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ABSTRACT

Introduction. Obesity is the main risk factor for
arterial hypertension and isassociated withahigher
morbidity, both in the short and long term.
Objectives. To compare anthropometric and
blood pressure indicators in terms of the
nutritional status, to verify the relationship
between nutritional status and blood pressure,
and to establish the prevalence of hypertension
in terms of the nutritional status in both male
and female adolescents.

Methods. Cross-sectional, descriptive study on
499 adolescent students aged 11-15 years old.
Weight, height, body mass index (BMI), fat
percentage, and blood pressure were measured
and assessed. The BMI was used to classify
participants (normal weight, overweight,
obese), and the prevalence of hypertension
was determined using values above the 95
percentile.

Results. As per the BMI classification, 81% of girls
and76.5% ofboyshad normal weight, 15.7% of girls
and 15.5% of boys were overweight, and 3.3% of
girls and 8% of boys were obese. As per the blood
pressureclassification, hypertension was observed
in 6.4% of boys and in 9% of girls. A relationship
was found between nutritional status and blood
pressure (boys: c= 53.48; girls: c= 85.21).
Conclusion. Overweight and obese adolescents
had more body fat and a higher blood pressure
than normal weight adolescents. Also, a
relationship was determined between nutritional
status and blood pressure in both male and
female students. The higher the BMI, the higher
the prevalence of hypertension.

Key words: overweight, obesity, blood pressure, body
mass index, adolescents.

INTRODUCTION

Nutritional status refers to the
situation a person is in relation to
food intake and to the physiological
adaptations that take place following
nutrient consumption. The objective
of assessing nutritional status
is to determine growth and body
proportions of an individual or a
community so as to establish whether
interventions are required.

During the growth and development
stage, it is necessary to perform regular

evaluations of the nutritional status.
In fact, adolescence is particularly
characterized by being a critical period
of intense biological, psychological
and cognitive changes.?In this stage,
the main nutritional problems
affecting adolescents are malnutrition,
underweight, overweight, and obesity.
In general, malnutrition reduces work
capacity, resistance to physical stress
and the ability to focus, and overeating
predisposes to chronic conditions,
including diabetes and cardiovascular
disease.?

At present, South America is
going through a demographic and
epidemiological transition. Some
studies have highlighted that this
region of the continent has gone from
a high prevalence of low weight and
growth disorders to a marked increase
in obesity that accompanies chronic
conditions.*In fact, Peru is at a stage of
nutritional transition,’and it is therefore
necessary and critical to study the
changes in the nutritional profile of
Peruvian children and adolescents
given that overweight increase has
been continuous in developing and
developed countries,’including Peru.”

Currently, blood pressure is one of
the clinical outcome measures used to
evaluate cardiovascular risk and can be
easily measured in the school setting,®
therefore enabling the detection of
arterial hypertension at an early age,’
given that obesity is the main risk factor
of this condition'” among children and
adolescents. Obesity is associated with
a higher morbidity, both in the short
and long term' and, above all, it is
considered a public health problem.'

In this context, no studies
have been conducted to assess the
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nutritional status and blood pressure of Peruvian
children and adolescents. For this reason, it is
necessary to describe such outcome measures
in urban schools because, over the past years,
there has been greater interest in knowing the
prevalence of overweight and obesity and in
establishing the prevalence of hypertension at
an early age. Based on this, the following are the
study objectives: a) to compare anthropometric
and blood pressure indicators in terms of the
nutritional status, b) to verify the relationship
between nutritional status and blood pressure,
and c) to establish the prevalence of hypertension
in terms of the nutritional status in both male and
female students.

METHODS

This is a cross-sectional, descriptive study. The
sample consists of male and female adolescent
students aged 12-15 years old. Adolescents were
selected in a non-probabilistic (accidental) fashion.
All students attend the Liceo Naval Contralmirante
Lizardo Montero, located in the district of San
Miguel (Lima). This is one of the 43 districts in the
province of Lima; it is part of the urban area, mostly
residential and a major metropolitan commercial
center.

All adolescents whose legal tutors and/or
parents had signed the informed consent letter and
who attended the school on the assessment day
were included in the study. Students who had some
physical or motor impairment, were underweight,
were receiving medications and those who did not
complete the informed consent form were excluded.

