This was the 
study population. Data collection was conducted 
from March to September 2012.

The following statistical parameters were 
adopted to calculate the sample size: (i) a confi-
dence level of 95%; (ii) a sampling error of three 
percentage points; (iii) a prevalence of the out-
come of interest (at least one indicator of obesi-
ty) of 50.0%, which considers a maximum vari-
ance and overestimates the sample size; and (iv) a 
design effect of 2.025. Based on these parameters, 
the minimum sample size of the study was esti-
mated to be 1,978 children. A margin of about 
20% for possible losses and refusals during data 
collection was added. Therefore, the sample was 
estimated to be 2,400 children.

The local schools were grouped into three 
categories: public schools in urban areas, public 
schools in the countryside and private network 
schools (39, 5 and 16 schools, respectively). Ini-
tially, schools that would participate in the study 
were randomly drawn (sampling unit) using an 
electronic random number generator (http://
www.random.org). This draw was done by strata, 
and the number of schools represented the pro-
portion of children in each stratum. Subsequent-
ly, all children in 1st to 5th-grade classes in ele-
mentary schools, enrolled in schools drawn, were 
invited to participate. Fourteen schools were vis-
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ited (seven from public schools in urban areas, 
two public and five in rural areas of the private 
network), for a total of 138 classes.

Children without informed consent (IC), 
who refused to participate in the study or who 
were outside the age range of interest (6–11 years 
old) were not evaluated or were excluded from 
the final sample.

The estimate of the statistical power of the 
sample was performed a posteriori, considering 
the confidence level of 95% (α = 0.05) and 80% 
power (β = 0.20). With a final sample of 2,035 
teenagers, it was possible to detect statistical sig-
nificance for odds ratios > 1.36 as risk and < 0.64 
as protection for elevated BMI> 1.53 as risk and 
<0.47 as protection for elevated WC, > 1.42 as 
risk and < 0.58 as protection for elevated WHtR, 
and > 1.30 as risk and <0.70 as protection for the 
combination of elevated anthropometric indices. 
In these calculations, we used the prevalence of 
9.2%, 4.2%, 7.7%, and 16.5% for non-exposed 
groups with elevated BMIs, WCs, or WHtRs, and 
the combination of elevated anthropometric in-
dices, respectively.

Instruments and procedures 

Data collection was based on anthropometric 
measures (weight, height and WC). The children 
were initially organized in the reserved room 
for anthropometric assessment. Each child was 
assessed individually, aiming to minimize con-
straints. All measurements were performed by 
a single experienced evaluator. Two scholars of 
Physical Education assisted in recording the an-
thropometric data.

The materials used in this study were: a tape 
measure (scale of 0.1 cm, Easyread® brand and 
Cateb model) fixed on a flat wall with no base-
board to determine height; a digital scale (resolu-
tion of 100 g and capacity of 150 kg, Wiso® model 
and W903 brand) to measure body mass; and a 
metal tape (scale of 0.1 cm, Cescorf® brand) to 
measure WC. Height and body mass were mea-
sured according to standards proposed by Gor-
don et al.26. Height was measured without shoes, 
heels together and head oriented to the Frankfurt 
plane. 

To determine body mass, the children were 
evaluated in a standing position, without shoes 
and wearing their Physical Education uniform. 
Body mass and height were used to calculate 

BMI (kg/m²). The z-score of BMI for children, 
specific for gender and age, was calculated us-
ing the World Health Organization’s ANTHRO 
Plus program (Centers for Disease Control and 
Prevention, Atlanta, USA). Children with BMI 
z-score values equal to or greater than two were 
considered to have elevated BMIs7.

WC was measured with the children stand-
ing, with a relaxed abdomen, arms lateral along 
the body, and body weight distributed equally on 
both legs. The tape was placed horizontally at the 
midpoint between the lower border of the last rib 
and the iliac crest27. Two measurements were ob-
tained from each child and the average of the two 
was calculated (intraclass correlation coefficient 
= 0.99). Subsequently, WC was classified accord-
ing to specific cutoff points for gender and age, 
as proposed by Fernández et al.28. The 90th per-
centile for age and gender determined elevated 
WC28. Finally, WHtR was obtained by calculating 
the ratio of WC and height8. WHtR less than 0.50 
was considered elevated10.

