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High blood pressure and its relationship to adiposity in
a school-aged population: body mass index vs waist

circumference
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High blood pressure (HBP) is a major concern in pediatric populations. Adiposity is highly related to HBP in youths; however,
whether body mass index (BMI) or waist circumference (WC) is more strongly associated with HBP in this population is unclear.
This cross-sectional study, involving schoolchildren between 10 and 17 years of age from public and private schools, assessed
direct measurements of BMI, WC and blood pressure. The socioeconomic level, sedentary behavior, physical activity, alcohol
consumption and smoking history were obtained through a questionnaire. A Pearson's correlation and linear regression were
used. In total, 1011 adolescents with a mean age of 13.1 (+2.3) years were evaluated. The prevalence of overweight/obesity was
27.7%, and the percentage of abdominal obesity was 19.3%. Adolescent boys and girls who had overweight/obesity or
abdominal obesity had higher systolic and diastolic blood pressure (BP) values compared with eutrophic adolescents or those
without abdominal obesity. In general, both BMI and WC were related to BP, but WC was more strongly correlated with BP than
BMI. In conclusion, although both BMI and WC were related to HBP, WC was more strongly associated with blood pressure in

young people.
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INTRODUCTION

High blood pressure (HBP) is alarmingly common in the world
population, and it is the main factor associated with cardiovascular
death and morbidity in both developed and developing countries.!
Hypertension observed in adults has a high chance of having its onset
in infancy, as children with HBP are more likely to become
hypertensive adults.?

Obesity is defined as an excess of body fat’ and is a major
determinant of HBP in youth.* Fujii et al.> observed that the presence
of abdominal obesity together with high levels of high-sensitivity
C-reactive protein was associated with an elevated level of new-onset
hypertension in the general population. Obese children and adoles-
cents have a higher blood pressure compared with lean subjects,
increasing the risk of cardiovascular events in adulthood.® Therefore,
easy adiposity indicators, such as body mass index (BMI) and waist
circumference (WC), have been used in practice. Both indicators have
been associated with cardiovascular risk in young people® and have
shown better reliability compared with other indicators, such as waist-
to-hip and waist-to-height ratios.”” In addition, these indicators have

widely acceptable cutoff points, improving the interpretation of the
results.!?

In adults, general adiposity assessed by BMI had a stronger
association with blood pressure than central adiposity measured by
WC.!! However, whether similar results are observed in children is
unclear. It is possible that WC is more related to HBP than BMI in
children and adolescents,'>!® given that sympathetic activation is an
important factor for the development of HBP in young populations.'4
Furthermore, whether the association between HBP and adiposity
differs between genders in adolescents is still unknown, although
several risk factors are different between the sexes.!® Thus, the aim of
this study was to assess the relationship between central and overall
adiposity and HBP in adolescents and the influence of gender on this
health outcome.

METHODS

Sample selection and inclusion criteria

According to the City Education Department of Presidente Prudente, there are
~37000 students regularly enrolled in the public and private systems of
education in the city. Of this total, 27 860 students are enrolled in primary
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school and 9105 in high school, with ~20% of students enrolled in private
schools. The study sample consisted of students aged between 10 and 17 years
(10-13 years (n=563); 14-17 years (n=448)) who were all regularly enrolled
in public or private educational systems in the city.

The city of Presidente Prudente has 36 schools serving the specific
population of this study.!'® Aiming to include students from all regions of the
city (north, south, east, west and central), two schools were randomly chosen
per region, in which all classes were evaluated. As not all regions contain private
schools, two randomly selected private schools were assessed to meet the
representative number of students in the private school system.

Study participants were: (I) adolescents aged 10-17 years; (II) enrolled in
primary and high schools from public and private education systems; (III) were
not using any medication to control heart rate or blood pressure; (IV) had not
performed strenuous exercise for at least 24 h before evaluation; (V) had not
consumed caffeinated beverages within 24 h before evaluation, and (VI)
returned the informed consent allowing the adolescent to participate in the
study, signed by a parent or guardian. This study was approved by the Ethics
Research Committee of the Sao Paulo State (CAAE:
21600613.4.0000.5402).

University

Sample calculation

The estimated sample adopted a maximum prevalence of 50% of outcome,
commonly used in epidemiological studies.!” Given that Presidente Prudente
has a student population of ~ 37 000 students, the confidence interval was 95%
and the maximum tolerable error rate 4%, which provided a simple random
sample of 591 adolescents. However, because the study was carried out by
conglomerates, the design effect correction of 1.5 showed a minimum size of
886 subjects. Anticipating possible sample losses of 10%, 975 subjects were
required for the survey.