Place of birth was checked as per birth
certificates provided by the school authorities.
The study was approved by the Research Ethics
Committee of the Centro Médico Naval-2006
(Lima, Peru).

Procedures and techniques

Data were collected by means of a direct
interview. All data (student ID code, age, sex,
anthropometric outcome measures and blood
pressure values) were recorded in an individual
evaluation file.

The decimal age of each studied student was
determined by recording the date of birth (day,
month, year) and the date of the anthropometric
assessment (day, month, year), and using a record
table.

For the assessment of anthropometric outcome
measures, the standards and recommendations of
the International Society for the Advancement of

Kinanthropometry (ISAK) were used, which have
been described and detailed by Ross and Marfell-
Jones." The studied anthropometric measures
were:

* Body mass (kg): measured with a Tanita di-
gital scale, with a 100 g precision and a range
from 0 to 150 kg.

* Height (m): measured using a Seca aluminum
stadiometer graduated in millimeters with a
range from 0 to 2.50 m.

e Tricipital and subscapular skinfold thickness
(mm) was measured following the natural
cleavage lines of the skin with a Harpenden
caliper at a constant standard pressure of
10 g/mm?

Weight, height and skinfold anthropometric
outcome measures were assessed by two of the
study authors, who have a broad experience in
the field and a level III ISAK certification. Intra-
evaluator technical error of measurement (TEM)
ranges from 1% to 3%.

Body mass index (kg/m?) was measured to
establish the relationship between weight and
height using the Quetelet index: [BMI= weight
(kg)/height (m)?. Nutritional status was
established based on the BMI as per age and
sex. Cut-off points were determined according
to the CDC-2000,"*and were as follows:
underweight < p5; normal weight from p5 to
p85; overweight from p85 to p95; and obese > p95.

The percentage of body fat (%F) was
determined by the regression equation proposed
by Boileau, et al:*®

%F=1.35 (TR + SS) - 0.012 (TR + SS) 2 - 4.4 for
boys.

%F=1.35 (TR + SS) - 0.012 (TR + SS) 2 - 2.4 for
girls.

Blood pressure (BP) was determined based on
the Pan American Health Organization (PAHO)
recommendations;'®values were recorded
after at least 10 minutes at rest. A mercury
sphygmomanometer and a stethoscope (Riester)
were used to measure BP with the subject sitting
on a chair, with the back against the back of
the chair, feet resting on the floor and the right
arm with no clothes on and reaching out over
a table (at the level of the heart). Systolic blood
pressure (SBP) and diastolic blood pressure
(DBP) were recorded as per Korotkoff’s phase I
and V sounds. According to the National High
Blood Pressure Education Program Working
Group on Hypertension Control in Children and
Adolescents,'” values above the 95" percentile
were considered arterial hypertension. BP



assessment was conducted by one of the authors,
who is a highly experienced nurse. BP was
measured twice, with a TEM below 4%.

Statistical analysis

Data normality was verified using Shapiro-
Wilk’s test. Results were analyzed applying
the following descriptive statistics: arithmetic
mean, standard deviation (SD), frequency and
percentage. Differences between sexes were
obtained using the t test for independent samples.
The relationship among outcome measures was
established using a chi-square test (x2) for each
sex. Differences among age, anthropometric
outcome measures and BP as per the nutritional
status were compared using a two-way analysis
of variance (ANOVA). A value of p < 0.05 was
used in all statistical analysis.

RESULTS

The sample consisted of 251 male students and
248 female students.

The overall characteristics of studied students
are presented in Table 1. Boys have a higher body
weight and height when compared to girls, who
in turn have a higher body fat percentage than
boys. In addition, in terms of nutritional status,
male students have a higher prevalence of obesity
and hypertension than their female counterparts.

Mean =+ SD values for anthropometric outcome
measures and blood pressure in male and female
adolescents in terms of their nutritional status
are presented in Table 2. Significant differences
were observed in the normal weight, overweight

Table 1. General characteristics of the studied sample

Nutritional status and blood pressure in adolescent students

and obese categories for every anthropometric
outcome measure and for systolic blood pressure.
No significant differences were found in relation
to diastolic blood pressure among male and female
adolescents in the normal weight and overweight
groups; however, differences were observed among
these and the obese group.

