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Abstract

Introduction: Excess adiposity is one of the main risk factors
for cardiovascular diseases, including high blood pressure.
Children and adolescents with obesity and hypertension are at
greater risk of morbidity and mortality in adulthood.

Objective: To analyze the association between excess
peripheral, central and general adiposity with high blood
pressure in adolescents in southern Brazil.

Methods: This is a cross-sectional study with 1,132
adolescents (16.50 * 1.14 years) of both sexes. Measurements
were performed with the oscillometric method using digital
sphygmomanometer, considering high systolic and diastolic
blood pressure, values above the 95th percentile for sex and
age. Peripheral adiposity (triceps skinfold) and central adiposity
(subscapular skinfold) were classified as high from the 90th
percentile of the Centers for Disease Control and Prevention
reference distribution. For excess general adiposity, triceps
and subscapular skinfold above the 90th percentile were
simultaneously considered. Logistic regression was used with
5% significance level.

Results: Male adolescents with high peripheral, central and
general adiposity were, respectively, 2.43 (95% CI: 1.14;
5.19), 3.50 (95% CI: 1.66; 7.41) and 2.47 (95% CI: 1.01;
6.18) times more likely of having high SBP. Male adolescents
with excess general adiposity were more likely of developing
high diastolic blood pressure (OR: 3.31; 95% CI: 1.41; 7.70).
Female adolescents with excess central and general adiposity
were 4.15 (95% CI: 1.97; 8.77) and 3.30 (95% CI: 1.41; 7.77)
times more likely of developing high diastolic blood pressure,
respectively.

Conclusion: Male adolescents with excess peripheral,
central and general adiposity were more likely of having high
systolic blood pressure and high diastolic blood pressure
when presenting high general adiposity. In addition, female
adolescents with high excess central and general adiposity
were more likely of having high diastolic blood pressure.
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Authors summary

Why was this study done?

Excess adiposity is a risk factor for chronic diseases such as obesity and systemic arterial hypertension. When initiated in the
adolescence phase, the greater the chances of cardiovascular, renal and nervous system complications throughout life. Thus, it was
possible to estimate the chances of high blood pressure in adolescents with excess adiposity.

What did the researchers do and find?

This school-based cross-sectional study was collected from 1.132 adolescents. Systolic and diastolic blood pressure were measured
considering them normal or high. Peripheral adiposity (triceps skinfold) and central adiposity (subscapular skinfold) were classified as
high starting at the 90th percentile. For excess general adiposity was verified when triceps and subscapular skinfold were above the
90th percentile simultaneously. The main findings of the present study were: male adolescents with excess peripheral, central and
general adiposity had higher chances of high systolic blood pressure and higher chances of high diastolic blood pressure when they
had excessively high general adiposity. Female adolescents with excess central and general adiposity are more likely to have high
diastolic blood pressure.

What do these findings mean?

Overweight and obesity may be the main risk factors for high systolic and diastolic blood pressure in adolescents of both sexes. These
results exposes excess adiposity and high blood pressure as public health problem among adolescents and the present research can
be useful to identify risk subgroups and improve the planning of technologies aimed at combating and preventing health problems.

Bl INTRODUCTION

From 1975 to 2016, the number of obese children
and adolescents in the world increased eight times in
females and 8.6 times in males and the forecast is that by
2022, there will be more obese young people than those
with malnutrition'. In Brazil, the prevalence of excess
weight (overweight and obesity) in adolescents increased
from 6.2% between 1974 and 1985 to 25% between 2008
and 2009 in adolescents aged 10-19 years, showing an
alarming scenario for this population in the country?.
Weight gain during childhood and adolescence will possibly
lead to excess adiposity in adulthood, increasing the risk
of developing diseases such as dyslipidemia, diabetes
and cardiovascular diseases such as atherosclerosis and
systemic arterial hypertension during all stages of life?.

Systemic arterial hypertension is the increase in
blood vessel tension levels, leading to changes in blood
pressure?. Asitis an asymptomatic disease in its early stages,
the prevalence of SAH has been increasing worldwide®. If
not controlled, systemic arterial hypertension can cause
stroke, myocardial infarction, heart failure, dementia,
kidney failure, presenting greater risks of morbidity and
mortality in adulthood. Early diagnosis and treatment are
directly associated with reducing these risks®.

Studies have shown prevalence of high blood
pressure of approximately 10% in overweight adolescents
in several countries between 2007 and 20137%. In Brazil, in
2013, the prevalence of high blood pressure in adolescents
with excess adiposity was 9.6%, the lowest being found in
the Northern region (8.4%), and the highest in the Southern
region of Brazil (12.5 %)’.