Data Collection

A questionnaire was used to assess sedentary behavior, physical activity
engagement, smoking habits, alcohol consumption, and socioeconomic status.
It was applied in classrooms provided by the school, by previously trained
researchers.

Anthropometry

All participants were barefoot and wore light clothing for the evaluations. Body
weight, height and WC were assessed. For the assessment of body weight, a
digital scale (Plenna, Sao Paulo, Brazil) accurate to 0.1 kg was used. Height was
measured using a portable stadiometer (Sanny; American Medical do Brasil,
Sao Paulo, Brazil) with a maximum extension of 2.2 m and 0.1 cm precision.
From these two measures, the BMI was calculated using body mass divided by
the height squared. Measurements of WC were obtained in duplicate, at the
middle point between the iliac crest and the last rib, and at the end of normal
expiration, using an inextensible metallic tape with a precision of 0.1 cm
(Sanny; American Medical do Brasil).!® The final WC value of the adolescents
was determined by the average of the two measures.

The anthropometric measurements were performed in a separate room,
provided by the schools participating in the study. To avoid any possible
embarrassment during the anthropometric assessment, it was carried out by
researchers of the same sex as the evaluated subject.

Definition of obesity and abdominal obesity

To define overall obesity in the sample, the adolescents were classified
according to Cole et al.,'® considering BMI values according to age and gender,
defined as normal weight or overweight (overweight and/or obesity).

For the abdominal obesity definition, the participants in the sample were
classified by values of WC, conforming to Taylor et al.?’ This criteria defines
individuals as 'having' or 'not having' abdominal obesity according to the age
and gender of the children and adolescents.

Blood pressure measurement
Measurements of BP were collected two times, in a location with controlled
environmental factors such as temperature, humidity and noise. The individual
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was in a seated position with their torso leaning against the chair and arms
relaxed, with a minimum rest of 5 min before each measurement and a 10 min
interval between the first and second measurements. The average of the two
measurements was considered for SBP and DBP values. An oscillometric
electronic device was used (OMRON, model HEM 742; Omron Healthcare,
Hoofddorp, Netherlands), which was previously validated for use in this
population,?! and the appropriate cuff sizes were chosen according to the wide
range of ages and body sizes of the sample.

Sedentary behavior

Sedentary behavior was assessed through the number of hours a week that the
adolescents used electronic devices such as televisions, computers or video
games during leisure time. School-aged children and adolescents spend
prolonged hours in sedentary activities while studying, and this behavior was
common in all of the samples of this study conducted in the school
environment. Thus, to determine the levels of sedentary behavior, leisure
activities outside school hours were chosen. High levels of sedentary behavior
were considered in those adolescents who reported a sum of television, video
game and computer use of 22 h or more per week.??

Physical activity engagement

The habitual practice of physical activity was assessed using the questionnaire
developed by Baecke et al.?? validated for use in Brazilian adolescents.”* This
questionnaire aims to assess habitual physical activity through three different
domains (physical activity at school, physical activity during leisure/occupa-
tional and sports activities outside school), and the sum of these three areas
indicates the total practice of physical activity score.

For each of the three domains of physical activity, as well as the total score,
the final product presented by the questionnaire is a dimensionless score. Thus,
the cutoff point for classification of sufficient or insufficient physical activity
was defined in an arbitrary manner by the investigators. Those individuals
situated in the highest quartile for physical activity were classified as sufficiently
active (fourth quartile (active enough)), and insufficiently active subjects were
those in the first three quartiles (Q1, Q2 and Q3).

Smoking habits and alcohol consumption

Smoking habits and alcohol consumption were verified through questions
adapted from the Global School-based Student Health Survey.?> This type of
instrument reports the use of alcohol and tobacco by adolescents in the
previous month. Adolescents who reported alcohol consumption on at least
1 day a week of 2 doses or 2 days a week with 1 dose per day (each dose is
250 ml) or who had smoked in the previous 30 days were considered as having
the respective risk behavior.

Socioeconomic status

The economic status of the families was determined by the 'Criteria for
Economic Classification of Brazil' established in 2011 by the Brazilian
Association of Companies and Research (ABEP), according to the database
of a survey conducted in 2009 by the Brazilian Institute of Public Opinion and
Statistics (2011).2° The questionnaire was completed by the student in the
classroom, with the help of a researcher, taking into account the level of
education of the household head, as well as the presence and quantity of certain
rooms and items in the analyzed home (TV color, videocassette or DVD, radio,
bathroom, car, washing machine, housemaids, fridge and freezer), and
established the following ratings for economic conditions: Al, A2, Bl, B2,
Cl, C2, D and E. After classification of the subject through the instrument for
measuring economic class, the sample was further subdivided into high
economic class, including categories Al, A2 and B1, middle economic class,
including B2 and Cl, and low economic class, including categories C2,
D and E.