In general, the age and height outcome
measures showed no differences between males
and females when classified by nutritional status.

The relationship between nutritional status
and blood pressure is presented in Table 3. Results
indicate that there is a relationship between these
two outcome measures both in boys and girls
(boys: x2= 53.48; girls: x2= 85.21).

In relation to the prevalence of arterial
hypertension, results show that 6.4% of boys and
3.6% of girls have this condition. In both sexes,
the prevalence of hypertension increases with
each nutritional status category, for example, the
presence of hypertension increased from 1.2%
(normal weight) to 3.2% (obese) among the boys,
while it raised from 0.4% (normal weight) to 2%
(obese) among the girls. In general, the prevalence
of hypertension was higher in boys than in girls.

DISCUSSION

Although the study anthropometric data
show a clear sexual dimorphism (males are taller
and heavier than females), systolic and diastolic
blood pressure values did not show significant
difference between sexes. These results are
consistent with those of other studies'®" which
describe similar values in male and female

Outcome measures Boys (n= 251)

Girls (n= 248)

X SD X SD
Age (years) 13.3 0.9 13.3 1.0
Weight (kg) 52.4 9.4 50.2 8.2*
Height (cm) 159.5 8.5 154.3 5.4*
BMI (kg/m?) 20.5 2.8 21.0 29
Fat percentage (%F) 19.9 72 28.0 5.3*
Systolic blood pressure (mmHg) 104.2 14.1 102.2 124
Diastolic blood pressure (mmHg) 64.9 8.2 63.1 10.8
BMI classification n Y% n %
Normal weight 192 76.5 201 81.0
Overweight 39 15.5 39 15.7
Obese 20 8.0 8 3.3
BP classification
Normotensive 235 93.6 239 96.4
Hypertensive 16 6.4 9 3.6

BML: body mass index; BP: blood pressure (>p95); SD: standard deviation; *: significant difference in relation to boys (p < 0.05).
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TABLE 2. Mean values (+ SD) of anthropometric and blood pressure indicators, classified as normal weight, overweight and

obese as per the BMI
Outcome measures Normal weight Overweight Obese
X SD X SD X SD
Boys (n=251)
Age (years) 13.37 0.90 13.21 0.88 13.15 091
Weight (kg) 49.34 7.17 60.37 7.23° 65.60 11.38**
Height (cm) 159.58 8.21 160.77 8.33 157.00 11.00
BMI (kg/m?) 19.29 1.70 23.26 0.83° 26.53 1.60**
Fat percentage (%F) 17.45 5.66 25.76 6.19° 31.98 1.35%
Systolic blood pressure (mmHg) 102.97 14.95 106.28 10.36° 112.00 8.12°,
Diastolic blood pressure (mmHg)  64.56 8.11 64.49 8.46 69.25 7.12%0
Girls (n=248)
Age (years) 13.41 0.99 12.87 0.79 12.75 0.83
Weight (kg) 47.83 6.19 58.55 6.58° 68.63 8.59%0
Height (cm) 154.25 5.28 154.36 5.86 155.13 6.62
BMI (kg/m?) 20.06 2.03 24.49 1.38° 28.46 2.84,
Fat percentage (%F) 26.76 5.07 29.07 1.822 33.13 2.76%0
Systolic blood pressure (mmHg) 102.00 12.34 105.62 13.10* 110.63 7.26*0
Diastolic blood pressure (mmHg)  62.31 8.35 63.90 18.50 68.75 10.530

a,b: significant difference (p< 0.05); a: significant difference from the normal weight category;
b: significant difference from the overweight category; BMI: body mass index; SD: standard deviation.

TaBLE 3. Relationship between nutritional status and blood pressure in adolescents

Categories Normal weight Overweight Obese Total
Boys
Normotensive 189 (75.3) 36 (14.3) 10 (4.0) 235 (93.6)
Hypertensive 3(1.2) 5(2.0) 8(3.2) 16 (6.4)
Total 192 (76.5) 41 (16.3) 18 (0.2) 251 (100
Girls
Normotensive 188 (75.8) 48 (19.4) 3(1.2) 239 (96.4)
Hypertensive 1(0.4) 3(1.2) 5(2.0) 9 (3.6)
Total 181 (75.3) 51 (20.6) 8(3.2) 240 (100)

Boys: %2 = 53.48 (p < 0.0001); girls: x2 = 85.21 (p < 0.05).

adolescents.