Most of these studies used body mass index
(BMI) to measure excess adiposity in adolescents’s. There
is scarcity of studies using the anthropometric method of
skinfolds, which enables investigating body adiposity in
different body regions separately, as they have different
prediction patterns. Thus, subgroups with the highest
risk can be identified, contributing to the planning of
interventions to prevent and treat this health problem’.
Subscapular skinfold is an indicator of central adiposity
and is directly associated with other health outcomes
such as metabolic syndrome and cardiovascular events'®.
Peripheral adiposity can be verified through triceps skinfold

and is directly associated with other health risk factors,
such as low cardiorespiratory fitness and hyperglycemia!l.

There are studies that have associated blood pressure
with excess adiposity, considering excess general adiposity
as the sum of both skinfolds'?. However, the present study
analyzed this variable when both skinfolds remain above
the 90th percentile of the reference distribution for sex
and age of the Centers for Disease Control and Prevention
(CDC) curve'l, allowing more precise inferences on the
subject. Thus, the aim of the present study was to analyze
the association between excess peripheral, central and
general adiposity with high blood pressure in adolescents
in a city in southern Brazil.

Bl METHODS
Study design

This cross-sectional school-based study was part
of the “Brazilian Guide for Assessing Physical Fitness
Related to Health and Life Habits - Stage I”” macroproject,
approved by the Ethics Committee for Research with
Humans of the Federal University of Santa Catarina under
Protocol No. 746.536 and developed between August and
November 2014. All participants signed the Assent Form.
For adolescents aged <18 years, parents / guardians signed
the Free and Informed Consent Form and adolescents aged
> 18 years signed the Free and Informed Consent Form
themselves.

Participants

The sampling process was carried out in two stages:
the first formed by school density stratification (size:
small, with less than 200 students; medium, with 200-499
students; and large, with 500 or more students) and the
second considering the study shift and the school grade.
Eligibility was considered as to be enrolled in the state
school system, to be aged 14-19 years, to be in classroom
at the time of data collection and to agree to participate in
the study.

To determine sample size, confidence level of 1.96
was adopted (95% confidence interval - 95% CI), tolerable
error of five percentage points, prevalence of 50% and
design effect of 1.5, adding 20 % for losses and refusals
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and another 20% to control possible confounding variables.
Since 5.182 students were enrolled in high schools in the
city of Sao José, SC in 2014, the sample size was estimated
at 751 adolescents. However, due to cluster sampling, all
students present were invited to participate in the survey,
resulting in 1.132 students.

Dependent variable

Dependent variables were: blood pressure, systolic
blood pressure and diastolic blood pressure measured by
digital oscillometric method using Omron device (Kyoto,
Japan) model HEM 742, validated for use with Brazilian
adolescents'?. After being informed about procedures,
adolescents were instructed to remain at rest for five
minutes, with empty bladder, without performing physical
activity 90 minutes before the test and without eating,
drinking alcohol or caffeine-based beverages at least 30
minutes before data collection. Two measurements with
five-minute interval were performed using the average of
the two measurements following protocol of the Brazilian
Guidelines on Arterial Hypertension®. High blood pressure
is defined when adolescents up to 18 years had systolic
blood pressure / diastolic blood pressure > 95th percentile
according to the reference table of “The Fourth Report on
the Diagnosis, Evaluation and Treatment of High Blood
Pressure in Children and Adolescents™'®. For adolescents
aged over 18 and 19 years, high blood pressure was
considered for systolic blood pressure > 140 mmHg and /
or diastolic blood pressure > 90 mmHg.

Independent variables

Peripheral (triceps skinfold), central (subscapular
skinfold) and general (triceps and subscapular skinfold)
adiposity was evaluated. Triceps and subscapular skinfolds
were collected using scientific Cescorf® adipometer
(Porto Alegre, Brazil). Measurements were performed
by evaluators certified by the International Society for
the Advancement of Kinanthropometry (ISAK) using the
same protocol'.

Peripheral and central adiposity was classified as
high from value corresponding to the 90th percentile of
the reference distribution for sex and age of the Centers
for Disease Control and Prevention (CDC) curve!''. Values
below the 90th percentile were considered as normal
adiposity. CDC curves have no reference values for
general body adiposity through skinfolds. However, this
study analyzed this variable according to Silva et al.'’,
considering with high general body adiposity adolescents
who simultaneously presented skinfold thickness values
in the triceps and subscapular region above the 90th
percentile'.