Statistical analysis

The sample characterization variables are described as the mean and s.d. As the
pubertal stage was not assessed, analyses stratified by age (10-13 years and
14-17 years) were performed to limit the influence of maturation in the



Table 1 Characterization of the sample according to anthropometric indicators

Girls (n=557)

Boys (n = 454)

Overweight P-value Normal WC Abdominal obesity P-value Normal weight Overweight P-value Normal WC Abdominal obesity P-value

Normal weight

0.002
<0.001

2.4)

16.7)

0.398
<0.001
<0.001

13.0)
4.1)
8.1)

0.002
<0.001

14.2)
9.4)

12.6

2.2)

65.4
156.9

11.4)
11.9)
3.0)
6.0)

26.2

82.7
120.5

12.6)
8.6)

71.2

0.001 13.5

<0.001

2.3)

47.0
155.7

15.4)

0.813
<0.001
<0.001
<0.001
<0.001

12.2)
3.5)
9.4)

19.1

64.6
115.8

13.3)
9.3)

66.9

12.8

2.2)

63.3
155.7

10.8)

12.1)
2.4)
5.9)

25.7

78.9
119.9

12.8)
8.5)

71.0

13.5

<0.001
<0.001
<0.001
<0.001
<0.001

1.9

45.7
156.0

12.9)

11.6)
3.3)
7.1)

18.5

64.0
115.5

0.019
<0.001

12.9)

66.5

10.7)

12.00

2.4)

61.9
155.2

13.7)

13.8)
3.3)
6.7)

25.2

83.0
118.6

13.7)
9.4)

70.1

13.1
46.7
155.4

0.005

<0.001

2.2)

14.5)

0.549
<0.001
<0.001

12.1)
3.8)
8.3)
2.3)

18.9
65.3
114.8

0.003
<0.001

65.7

10.9)

124
62.0
156.0

2.3)

12.9)

13.9)
2.4)
6.4)
2.2)
9.1)

25.2

79.5
1185

69.2

13.1

Age (years)
Weight (kg)

44.8
155.2

Height (cm)

18.2

BMI (kg/m?)

WC (cm)

64.5
114.4

SBP (mm Hg)

65.5

DBP (mm Hg)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference.
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analyses. The correlation between systolic and diastolic blood pressure with
BMI and WC was verified by the Pearson's correlation. The magnitude of the
relationship in the unadjusted and adjusted analysis (age, socioeconomic level,
smoking status, alcohol consumption, sedentary behaviors and physical activity)
was observed through linear regression. The adopted confidence interval was
95%, and the significance level was 5%. The statistical program used was SPSS
version 15.0.

RESULTS

The study included 1011 adolescents with a mean age of 13.1 (+2.3)
years. The prevalence of overweight adolescents was 27.7%, including
28.9% male adolescents and 26.6% female adolescents (P=0.463).
The prevalence of abdominal obesity was 19.3%. The prevalence of
abdominal obesity was slightly higher in male adolescents, 19.7%,
compared with female adolescents, 18.9% (P=0.821).

Table 1 presents the descriptive variables of the sample according to
the anthropometric indicators used in this study. Overweight boys and
girls were younger and had higher weight, BMI, WC, SBP and DBP
compared with their normal weight peers. Similar results were
observed comparing adolescent boys and girls with and without
abdominal obesity. An increase of 0.26 and 0.21 mm Hg for systolic
and diastolic BP, respectively, was observed for each 1 kg/m? increase
in BMI, and for each centimeter increase in WC, systolic and diastolic
BP increased by 0.44 and 026 mm Hg, respectively.

In adolescent boys and girls of 1013 years, a positive correlation
among SBP, BMI and WC and among DBP, BMI and WC was
observed. In adolescents aged 14—17 years, the SBP was correlated with
WC in boys, while SBP and DBP were correlated with BMI and WC in
girls (Table 2).

The crude multivariate analysis tested the magnitude of the
relationship between anthropometric indicators and the SBP and
DBP in adolescent boys and girls. Both anthropometric indicators
presented positive relationships with SBP and DBP in adolescents
from 10 to 13 years. In male adolescents aged 14-17 years, BMI was
not related to SBP; neither the BMI nor WC had a relationship with
DBP in boys aged 14-17 years (Table 3).