Comparisons among anthropometric and
blood pressure indicators in terms of the nutri-
tional status evidenced significant differences
among the nutritional categories (normal weight,
overweight and obese) in both sexes. As expected,
these findings indicate that overweight and obe-
se adolescents have higher values of weight, BMI
and fat percentage; at the same time, they show
elevated mean blood pressure values when com-
pared to normal weight adolescents.

In this sense, it is worth noting that several
studies have determined such differences in
children®* and adolescents*** who were classified
as overweight and obese as per anthropometric
indicators, and who are characterized by
having higher values of central body fat, waist
circumference and BMI, and who also showed
higher blood pressure values. This clearly is part

of the urban reality of Lima, where values were
relatively similar to those obtained in the other
mentioned studies.

In general, research has demonstrated that
children and adolescents with high blood
pressure are more prone to developing arterial
hypertension as adults.** Excess weight and
body fat during growth are associated with high
plasma levels of insulin, lipids and lipoproteins;®
as a result, health risks are higher and force
governments to adopt strategies aimed at
controlling the obesity epidemics.

A significant relationship was found between
nutritional status and blood pressure. These
study findings are consistent with those of other
studies,** although the criteria applied to define
high blood pressure and establish nutritional
status categories may not have been the same.
However, using the BMI in our study has allowed



us to establish that BMI is an adequate indicator
which can be used to identify a risk factor for
hypertension in male and female adolescents.
Actually, the prevalence of arterial hypertension
in our study increases with each nutritional status
(normal weight, overweight, obesity). A higher
prevalence was observed in male and female
obese adolescents, and it is relatively higher in
boys (3.2%) when compared to girls (2%).

Some international research conducted in
adolescents showed a higher prevalence of
hypertension'”* than this study, although the
prevalence of hypertension during childhood
and adolescence is not clearly defined; in general,
studies estimate that between 1% and 4% of
the pediatric population have hypertension,**
and these values may differ based on age, sex,
height, race, eating habits, physical activity
and geographic conditions. In fact, the exact
prevalence of hypertension in the pediatric
population worldwide is still unknown,* although
Muntner, et al.*? consider that hypertension rates
have increased over the past years in children.

Therefore, a regular and systematic blood
pressure assessment of pediatric patients is
a critical tool for the early detection of this
condition, which is the leading cause of premature
death in adults worldwide, including developed,
developing and underdeveloped countries.®
In addition, it is worth noting that no other
national study has been conducted that would
allow us compare and better analyze our results,
although this is an early evidence of the presence
of hypertension in Peruvian adolescent students.

These study findings are consistent with those
in previous studies,** where obese subjects were
found to be more prone to hypertension than thin
subjects. Besides, several risk factors have been
associated with lifestyle,” such as lack of physical
activity and eating disorders.

To sum up, the growing number of obese
children and adolescents worldwide, particularly
in Peru,” will probably call for higher costs to
prevent obesity-associated conditions.

Basically, our study has some limitations.
For example, the sample was selected in a non-
probabilistic fashion, which does not allow to
generalize results to other contexts and limited
the studied sample. Also, not having included
physical activity and eating habits as primary
parameters may lead to bias in our results because
if such outcome measures had been included,
it would have allowed us to better discuss our
findings considering that physical activity is

Nutritional status and blood pressure in adolescent students

essential for children and adolescents to have
adequate physical performance and eating habits.

Dietz ¥*believes that, in the end, adolescents
fulfill their energy requirements with foods high
in saturated fat, sugar and sodium, which are
harmful for their health at an early age.

CONCLUSIONS

Based on our results, it has been determined
that overweight and obese adolescents have
more body fat and a higher blood pressure than
normal weight adolescents. Also, a relationship
was established between nutritional status and
blood pressure in both male and female students.
The prevalence of hypertension was higher as
the body mass index increased. Establishing the
BMI value and measuring blood pressure should
become a routine approach in regular pediatric
checkups throughout growth. B
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