Control variables

Sexual maturation was self-assessed according to
criteria proposed by Tanner, composed of five development
stages for each secondary sexual characteristic (breast
and genital development)'s. The indication of stages was
performed by self-assessment after individual and prior
explanation of the instrument by the researcher, always
of the same sex as the adolescent. Students marked the
number corresponding to the stage they were in relation to

.
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breast development (female sex) and genital development
(male sex) after observing the corresponding photographs.
Stage 1 represents the infantile stage characterized as
pre-pubertal. Stages 2, 3 and 4 represent the maturation
process, categorized in this study as “pubertal” and stage
5 indicates the mature adult stage, classified as “post-
pubertal”16. Due to the low frequency of adolescents who
declared themselves as pre-pubertal (0.2%), this variable
was categorized into: “pre-pubertal / pubertal” and “post-
pubertal”.

The level of physical activity was verified using
the Youth Risk Behavior Surveillance System (YRBSS)
questionnaire developed in the United States, translated
and validated for Brazil'’. The following question was
performed: “During the past 7 days, on how many days
have you been physically active for at least 60 minutes a
day? (Consider the time you spent on any type of physical
activity that increased your heart rate and made your
breathing faster for a while). The response options were:
“No day”; “One day”; “Two days”; “Three days”; “Four
days”; “Five days”; “Six days”; “Seven days”. Adolescents
who practiced moderate to vigorous physical activity
seven days a week for 60 minutes or more were classified
as “physically active” and the remaining adolescents who
did not reach this recommendation were classified as “little
physically active™®,

Age was collected as a discrete quantitative
variable (full years) and used continuously, guaranteeing
the identification of specific aspects of each age due to
transformations from the adolescence phase. To define the
economic level, the questionnaire proposed by the Brazilian
Association of Research Companies was used, which
estimates the purchasing power of families'. Economic
level was characterized in a decreasing way according to
the purchasing power, accumulation of material goods,
housing conditions, number of domestic employees and
educational level of the family head. This variable was
dichotomized into “High” (“A1”; “A2”; “B1”; “B2”) and
“Low” (“C17; “C2”; “D”) economic level.

Statistical treatment

Analyses were performed stratified by sex.
Descriptive  statistics  (mean, standard deviation,
absolute and relative frequency) were used for sample
characterization. In inferential statistics, the independent T
test was used for continuous variables and the Chi-square
test for categorical variables with analysis of the Cohen’D
and Cramérs’ effect size. Binary logistic regression
was used to examine associations between outcome
(blood pressure, systolic and diastolic blood pressure)
and exposure (peripheral, central and general adiposity)
by estimating the odds ratio (OR) and 95% confidence
interval. In the adjusted analysis, all variables (age,
economic level, sexual maturity, level of physical activity)
were introduced into the model, regardless of p-value in
the crude analysis. The significance level was set at 5%.
Analyses were performed using the Statistical Package
for the Social Sciences software (IBM SPSS Statistics,
Chicago, United States), version 22.0.
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B RESULTS

Of the 1,132 students analyzed, 202 were
excluded from the analysis because they did not perform
anthropometric measurements, resulting in 930 students.
Female adolescents had higher mean SBP values compared
to male adolescents (p <0.01). Regarding skinfolds, female
adolescents had higher mean triceps and subscapular
skinfold values compared to male adolescents (p <0.01).
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Male adolescents had higher prevalence of high systolic

blood pressure when compared to female adolescents

(p <0.01). For the prevalence of central adiposity, no

significant difference between genders was observed;

however, female adolescents had higher prevalence of

peripheral (p <0.04) and general (p <0.01) adiposity when
compared to male adolescents (Table 1).

Table 1: Distribution of schoolchildren from state public schools in Sdo José, SC, Brazil, 2014.

Male (n=407) Female (n=523)
Variables Mean (SD) Mean (SD) p Cohen’D
Age (years) 16.26 (1.18) 16.16 (1.10) 0.15 0.08
Body mass (kg) 65.43 (12.07) 58.31 (11.32) 0.25 0.60
Systolic blood pressure (mmHg) 120.30 (12.03) 109.22 (9.70) <0.01 1.01
Diastolic blood pressure (mmHg) 65.40 (8.34) 65.20 (7.30) 0.69 0.02
Triceps skinfold thickness (mm) 10.80 (5.04) 18.86 (7.08) <0.01 1.31
Subscapular skinfold thickness (mm) 10.84 (4.87) 15.65 (7.26) <0.01 0.77