The adjusted analyses in Table 4 indicate that relations between
anthropometric indicators and the SBP values remained connected in
the first statistical model, even after adjusting for confounding
variables: socioeconomic level, smoking status, alcohol consumption,
physical activity and sedentary behavior, in both sexes (with the
exception of BMI in boys aged 14-17 years). In the second model,
when WC was entered as an adjustment factor for BMI, the
significance observed between SBP and BMI was lost in both genders.
On the other hand, when BMI was entered as an adjustment factor for
WC, no reduction in the relationship between WC and SBP was
observed.

Table 5 shows the relationship between anthropometric indicators
and DBP in adolescents. In adolescents aged 10—13 years, a relation-
ship between anthropometric indicators and DBP was observed.
However, this relationship was not observed in boys aged 14-17
years, only in girls and the total sample of adolescents aged
14~17 years.

In adolescents aged 10—13 years, it was observed that after WC entry
as an adjustment factor, there was a loss of the relationship between
BMI and DBP in both sexes, which did not occur in adolescents aged
14-17 years. In relation to WC with DBP, there were no changes in
the variables that were established in the first model after insertion of
BMI as an adjustment.
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Table 2 Correlation between anthropometric indicators and SBP and
DBP in adolescents

BMI wc
r P-value r P-value
10-13 years
Boys
SBP 0.31 <0.001 0.39 <0.001
DPB 0.21 <0.001 0.28 <0.001
Girls
SBP 0.27 <0.001 0.30 <0.001
DPB 0.33 <0.001 0.33 <0.001
14-17 years
Boys
SBP 0.12 0.121 0.22 0.002
DPB 0.13 0.100 0.08 0.302
Girls
SBP 0.18 0.004 0.24 <0.001
DPB 0.33 <0.001 0.29 <0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood
pressure; WC, waist circumference.

Table 3 Crude analysis between anthropometric indicators and blood
pressure in adolescents

Boys Girls Total
i Cl (95%) i Cl (95%) p Cl (95%)
Systolic blood pressure
10-13 years
BMI 0.86 0.55;1.17 0.88 0.52;1.24 0.86 0.62;1.10
wC 046 0.33;0.60 0.40 0.24;0.55 0.50 0.37;0.62
14-17 years
BMI 0.41 -0.11; 094 0.52 0.17;0.88 0.48 0.18;0.77
wC 0.35 0.12;0.57 0.34 0.17; 049 0.41 0.30; 0.52
Diastolic blood pressure
10-13 years
BMI 049 0.21;0.77 0.74 0.49;099 0.60 0.41;0.79
wC 0.29 0.17;041 0.31 0.21;042 0.30 0.22;0.38
14-17 years
BMI 0.29 -0.05;0.63 0.66 0.42;0.89 0.54 0.34;0.73
wC 0.07 -0.07;0.22 0.27 0.16;0.38 0.20 0.10;0.28

Abbreviations: BMI, body mass index; Cl, confidence interval; WC, waist circumference.
The bold entries mean that these results were statistically significant (P < 0.05).

DISCUSSION

BMI and WC were associated with higher SBP and DBP levels in both
sexes, even after adjustment for confounders. However, WC was more
strongly associated with HBP compared with BMI, especially in male
adolescents.

Findings in the literature are not consistent regarding the associa-
tion of WC with BP considering BMI. Song?” observed that WC loses
strength of association when adjusted for BMI in relation to BP in
overweight and normal weight individuals. Moreover, Maximova
et al.?® reported that neither WC nor the waist-to-hip ratio ratio
had a greater ability to identify hypertensive children when compared
with BMI, and the general or abdominal adiposity rates obtained by
DXA did not have a higher ability than BMI or WC to identify subjects
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with elevated BP. The same study ranks BMI favorably for use in
public health and clinical contexts in pediatric populations and
recommends monitoring the BP of this population, regardless of their
body weight.

Although BMI cannot discriminate between adipose, bone and
muscle tissues involved in body weight?®* and can therefore not be
directly related to central adiposity,® lower reproducibility of the WC
when compared with the BMI was observed.?! The recent increase in
mean BMI in children and adolescents has been accompanied by an
even more pronounced increase in WC.? Thus, both may be
associated with health outcomes.

In some studies, the association between central adiposity and BP
was stronger in boys than in girls.>>** A longitudinal study found an
association of BMI and WC with BP, being mediated by the age and
sex of the individuals.’ Among men, WC appears to be more
important than BMI for BP prediction. On the other hand, BMI is
more strongly associated with BP in women. Girls have less visceral
fat than boys, and this difference may explain the lower strength of
association between visceral fat and BP in girls, as the relationship
between BP and fat distribution was observed regardless of the
amount of body fat.’® Similar findings were observed in hypertensive
adults by Krzesinski et al.,’” where no differences between gender
were shown with regard to the relation of hypertension with
abdominal obesity assessed by WC.