The isolated presence of elevated anthropo-
metric indices was analyzed considering BMI, 
WC, and WHtR separately. To analyze the com-
bined presence of elevated anthropometric in-
dices, a new variable was created to record the 
amount of elevated anthropometric indices of 
each child (none, one, two or three). In explor-
atory analyses, the outcome was analyzed as 
whether or not there was at least one elevated an-
thropometric index (BMI, WC, and/or WHtR).

Age was calculated as the difference between 
the date of birth and date of collection. During 
the analysis of the explanatory variables, children 
were grouped into three age groups: 6–7, 8–9 and 
10–11 years. The variables gender (male and fe-
male), school system (public or private), study 
shift (morning or afternoon), grades (1st, 2nd, 
3rd, 4th or 5th) and living area (urban or rural) 
were determined according with the information 
passed on by the school administration and the 
school.

Data analysis

Descriptive statistics were used to present the 
data based on means and standard deviations 
for continuous variables, and absolute and rel-
ative frequencies for categorical variables. The 
Kolmogorov-Smirnov test was used to check the 
distribution of continuous data (age and anthro-
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pometric variables). Student’s t-test for indepen-
dent samples was used to compare continuous 
variables between genders. The chi-square test 
for heterogeneity or linear trends, as appropriate, 
was used to identify possible discrepancies be-
tween genders in the distribution of categorical 
variables (age, type of school, turn series, housing 
zone). The 95% confidence interval (95% CI) was 
calculated for the isolated (BMI, WC and WHtR 
analyzed separately) and combined (pooled BMI 
classification, WC and WHtR) prevalence of high 
anthropometric indices, separately by gender.

Crude and adjusted logistic regression mod-
els were used to identify factors associated (gen-
der, age, school system, shift, number, and hous-
ing zone) with the isolated or combined presence 
of elevated anthropometric indices among chil-
dren. The crude and adjusted odds ratios, as well 
as their respective 95% Cis, were calculated. All 
variables were entered simultaneously in a mul-
tivariate regression model, independent of the 
p-value of the crude analysis. The level of signif-
icance was set at 5% (p < 0.05) for the final anal-
ysis. Statistical procedures for complex samples 
were included in all analyses by adding the prefix 
“svyset” to ponder stratum, conglomerates and 
sample weights using the software STATA version 
11 (Stata Corp., College Station, TX, USA).

Ethical aspects 

The study was approved by the Ethics Com-
mittee of the Federal University of Parana, fol-
lowing the norms of the National Health Council 
(Resolution 196/96). All children received per-
mission from parents/guardians to participate in 
the study.

Results

The selection process resulted in 2,750 children 
who were invited to participate in this study. Of 
these, 20.0% did not return the informed con-
sent form signed by parents/guardians and 6% 
refused to participate in the study. A child was 
excluded from the final sample because he was 
15 years old. There was no sample loss due to in-
complete data. Thus, the final sample consisted 
of 2,035 children (1,016 boys and 1,019 girls). 
The proportion of the population represented by 
this sample was 11.6%, 12.2%, 11.3%, 14.9% and 

13.3% for children from 1st, 2nd, 3rd, 4th, and 
5th grades, respectively. The average age was 8.87 
years, with a standard deviation of 1.35 years.

Most children were from 1st and 2nd grades 
(21.4% and 22.3%, respectively), were enrolled 
in classes in the morning period (55.4%) and 
attended public (63.3%) schools. Additionally, 
98.0% of children were studying in schools in the 
urban area. There were no significant differenc-
es between genders for the descriptive variables 
studied (p > 0.05, Table 1).

Figures 1A and 1B show the prevalence and 
95% isolated and combined presence of elevated 
anthropometric indices between boys and girls. 
The prevalence of these indices was similarly 
present between genders (there was an overlap of 
95% CIs). The elevated BMI was present in 9.4% 
(95% CI: 3.3, 15.7) of children. The elevated 
WHtR was observed in 8.7% (95% CI: 1.7, 15.9) 
of children, while 4.4% (95% CI: 1.0, 7.9) had el-
evated WCs.

The presence of at least one elevated anthro-
pometric index (BMI, WC, and/or WHtR com-
bined) was observed in 16.9% (95% CI: 5.4, 28.5) 
of children. However, the accumulation of two or 
three elevated anthropometric indices was less 
than 5% in both boys and girls (Figure 1B).

In the crude analysis, gender and school sys-
tem were associated with elevated BMI among 
children. The odds ratios remained significant 
after adjusting for other independent variables 
(p < 0.05). After adjusting for confounders, girls 
and children from private schools had lower 
odds ratios for having elevated BMIs (Table 2).