n (%) n (%) Cramérs

Systolic blood pressure <0.01 0.30
Normal 340 (40.2) 506 (59.8)
High 76 (81.7) 17 (18.3)
Diastolic blood pressure 0.29 0.34
Normal 370 (43.7) 476 (56.3)
High 46 (49.5) 47 (50.5)
Peripheral adiposity 0.04 0.40
Normal 391 (47.9) 426 (52.1)
Excess 49 (43.4) 64 (56.6)
Central adiposity 0.13 0.07
Normal 394 (48.6) 417 (51.4)
Excess 45 (38.5) 72 (61.5)
General adiposity 0.01 0.57
Normal 407 (48.1) 440 (51.9)
Excess 31(39.2) 48 (60.8)
Sexual maturation 0.37 0.01
Pre-pubertal/pubertal 380 (74.1) 423 (69.3)
Post-pubertal 133 (25.9) 187 (30.7)
Physical activity 0.43 0.01
Physically active 118 (29.3) 84 (18.6)
Little physically active 285 (70.7) 368 (81.4)

SD: standard deviation; %: frequency; n: number.

The crude analysis showed that male adolescents
with excess peripheral (OR: 1.37; 95% CI: 1.40; 4.71),
central (OR: 1.82; 95% CI: 1, 23; 2.83) and general
adiposity (OR: 1.37; 95% CI: 1.04; 2.88) were more
likely of having high blood pressure. In the age-adjusted
analysis, male adolescents were also more likely of having
high blood pressure when they had excess peripheral (OR:
1.51; 95% CI: 1.22; 4.66), central (OR: 1.81; 95% CI:
1.22; 2.93) and general adiposity (OR: 1.37; 95% CI: 1.47;
2.93). In the crude analysis, female adolescents with excess

peripheral (OR: 1.02; 95% CI: 1.38; 2.75), central (OR:
1.13: 95% CI: 1.45; 2.84) and general adiposity (OR: 1.47;
95% CI: 1.54; 4.02) were more likely of having high blood
pressure. In the adjusted analysis, female adolescents with
excess peripheral (OR: 1.03; 95% CI: 1.37; 2.82), central
(OR: 1.04; 95% CI: 1.40; 2.69) and general adiposity (OR:
1.41; 95% CI: 1.50; 3.93) were more likely of having high
blood pressure (Table 2).
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H DISCUSSION

The main findings of the present study were: 1)
Male adolescents with excess peripheral, central and
general adiposity were more likely of having high systolic
blood pressure; 2) Male adolescents with excess general
adiposity were more likely of having high diastolic blood
pressure; 3) Female adolescents with excess central and
general adiposity were more likely of having high diastolic
blood pressure.

The research presents that, male adolescents with
excess peripheral, central and general adiposity were
more likely of having high systolic blood pressure. Male
adolescents with excess general adiposity were more
likely of having high diastolic blood pressure. These
results corroborated other studies that associated males
with anthropometric indicators of obesity and high
blood pressure®’. A possible explanation is related to
excess central adiposity. The main physiological aspects
involved are: intra-abdominal fat increases the amount of
pro-inflammatory cytokines that can lead to high blood
pressure; excess sympathetic activity leading to increased
sodium reabsorption, causing increase in peripheral
vascular resistance and consequently in blood pressure®.
During sexual maturation, increased plasma testosterone
levels may contribute to a pro-hypertensive effect?’.

Female adolescents with excess central and general
adiposity were more likely of having high diastolic blood
pressure in the present study. A study conducted in the
United States of America in 2008 with children aged 7-12
years, which analyzed cross-sectional associations between
addition of sugar, and salt shown high consumption of
sugars was associated with high DBP, as well as high fat
percentage in females®. Another hypotheses is the age
of the subjects, given that isolated diastolic hypertension
is much more common in younger mostly in dealing of
overweight adolescents®. High diastolic blood pressure
levels represents a risk factor for cardiovascular disorders
when high systolic blood pressure exists simultaneously
though?®.