The relationship between obesity markers and blood pressure was
not observed in males aged between 14-17 years. Puberty had been
associated with a reduction in adipose tissue, especially in males. It is
known that adipose tissue is responsible for releasing a number of
cytokines, including leptin. This cytokine contributes to increases in
the sympathetic nervous system and subsequently in human blood
pressure.® In addition, gender differences in the regulation of the
sympathetic nervous system were previously described in adults.?
Weise et al.®’ showed an association between norepinephrine levels
and testosterone in boys, which can also account for the lack of a
relationship between obesity parameters and blood pressure in boys
aged 14-17 years in our study. In addition, adolescents with early
maturation have more cardiovascular risk factors, such as high BMI
and WC, when compared with adolescents with late maturation,*!
which may contribute to the relationship between BMI and WC with
more pronounced HBP in the age group between 10-13 vyears.
Another aspect to be considered is that the level of physical activity
could have a protective role in increasing blood pressure regardless of
weight, which could contribute to the observed results.*?

Zangh et al.* observed an increased risk of elevated BP in children
and adolescents with low BMI but high WC, and their health risks
were underestimated when assessed by BMI alone. Dimitriadis et al.*
observed in a 6-year follow-up study that WC might be an
independent predictor of coronary artery disease when compared
with BMI and the waist-to-hip ratio in hypertensive adults. In this
study, the relationship between BMI and BP was lost with the
inclusion of WC. On the other hand, the relationship between WC
and BP remained significant after the adjustment for BMI, suggesting
that WC is a better independent predictor of BP than BMI.

Several factors may explain the link between SBP and WC. There is
a higher sensitivity of catecholamine in subcutaneous fat cells in the
abdominal region.*> The molecules released by hypertrophic fat cells
acts in the formation of angiotensin, which affects diuresis and
vasoconstrictor hormones.*® Finally, there is increased cardiac sympa-
thetic modulation to the heart, activated by leptin, which is released by
adipokines.*”
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Boys Girls Total
B Cl (95%) g Cl (95%) g Cl (95%)
Systolic blood pressure
10-13 years
BMI2 0.80 0.49;1.11 0.89 0.52;1.25 0.85 0.61;1.09
BMIP -0.44 -0.60; 0.50 -0.10 -0.77; 0.97 0.04 -0.42; 0.52
wca 0.44 0.30; 0.58 0.41 0.25; 0.56 0.42 0.32; 0.53
weP 0.46 0.21; 0.71 0.37 0.01; 0.73 0.41 0.20; 0.61
14-17 years
BMI2 0.51 -0.04; 1.07 0.50 0.14; 0.85 0.45 0.16; 0.75
BMIP -0.90 -1.92;1.24 -0.27 -0.92; 0.38 -0.54 -1.08; 0.01
wca 0.38 0.15; 0.61 0.32 0.15; 0.48 0.33 0.20; 0.46
weP 0.70 0.27; 1.12 0.42 0.11; 0.73 0.54 0.29; 0.78

Abbreviations: BMI, body mass index; Cl, confidence interval; WC, waist circumference.

aModel 1 =socioeconomic level, smoking status, alcohol consumption, sedentary behaviors and physical activity.

PModel 2 =adjusted by model 1 and BMI or WC.
The bold entries mean that these results were statistically significant (P < 0.05).

Table 5 Adjusted analysis between anthropometric indicators and
diastolic blood pressure in adolescents

Boys Girls Total
B Cl (95%) B Cl (95%) p Cl (95%)
Diastolic blood pressure
10-13 years
BMI2 0.49 0.21;0.77 0.71 0.47; 0.97 0.60 0.41; 0.78
BMIP -0.16 -0.66;0.33 0.41 -0.20; -0.05 -0.31;
1.01 0.43
wcea 0.29 0.17; 0.41 0.30 0.20; 0.40 0.29 0.21; 0.37
wcP 0.26 0.07; 0.45 0.34 0.18; 0.50 0.29 0.17; 0.41
14-17 years
BMI2 0.31 -0.03; 0.66 0.64 0.41; 0.88 0.55 0.36; 0.75
BMIP 0.48 -0.19; 1.13 0.60 0.15; 1.03 0.61 0.25; 0.97
wca 0.09 -0.06;0.23 0.27 0.15; 0.38 0.20 0.11; 0.29
wcP -0.07 -0.12;,0.26 0.17 0.01;0.31 0.13 0.01; 0.25

Abbreviations: BMI, body mass index; Cl, confidence interval; WC, waist circumference.
2Model 1=Socioeconomic level, smoking status, alcohol consumption, sedentary behaviors and
physical activity.

bModel 2= Adjusted by model 1 and BMI or WC.