The age group and the school system were 
factors associated with elevated WC among chil-
dren, both in crude and adjusted analyses. Eight 
and nine-year-olds had lower odds ratios for 
having elevated WCs when compared to children 
aged six and seven years. Children from private 
schools had a lower odds ratio for having ele-
vated WCs in comparison with their peers from 
public schools (Table 3).

The age group and the school system were as-
sociated with elevated WHtRs in the crude anal-
ysis. In the adjusted analysis, only the school sys-
tem remained associated with high WHtRs. Chil-
dren from private school had a 90% lower odds 
ratio for having elevated WHtRs in comparison 
to their peers from public schools (Table 3).

Considering the presence of at least one el-
evated anthropometric index (BMI, WC, and/
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or WHtR combined), the crude and adjusted 
analyses showed that school system and resi-
dence area were significantly associated with the 
combined presence of elevated anthropometric 
indices (p<0.05). Private school children had a 
lower odds ratio for the combined presence of el-
evated anthropometric indices. In contrast, rural 
children had a higher odds ratio for having the 
combined presence of elevated anthropometric 
indices in comparison to their peers from urban 
areas (Table 4).

Discussion

This study identified the prevalence of isolated 
anthropometric indices in around 10% of chil-
dren in Colombo, Brazil. These were lower prev-
alence rates in comparison to those found in oth-
er pediatric populations when considering the 
isolated presence of elevated BMI4,15,16,18 (ranging 
from 19.2%15 to 32.0%4), WC17,18,21 (ranging from 
10.9%21 to 30%17), or WHtR15-18,21 (ranging from 
11.9%16 to 18.3%21). This evidence indicated 
that, while the isolated presence of some elevat-

p-value

0.66*

0.85*

0.37*

0.40*

0.42*

0.13*

0.67***

0.41***

0.26**

0.12**

0.85**

Variables

Continuous variables, Mean (SD)
Age (years)
Body weight (kg)
Height (cm)
BMIC (kg/m²)
WC (cm)
WHtR

Categorical variables, n (%)
Age groups (years)

6
7
8
9
10
11

Grade
1st 
2nd
3rd 
4th 
5th 

Study shift 
Morning
Afternoon

School system
Private
Public

School area
Rural
Urban

All 
(n = 2,035)

8.87 (1.35)
29.65 (7.88)

131.23 (12.59)
17.05 (2.95)
57.00 (6.88)

0.44 (0.05)

174 (8.6)
442 (21.7)
469 (23.0)
453 (23.3)
371 (18.2)

126 (6.2)

435 (21.4)
454 (22.3)
405 (19.9)
391 (19.2)
350 (17.2)

1,128 (55.4)
907 (44.6)

746 (36.7)
1289 (63.3)

41 (2.0)
1,994 (98.0)

Table 1. Characteristics of the sample. Colombo, Parana, Brazil (2012

Boys 
(n = 1,016)

8.86 (1.35)
29.61 (7.92)

131.49 (13.35)
16.99 (2.97)
56.88 (6.98)

0.43 (0.05)

85 (8.3)
228 (22.3)
241 (23.6)
221 (21.6)
184 (18.0)

63 (6.2)

226 (22.1)
222 (21.7)
207 (20.3)
203 (19.9)
164 (16.0)

554 (54.2)
468 (45.8)

358 (35.0)
664 (65.0)

20 (2.0)
1,002 (98.0)

Girls 
(n = 1,019)

8.89 (1.34)
29.68 (7.85)

130.99 (11.79)
17.10 (2.92)
57.13 (6.77)

0.44 (0.05)

89 (8.8)
214 (21.1)
228 (22.5)
232 (32.9)
187 (18.5)

63 (6.2)

209 (20.6)
232 (22.9)
198 (19.5)
188 (18.6)
186 (18.4)

574 (56.7)
439 (43.3)

388 (38.3)
625 (61.7)

21 (2.1)
992 (97.9)

* P-values obtained using the t-test for independent samples. ** P-values obtained using the Chi-square test for heterogeneity. 
*** P-values obtained using the Chi-square test for linear trends. Age groups were defined as follows: 6.00-6.99 = 6 years;                    
7.00-7.99= 7 years; 8.00-8.99 = 8 years; 9.00-9.99 = 9 years; 10.00-10.99 = 10 years; and 11.00-11.99 = 11 years. BMI: body mass 
index; WC: waist circumference; WHtR: waist-to-height ratio. SD: standard deviation.
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ed anthropometric indices (especially BMI and 
WHtR) was worrisome in children of Colombo, 
their estimates were lower than the prevalence 
rates found in other locations.