Even though is already known the cause of high
systolic and diastolic blood pressure is multifactorial,
overweight and obesity is the mainly risk factor for this
disease in adolescence, adulthood and elderly’. Body
fat distribution is more important than total fat mass to
determinate health hazards of excess adiposity. Other
studies in southtern Brazil shown prevalence of high blood
pressure and excess central adiposity in adolecents*%.
Manly excess central adiposity connotes accumulated fat
intra-abdominal around and inside vital organs and its
harmful to health in general. Physical activity, healthy
eating habits and sufficient hours sleep seem to be the
key to the prevention and treatment of risk factors such
as overweight and consequently high blood pressure and
cardiovascular diseases™*.
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The present study has the following limitations:
blood pressure levels were measured on a single
occasion. Following The Brazilian Guidelines on Arterial
Hypertension recommendations, national and international
studies that used two or more measures showed reductions
in blood pressure levels between the first and the third
measurement*’. The justification may be the effect of
regression to the average due to familiarization with
collection procedures, reducing anxiety in the second
moment’. Although systolic and diastolic blood pressure
values observed in the present study are susceptible to
overestimation, they are analogous to most epidemiological
studies that have used the same method allowing their
use as a reference of systemic arterial hypertension in
adolescents.

The doubly indirect method of skinfolds is
another limitation to be considered. Since there is a
team of evaluators and not only one for all collections,
there is possibility of systematic and random errors,
underestimating or overestimating the results. The dual-
energy X-ray absorptiometry (DXA) technique is shown to
be accurate for estimating body fat from the entire body or
segments®’. A survey of American adolescents aged 11-17
compared BMI and skinfolds vs DXA and the relationship
with cardiovascular risk factors, showing similar results
between the two techniques (anthropometry and DXA)*.
In addition, the skinfold method is validated for this type
of study and is easy to apply, with relatively low operating
cost compared to other techniques.

The cross-sectional characteristic  of  the
study, which does not allow establishing cause-effect
relationships, resulting in possible reverse causalities
between associations. Consequently, makes impossible to
confirm whether high blood pressure was before or after
exposure to the excess adiposity factor.

Positive points such as data collection in different
schools should be highlighted, providing greater
representativeness as well as standardized procedures
and training by the researcher team for data collection.
In this sense, actions relevant to healthy habits during
adolescence can be implemented in schools, reducing the
risk of hypertension in adulthood.

l CONCLUSION

It could be concluded that adolescents with excess
peripheral, central and general adiposity are more likely
of having high blood pressure. When presenting excess
central, peripheral and general adiposity, males were
more likely of having high systolic blood pressure and
more likely of having high diastolic blood pressure in the
presence of excess general adiposity. Female adolescents
with excess central and general adiposity are more likely
of having high diastolic blood pressure.
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Resumo

Introdugéao: o excessode adiposidade € umdos principais fatores de risco paradoengas cardiovasculares,
incluindo a hipertensao arterial. Criangas e adolescentes com obesidade e hipertensao apresentam
maiores riscos de morbidez e mortalidade na vida adulta.

Objetivo: analisar a associagcéo entre excesso de adiposidade periférica, central e geral com pressao
arterial (PA) elevada em adolescentes do Sul do Brasil.

Método: estudo transversal com 1.132 adolescentes (16,50 1,14 anos) de ambos os sexos. As
mensuragdes foram por método oscilométrico com esfigmomandémetro digital considerando como
PA sistolica (PAS) e PA diastdlica (PAD) elevadas, valores acima do percentil 95 para sexo e idade.
A adiposidade periférica (dobra cutanea do triceps) e central (dobra cutdnea subescapular) foram
classificadas em elevada a partir do percentil 90 da distribuicdo de referéncia do Centers for Disease
Control and Prevention. Para excesso de adiposidade geral foram consideradas a dobra cutanea
tricipital e subescapular acima do percentil 90, simultaneamente. Empregou-se regressao logistica com
nivel de significancia de 5%.

Resultados: adolescentes do sexo masculino com adiposidade periférica, central e geral elevada
apresentaram, respectivamente, 2,43 (IC95%: 1,14; 5,19), 3,50 (IC95%: 1,66; 7,41) e 2,47 (1C95%: 1,01;
6,18) vezes mais chances de PAS elevada. Adolescentes do sexo masculino com adiposidade geral
elevada apresentaram maiores chances de desenvolver PAD elevada (OR: 3,31; IC95%: 1,41; 7,70).
Adolescentes do sexo feminino com adiposidade central e geral elevada obtiveram 4,15 (1C95%: 1,97;
8,77) e 3,30 (IC95%: 1,41; 7,77) vezes mais chances de desenvolver PAD elevada, respectivamente.

Conclusao: adolescentes do sexo masculino com adiposidade periférica, central e geral elevada
tiveram mais chances de pressao arterial sistdlica elevada e presséao arterial diastdlica elevada quando
apresentavam adiposidade geral elevada. Adolescentes do sexo feminino com adiposidade central e
geral elevada apresentaram mais chances de presséo arterial diastolica elevada.

Palavras-chave: antropometria, doencgas cardiovasculares, fatores de risco.
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