The bold entries mean that these results were statistically significant (P < 0.05).

Practical applications of this study include that WC and BMI are
easily collected measurements, both at school and in the home, which
can diagnose potential risk factors for cardiometabolic problems at an
early age. Limitations of this study should be considered. The cross-
sectional design precludes causality inferences. We performed only
two blood pressure assessments in a single day, and thus overestimates
of BP values might have occurred.*® Screen time was the only
sedentary behavior analyzed, and whether similar results occur with
other sedentary behaviors is not known. Maturation was not assessed.
Although the results were stratified by age, the influence of matura-
tional stage cannot be discarded. As positive aspects of this study, we
note the representative sample and control for multiple confounders
in the analyses of the association between HBP and BMI and WC. It is
also worth noting that the stratification analyses by sex is an important
aspect of the study.

In conclusion, our results showed that both BMI and WC had a
positive relation with HBP in the pediatric population.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

We thank the National Council for Research and Development (CNPq, process
number:442395/2014-0).

1 Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ. Selected major risk factors
and global and regional burden of disease. Lancet 2002; 360: 1347-1360.

2 Chen X, Wang Y. Tracking of blood pressure from childhood to adulthood: a systematic
review and meta-regression analysis. Circulation 2008; 117: 3171-3180.

3 Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, Bhadoria AS. Childhood obesity:
causes and consequences. J Fam Med Prim Care 2015; 4: 187-192.

4 Christofaro DG, Fernandes RA, Oliveira AR, Freitas Junior IF, Barros MV, Ritti-Dias RM.
The association between cardiovascular risk factors and high blood pressure in
adolescents: a school-based study. Am J Hum Biol 2014; 26: 518-522.

5 Fujii M, Ohnishi H, Saitoh S, Akasaka H, Miura T, Mori M. The combination of
abdominal obesity and high-sensitivity C-reactive protein predicts new-onset hyperten-
sion in the general Japanese population: the Tanno-Sobetsu study. Hypertens Res
2015; 38: 426-432.

6 Shikha D, Singla M, Walia R, Potter N, Umpaichitra V, Mercado A, Winer N. Ambulatory
blood pressure monitoring in lean, obese and diabetic children and adolescents.
Cardiorenal Med 2015; 5: 183-190.

7 Chen MM, Lear SA, Gao M, Frohlich JJ, Birmingham CL. Intraobserver and interobserver
reliability of waist circumference and the waist-to-hip ratio. Obes Res 2001; 9: 651.

8 Bluher S, Molz E, Wiegand S, Otto KP, Sergeyev E, Tuschy S, L'Allemand-Jander D,
Kiess W, Holl RW. Body mass index, waist circumference, and waist-to-height ratio as
predictors of cardiometabolic risk in childhood obesity depending on pubertal devel-
opment. J Clin Endocrinol Metab 2013; 98: 3384-3393.

9 Nordhamn K, Sodergren E, Olsson E, Karlstrém B, Vessby B, Berglund L. Reliability of
anthropometric measurements in overweight and lean subjects: consequences for
correlations between anthropometric and other variables. /nt J Obes Relat Metab Disord
2000; 24: 652-657.

10 Wall-Medrano A, Ramos-Jiménez A, Hernandez-Torres RP, Villalobos-Molina R, Tapia-
Pancardo DC, Jiménez-Flores JR, Méndez-Cruz AR, Murguia-Romero M,
Gallardo-Ortiz IA, Urquidez-Romero R. Cardiometabolic risk in young adults from
northern Mexico: revisiting body mass index and waist-circumference as predictors.
BMC Public Health 2016; 16: 236.

11 Chen X, Du H, Zhang J, Luo G, Que X, Zhang N, Bian Z, Guo Y, Li L, Chen Z, Wu X.
Adiposity and blood pressure among 55 000 relatively lean rural adults in southwest
of China. J Hum Hypertens 2015; 29: 522-529.

12 Soares-Miranda L, Alves AJ, Vale S, Aires L, Santos R, Oliveira J, Mota J. Central fat
influences cardiac autonomic function in obese and overweight girls. Pediatr Cardiol
2011; 32: 924-928.