The literature has shown that prevalence 
rates of general or central obesity could vary ac-
cording to location/region2,4, which might partly 
explain the differences between the studies. Mul-
tifactorial issues (genetic, social, behavioral, and/
or economic) may also contribute to the differ-
ence in obesity estimates between populations29. 

Also, the use of different classification criteria 
may explain such distinctions. Barbosa Filho et 
al.30 found that the use of different BMI classi-
fication criteria could double the prevalence of 
obesity in the same sample. Additionally, Moraes 
et al.31 observed the use of 18 different criteria for 
WC classification in studies on central obesity, 
which makes understanding the real distinctions 
of this condition among child populations dif-
ficult. Finally, the studies included different age 
groups (which implies different stages of life) 
and adopted different sampling procedures that 
made it impracticable to accurately compare the 
prevalence rates of elevated anthropometric in-
dices between studies.

The presence of at least one elevated anthro-
pometric indices (BMI, WC, and/or WHtR) was 
observed in 16.9% of children. Studies with simi-
lar estimates are rare and focused only on adoles-
cents18 or only on the combined presence of WC 
and high WHtR21. This made the comparison 
impracticable.

The overall and central obesity represent-
ed a risk to the children’s health9-11, especially 
when they were combined. Janssen et al.9 showed 
that the combination of elevated WC and BMI 
improved the prediction of cardiovascular risk 
factors in children, such as high blood pressure, 
hyperglyceridemia and hypercholesterolemia. 
Mokha et al.10 showed that WHtR detected not 
only cardiovascular risk among children with 
normal weight, but pointed to the lack of risk 
among those with overweight and obesity. Al-
though the estimate of children with general and 
central obesity combined was low (less than 5%, 
see Figure 1B), combining BMI, WHtR and CC 
was important to indicate more precisely the pro-
portion of children with health risks through the 
different manifestations of obesity. Boys were a 
subgroup associated with high BMI in this study. 
Systematic reviews indicated that the direction 
of the association between gender and general 
obesity (elevated BMI) might vary between stud-
ies12,13. These differences might be due to behav-
ioral and sociocultural variations between coun-
tries/regions, so that children of a specific gender 
adopted some behaviors that were obesogenic, 
which might not have happened in other places3. 
However, these differences between boys and girls 
were not reflected when centralized obesity indi-
ces (WC and WHtR) were evaluated, as observed 
in this study. Therefore, more studies are needed 
to identify the behavioral and socio-cultural me-
diators of the relationship between gender and 
general and central obesity. Also, the distinctions 

Figure 1. Prevalence and confidence interval of 95% 
of the isolated (A) and combined (B) presence of 
elevated BMI, WC, and/or WHtR among boys and 
girls. Colombo, Parana, Brazil (2012).

BMI: body mass index; WC: waist circumference; WHtR: 
waist-to-height ratio.
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between countries/regions should be considered 
in the implementation of gender-specific strate-
gies to combat childhood obesity.

Age was inversely associated with the isolated 
presence of elevated WC. The higher presence of 
abdominal obesity common in younger children 
was also found in a study of Chinese children17. 
This result concerned the fact that the assess-
ment of central obesity at younger ages has not 
been sufficiently considered in clinical and epi-
demiological practice, often due to the difficul-
ty of knowing which reference values were used 
for the diagnosis29. Therefore, these results sup-
ported the early anthropometric monitoring for 
centralized obesity identification, both in clinical 
and public health practices.

In this study, children from public schools 
were a subgroup associated with elevated anthro-
pometric indices – general (BMI) and central 
(WC and WHtR) obesity, as well as the accumu-
lation of elevated anthropometric indices. This 
result differed from another study that showed 
an increased risk of general and central obesity 
in children from private schools20. Another wor-
rying result was the largest combined presence 
of elevated anthropometric indices in rural chil-

dren. This finding was similar to that observed in 
a study of Iranian19 and South African24 children, 
although other studies indicated a higher preva-
lence of general4,20 and central20 obesity in urban 
areas.