13 Rodriguez-Colén SM, Bixler EO, Li X, Vgontzas AN, Liao N. Obesity is associated with
impaired cardiac autonomic modulation in children. Int J Pediatr Obes 2011; 6:
128-134.

14 Farah BQ, Prado WL, Tendrio TRS, Ritti-Dias RM. Heart rate variability and its
relationship with central and general obesity in obese normotensive adolescents.
Einstein 2013; 11: 285-290.

Hypertension Research



High blood pressure and adiposity in students
WR Tebar et al

140

15 Rogers RG, Everett BG, Saint Onge JM, Krueger PM. Social, behavioral, and biological
factors, and sex differences in mortality. Demography 2010; 47: 555-578.

16 Fernandes RA, Conterato |, Messias KP, Christofaro DG, Oliveira AR, Freitas Junior IF.
Risk factors associated with overweight among adolescents from western Sao
Paulo state. Rev Esc Enferm USP 2009; 43: 768-773.

17 Agranonik M, Hirakata VN. Sample size calculation: proportions. Rev HCPA 2011; 31:
382-388.

18 Lohman TG, Martorell R, Roche AF. Anthropometric Standardization Reference Manual,
3rd edn. Human Kinetics Books, Press: Champaign, IL, 1988.

19 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ 2000; 320:
1240.

20 Taylor RW, Jones IE, Williams SM, Goulding A. Evaluation of waist circumference,
waist-to-hip ratio, and the conicity index as screening tools for high trunk fat mass, as
measured by dual-energy X-ray absorptiometry, in children aged 3-19y. Am J Clin Nutr
2000; 72: 490-495.

21 Christofaro DGD, Fernandes RA, Gerage AM, Alves MJ, Polito MD, Oliveira AR.
Validation of the Omron HEM 742 blood pressure monitoring device in adolescents.
Arq Bras Cardiol 2009; 92: 10-15.

22 Thibault H, Contrand B, Saubusse E, Baine M, Maurice-Tison S. Risk factors for
overweight and obesity in French adolescents: physical activity, sedentary behavior and
parental characteristics. Nutrition 2010; 26: 192-200.

23 Baecke JA, Burema J, Frijters JE. A short questionnaire for the measurement of
habitual physical activity in epidemiological studies. Am J Clin Nutr 1982; 36:
936-942.

24 Guedes DP, Lopes CC, Guedes J, Stanganelli LC. Reproducibility and validity of the
Baecke questionnaire for assessing of the habitual physical activity in adolescents. Rev
Port Cien Desp 2006; 6: 265-274.

25 Centers for Disease Control and Prevention (CDC). Global School-based Student Health
Survey (GSHS, 2004 accessed in July 28, 2016). Available at: http://www.cdc.gov/gshs.

26 Associagdo Brasileira de Empresas de Pesquisa (ABEP). Critério de Classificacao
Econémica Brasil. Dados com base no levantamento socioeconémico 2009—IBOPE.
Available at: http:/www.abep.org.br (last accessed 21 January 2015).

27 Song YH. The association of blood pressure with body mass index and waist
circumference in normal weight and overweight adolescents. Korean J Pediatr 2014;
57: 79-84.

28 Maximova K, Chiolero A, O'Loughliin J, Tremblay A, Lambert M, Paradis G. Ability of
different adiposity indicators to identify children with elevated blood pressure. J
Hypertens 2011; 29: 2075-2083.

29 Hall DM, Cole TJ. What use is the BMI? Arch Dis Child 2006; 91: 283-286.

30 Neovius M, Rasmussen F. Evaluation of BMI-based classification of adolescent
overweight and obesity: choice of percentage bodyfat cutoffs exerts a large influence.
The COMPASS Study. Eur J Clin Nutr 2008; 62: 1201-1207.

31 Bosy-Westphal A, Geisler C, Onur S, Korth O, Selberg O, Schrezenmeir J, Mller MJ.
Value of body fat mass vs anthropometric obesity indices in the assessment of metabolic
risk factors. Int J Obes (Lond) 2006; 30: 475-483.

32 McCarthy HD, Ellis SM, Cole TJ. Central overweight and obesity in British youth
aged 11-16 years: cross sectional surveys of waist circumference. BMJ 2003; 326:
624,

33 Maffeis C, Banzato C, Brambilla P, Cerutti F, Corciulo N, Cuccarolo G, Di Pietro M,
Franzese A, Gennari M, Balsamo G, Grugni G, lughetti L, Del Giudice EM, Petri A,
Trada M, Yiannakou P. Insulin resistance is a risk factor for high blood pressure

Hypertension Research

regardless of body size and fat distribution in obese children. Nutr Metab Cardiovasc Dis
2010; 20: 266-273.