General2 and central31 obesity emerged in the 
poorest populations of children and developing 
countries, as confirmed in the above results. In 
families that lived in rural areas and had low fi-
nancial conditions (and enrolled their children 
in public schools), there was an increase in the 
acquisition and access to energy-dense foods 
(such as candies and soft drinks), as well as great-
er access to more sedentary activities in daily 
living3. Unsafe neighborhoods or simply more 
comfortable transport alternatives (e.g., a school 
bus instead of walking or biking) were other as-
pects that favored a sedentary lifestyle3. This sit-
uation was compounded by lower coverage and 
more difficult access to health and primary care 
services among the families with lower financial 
conditions3, which increased the negative impact 
of socio-cultural and structural changes in public 
health problems such as childhood obesity. 

These findings have important practical im-
plications, as they indicate the need to expand 

Adjusted OR 
(IC 95%)*

1.0
0.63 (0.50;0.81)

1.0
0.74 (0.23;2.38)
0.94 (0.37;2.43)

1.0
0.62 (0.28;1.33)

1.0
0.12 (0.05;0.25)

1.0
1.72 (0.55;5.34)

Variables

Gender
Boys
Girls

Age groups (years)
6-7 
8-9
10-11

Study shift 
Morning
Afternoon

School system
Public
Private

School area
Urban
Rural

n (%)

117 (11.4)
76 (7.5)        

59 (9.6)
75 (8.1)

59 (11.9)

123 (10.9)
70 (7.7)

180 (14.0)
13 (1.7)

184 (9.2)
9 (22.0)

Table 2. Factors associated with elevated body mass index among children. Colombo, Parana, Brazil (2012).

Crude OR 
(IC 95%)

1.0
0.63 (0.49; 0.81)

1.0
0.84 (0.24;2.88)
1.27 (0.39;4.19)

1.0
0.69 (0.26;1.77)

1.0
0.11 (0.05;0.22)

1.0
2.8 (0.74;10.31)

p- 
value**

< 0.01

0.76

0.40

< 0.01

0.12

BMI: body mass index; OR (IC 95%): odds ratio ad confidence interval of 95%. * Odds ratio and CI 95% adjusted to other 
independent variables. ** P-values obtained using binary logistic regression with crude and adjusted models.

p- 
value**

< 0.01

0.23

0.20

< 0.01

0.33

IMC elevado, escore-z ≥ 2 
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policies that combat childhood obesity to cover 
populations in rural areas and those attending 
public schools.

Some strengths can be highlighted in this 
study. First, the representativeness of the sample, 
as children were selected from different regions 
(urban and rural) and education systems (public 

or private), allowed for the analysis to be extrap-
olated to the pediatric population of the mu-
nicipality. Another strong point was the use of 
three different anthropometric indices of obesi-
ty, which contributed to the diagnosis of general 
and centralized obesity in children as well as their 
potential sociodemographic correlates. Finally, it 

Table 3. Factors associated with elevated waist circumference and waist-to-height ratio among children. 
Colombo, Parana, Brazil (2012).

WC: waist circumference; WHtR: waist-to-height ratio; OR (IC 95%): odds ratio and confidence interval of 95%. * Odds ratio 
and CI 95% adjusted to other independent variables. ** P-values obtained using binary logistic regression with crude and adjusted 
models.

Adjusted OR 
(IC 95%)*

1.0
1.07 (0.87; 1.52)

1.0
0.54 (0.32; 0.90)
1.10 (0.59; 2.05)

1.0
0.63 (0.34; 1.15)

1.0
0.11 (0.05; 0.28)

1.0
2.61 (0.41; 9.35)

Variables

Gender
Boys
Girls

Age groups (years)
6-7 
8-9
10-11

Study shift 
Morning
Afternoon

School system
Public
Private

School area
Urban
Rural

n (%)

44 (4.3)
46 (4.5)

40 (6.5)
26 (2.8)
24 (4.8)

54 (4.8)
36 (4.0)

84 (6.5)
6 (0.8)

83 (4.2)
7 (17.1)

Crude OR 
(IC 95%)

1.0
1.05 (0.61; 1.83)

1.0
0.41(0.24; 0.73)
0.73 (0.42; 1.25)

1.0
0.82 (0.41; 1.62)

1.0
0.12 (0.04; 0.28)

1.0
4.74 (0.61; 9.99)

p- 
value**

0.83

0.02

0.54

< 0.01

0.13

p- 
value**

0.75

0.02

0.12

< 0.01

0.28

Elevated WC,  ≥ 90th 

Adjusted OR 
(IC 95%)*

1.0
0.83 (0.58; 1.19)

1.0
0.84 (0.49; 1.45)
1.39 (0.96; 2.00)

1.0
0.88 (0.45; 1.72)

1.0
0.09 (0.02; 0.33)

1.0
2.45 (0.50; 11.92)

Variables

Gender
Boys
Girls

Age groups (years)
6-7 
8-9
10-11

Study shift 
Morning
Afternoon

School system
Public
Private

School area
Urban
Rural

n (%)

79 (7.7)
100 (9.9)

58 (9.4)
74 (8.0)
47 (9.5)

101 (9.0)
78 (8.6)

169 (13.1)
10 (1.3)

168 (8.4)
11 (26.8)

Crude OR 
(IC 95%)

1.0
1.31 (0.91; 1.88)

1.0
0.84 (0.55; 0.73)
1.00 (0.73; 1.39)

1.0
0.96 (0.52; 1.76)

1.0
0.10 (0.03; 0.31)

1.0
3.99 (0.79;10.12)

p- 
value**

0.13

0.57

0.88

< 0.01

0.09

p- 
value**

0.08

0.30

0.70

< 0.01

0.24

Elevated WHtR (≥ 0.50)
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is important to highlight the evaluation of po-
tential factors associated with the simultaneous 
presence of anthropometric indices of obesity; 
an analysis with little evidence in the literature.

This study also has limitations. The first, based 
on the study sample evaluated in a Brazilian city, 
makes it impossible to extrapolate these results 
to children elsewhere. Another limitation refers 
to the use of anthropometric indices rather than 
objective measures (e.g., DXA or plethysmogra-
phy), in the estimation of body fat in children. 
However, these indices have high precision and 
are important clinical and epidemiological tools 
when evaluating general obesity and abdominal 
identification in children8. Finally, although it is a 
criterion commonly used in Brazilian studies13,14, 
the cutoff points proposed by Fernandéz et al.28 
were based on the WC percentile of American 
children and adolescents, and may not adequate-
ly reflect the presence of abdominal obesity in 
Brazilian children.

Conclusion

Overall, prevalence rates for elevated anthropo-
metric indices (BMI, WC, or WHtR) ranged from 
4.4% (elevated WC) to 9.4% (elevated BMI). 
However, about two in 10 children had at least 
a high anthropometric index. Being a female or 
an older child was associated with a lower odds 
ratio for having an elevated BMI and WC, respec-
tively. However, children from public schools had 
higher odds ratios for the isolated presence of el-
evated BMI, WC, and WHtR; the public school 
system and rural residence were positively asso-
ciated with the accumulation of elevated anthro-
pometric indices.

These findings suggest that, for some popu-
lations, the vulnerable context and living in areas 
far from urban centers may worsen the factors as-
sociated with general and central obesity. Public 
policies for child health in this region must direct 
their attention to these peculiarities. Promoting 

Adjusted OR 
(IC 95%)*

1.0
0.96 (0.75; 1.22)

1.0
0.78 (0.50; 1.21)
0.95 (0.61; 1.48)

1.0
0.77 (0.58; 1.02)

1.0
0.10 (0.05; 0.18)

1.0
1.90 (1.02; 3.54)

Variables

Gender
Boys
Girls

Age groups (years)
6-7 
8-9
10-11

Study shift 
Morning
Afternoon

School system
Public
Private

School area
Urban
Rural

n (%)

179 (17.5)
166 (16.4)

107 (17.4)
138 (15.0)
100 (20.1)

204 (18.1)
141 (15.5)

322 (25.0)
23 (3.1)

329 (16.5)
16 (39.0)

Table 4. Factors associated with the combined presence of elevated anthropometric indices among children. 
Colombo, Parana, Brazil (2012).

Crude OR 
(IC 95%)

1.0
0.92 (0.73; 1.17)

1.0
0.84 (0.50; 1.39)
1.20 (0.72; 1.99)

1.0
0.83 (0.63; 1.10)

1.0
0.09 (0.05; 0.18)

1.0
3.24 (1.72; 6.10)

p- 
value**

0.50

0.20

0.20

< 0.01

< 0.01

BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio. OR (IC 95%): odds ratio and confidence interval 
of 95%. * Odds ratio and CI 95% adjusted to other independent variables. ** P-values obtained using binary logistic regression with 
crude and adjusted models.

p- 
value**

0.75

0.43

0.08

< 0.01

0.04

Combined presence of elevated anthropometric indices 
 (BMI, WC, and/or WHtR)
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a positive school community, children’s healthy 
eating and an active lifestyle can be promising 
strategies for health promotion and obesity pre-
vention in this population.
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