34 Gopinath B, Baur LA, Garnett S, Pfund N, Burlutsky G, Mitchell P. Body mass index and
waist circumference are associated with blood pressure in preschool-aged children. Ann
Epidemiol 2011; 21: 351-357.

35 Benetou V, Bamia C, Trichopoulos D, Mountokalakis T, Psautopoulou T,
Tritchopoulou A. The association of body mass index and waist circumference with
blood pressure depends on age and gender: a study of 10,928 non-smoking adults in
the Greek EPIC cohort. Eur J Epidemiol 2004; 19: 803-809.

36 Kouda K, Nakamura H, Fujita Y, Ohara K, Iki M. Increased ratio of trunk to
appendicular fat and increased blood pressure: study of a general population of
Hamamatsu children. Circ J 2012; 76: 2848-2854.

37 Krzesinski P, Stanczyk A, Piotrowicz K, Gierelak G, Uzieblo-Zyczkowska B,
Skrobowski A. Abdominal obesity and hypertension: a double burden to the heart.
Hypertens Res 2016; 39: 349-355.

38 Wada K, Yatsuya H, Tamakoshi K, Otsukai R, Fujii C, Matsushita K, Sugiura K,
Toyoshima H. A positive association between leptin and blood pressure of normal range
in Japanese men. Hypertens Res 2006; 29: 485-492.

39 Lambert E, Straznicky N, Eikelis N, Esler M, Dawood T, Masuo K, Schlaich M,
Lambert G. Gender differences in sympathetic nervous activity: influence of body mass
and blood pressure. J Hypertens 2007; 25: 1411-1419.

40 Weise M, Eisenhofer G, Merke DP. Pubertal gender-related changes in the
sympathoadrenal system in healthy children. J Clin Endocrinol Metab 2002; 87:
5038-5043.

41 Werneck AO, Silva DR, Souza MF, Christofaro DG, Tomeleri CM, Fernandes RA,
Ronque ER, Coelho-E-Silva MJ, Sardinha LB, Cyrino ES. Correlates of blood pressure
according to early, on time, and late maturation in adolescents. J Clin Hypertens
(Greenwich) 2016; 18: 424-430.

42 Christofaro DG, Ritti-Dias RM, Chiolero A, Fernandes RA, Casonatto J,
de Oliveira AR. Physical activity is inversely associated with high blood pressure
independently of overweight in Brazilian adolescents. Scand J Med Sci Sports 2013;
23: 317-322.

43 Zhang YX, Zhao JS, Chu ZH. Children and adolescents with low body mass index but
large waist circumference remain high risk of elevated blood pressure. Int J Cardiol
2016; 15: 23-25.

44 Dimitriadis K, Tsioufis C, Mazaraki A, Liatakis |, Koutra E, Kordalis A, Kasiakogias A,
Flessas D, Tentolouris N, Tousoulis D. Waist circumference compared with other obesity
parameters as determinants of coronary artery disease in essential hypertension: a 6-
year follow-up study. Hypertens Res 2016; 39: 475-479.

45 Hoffstedt J, Reynisdottir S, Loénnqvist F. Systolic blood pressure is related to
catecholamine sensitivity in subcutaneous abdominal fat cells. Obes Res 1996; 4:
21-26.

46 Poirier P, Mauriége P, Dewailly E, Blanchet C, Bergeron J, Després JP. Impact of waist
circumference on the relationship between blood pressure and insulin: the Quebec
Health Survey. Hypertension 2005; 45: 363-367.

47 Farah  BQ, Barros MV, Balagopal B, Ritti-Dias RM. Heart rate
variability and cardiovascular risk factors in adolescent boys. J Pediatr 2014; 165:
945-950.

48 de Oliveira LMFT, da Silva AO, Diniz PRB, Farah BQ, Piraud ALT, de Lima Neto AJ,
Feitosa WMDN, Tassitano RM, Ritti-Dias RM. The number of visits and blood pressure
measurements influence the prevalence of high blood pressure in adolescents. J Am
Soc Hypertens 2017; 11: 343-349.


http://www.cdc.gov/gshs
http://www.abep.org.br

	High blood pressure and its relationship to adiposity in a school-aged population: body mass index vs waist circumference
	Introduction
	Methods
	Sample selection and inclusion criteria
	Sample calculation
	Data Collection
	Anthropometry
	Definition of obesity and abdominal obesity
	Blood pressure measurement
	Sedentary behavior
	Physical activity engagement
	Smoking habits and alcohol consumption
	Socioeconomic status
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




