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Abstract

Objectives: to evaluate the impact of a health program performed in a school setting on
the blood pressure levels of schoolchildren in the public school system in Vitoria/ES-Brazil.

Methods: a randomized community trial was performed with 237 schoolchildren (6 to 12
years) from two public schools, randomly defined as the intervention and control school.
Participants of the intervention group attended 11 education sessions over 4 months (July to
October 2014). To test for differences between groups, the chi-square (categorical variables),

and the paired t test or Wilcoxon (continuous variables) was used. The rate of variation of

systolic blood pressure (SBP) and diastolic blood pressure (DBP) throughout the follow-up,
according to allocation group, was evaluated using linear generalized models for time-
repeated measures.

Results: there was a reduction in the means of SBP (0.5 mmHg) and DBP (0.6 mmHg) in
the intervention group and an increase in the control group, with a significant difference in
the BP variation between groups over the follow-up period (p<0.05).

Conclusion: a low-cost and easily implemented intervention may be one of the factors
associated with the lowest blood pressure levels in the group studied, and reproduction in a
school environment is feasible.
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Introduction

Noncommunicable diseases (NCDs) are the leading
cause of death globally, and one of the major health
challenges of the 21st century. Particularly, cardio-
vascular diseases are currently the leading cause of
death and one of the greatest health challenges
worldwide. In 2016, NCDs were responsible for
71% (41 million) of the 57 million deaths that
occurred worldwide, of which 44% were due to
cardiovascular diseases.!

One of the most important risk factors for cardio-
vascular diseases is hypertension.2 The usual pres-
sure level above 115/75 mmHg is associated with a
progressive, linear, continuous and independent
increase in mortality from these diseases.3 Several
risk factors are involved in the development of
hypertension, including behavioural factors, such as
the high consumption of foods rich in salt and fat,
low consumption of fruits and vegetables, and phy-
sical inactivity, which are highly influenced by the
conditions of peoples’ lives.4

Although the prevalence of high blood pressure
(BP) is lower among children and adolescents
compared to adults, there is evidence that essential
hypertension begins to develop during the first two
decades of life, when pressure levels rise steadily.> A
study performed with a representative sample of
Brazilian adolescents showed the prevalence of
hypertension was 9.6%.6 According to a meta-
analysis, BP in childhood is associated with BP in
adulthood, so BP monitoring is important since
childhood to perform early interventions.” In this
context, school is a propitious place for conducting
health programs when students are in the learning
phase and is appropriate for the formation of atti-
tudes, values, and behaviours in addition to being a
suitable place for the formation of critical thinking
and autonomy for the development of healthy prac-
tices.8

It is already known that hypertension in children
is underreported and undertreated. In addition,
although few intervention studies have been done,
most have occurred in high-income countries and the
best performance was seen when diet was combined
with the practice of physical activity.9

Considering the scarcity of intervention studies
involving healthy eating and physical activity with
Brazilian children, the objective of this study is to
evaluate the impact of a health program conducted
in a school setting on the blood pressure levels of
schoolchildren in the public school system in
Vitéria/ES-Brazil.
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Methods

The present study is part of an intervention study
conducted at Municipal Schools of Primary
Education in Vitéria, Espirito Santo, Brazil. The
Health Center Region, chosen for this study, includes
five schools in the municipal education network,
totalling 450 students. Of these five schools, two
were selected and randomly assigned as either the
"intervention" or "control" school. All school-
children of both sexes enrolled in second to fifth
grade classes at these two schools were invited to
participate in the study.

All eligible participants needed an informed
consent form signed by the parents/guardians, and
an assent term signed by the child. The exclusion
criteria were any physical or mental impairment of
the student that would make data collection or
performing the activities impossible. The study was
conducted and reported according to the CONSORT
guideline for cluster-randomized trials.10

The final sample consisted of 237 students, of
whom 149 were from the intervention school, and 88
were from the control school. This sample size has a
power of 50% and a significance level of 10% to
detect a difference in DBP level of 1.5 mmHg. A
reduction of 0.5 mmHg was observed by
Angelopoulos et al.ll in adolescents after a school-
based intervention program.

Anthropometric and haemodynamic data were
collected from the schoolchildren by trained project
researchers in the school environment. A structured
questionnaire containing questions related to the
socioeconomic status, eating habits and physical
activity practices of the student was sent home to be
filled out by the parents/guardians of the students.
The data were collected at two time points in the two
schools (intervention and control), before and after
the educational actions. The first data collection was
in March 2014, and the last was in late October of
the same year. For the collection of anthropometric
data, the children wore a school uniform (light
clothing), without shoes and accessories.

To measure the weight, a Tanita® (BF-680W)
digital scale was used, with precision of 100 g and
capacity of 150 kg. Height was measured using a
Cardiomed® stadiometer with an accuracy of 1 mm
and amplitude of 200 cm. Both measurements were
taken with the pupil erect, with arms extended along
the body, looking at the Frankfurt plane, barefoot,
and wearing school uniforms. The BMI for age was
calculated using the WHO AnthroPlus® software.

To measure arm circumference, a Sanny® (TR-
4010) inextensible tape measure was used. It was



positioned around the arm, at the midpoint between
the acromion and the olecranon according to the
technique recommended by Cameron (1984).12

The outcome of this paper is blood pressure vari-
ation. The BP measurement was performed
according to the methodology established by the VI
Brazilian Guidelines for Hypertension,13 using the
Omron® (HEM-705CPINT) digital device. It was
calibrated, and the cuffs were appropriate for the
circumference of the left arm of each individual,
with an infant size for an arm circumference of 16 to
22 cm, and an adult size of 23 to 33 cm. BP was
measured at the school in a calm environment after 5
minutes of rest, and three measurements were taken
with an interval of approximately two minutes,
assuming a difference of up to 5 mmHg between
measurements. For a difference greater than 5
mmHg, three more measurements were taken. For
haemodynamic evaluation, all children had an empty
stomach and were without physical activity for at
least 60 minutes. During the examination, the
student remained seated with legs uncrossed, feet
resting on the floor, back resting on the chair and
relaxed, with arm raised at the height of the heart and
free of clothes, with palms facing upwards and
slightly flexed elbows. Participants were also
instructed not to speak during the measurements, and
before starting the first measurement, the entire
procedure was explained to the students to reduce
the alarm reaction. BP was measured in the morning
shift and the protocol was the same in the two
schools evaluated.

For the analyses, the first measurement was
discarded and the average of the other two valid
measurements was used. Data were analysed consi-
dering age, sex, and height percentile according to
the V Brazilian Guidelines for Hypertension.14 The
systolic blood pressure (SBP) and diastolic blood
pressure (DBP) of the schoolchildren was classified
as follows: normal, <90th percentile; borderline,
from percentile >90 to <95 or if BP >120/80 mmHg,
and elevated, >95th percentile, in order to describe
the studied sample.

Food consumption was measured using a food
frequency questionnaire, answered by the
parents/guardians of the students. To evaluate food
quality, the School Child Diet Index (SCD) was
used, as proposed by Molina et a/.,15 which is based
on the frequency of consumption of 15 food items
and the practice of eating breakfast. The SCD index
provides a positive or negative score for each
specific frequency of consumption and, after the
individual sum of scores, classifies the student's diet
into three categories: < 3 was low quality, between

School-based intervention program

>3 and <6 was intermediate quality, and >6 was
good quality.15

Physical activity and screen time among the
schoolchildren were measured using a questionnaire
validated by Fernandes et a/.16 for children. Screen
time was evaluated according to the sum of the daily
time spent with screen devices (television, video
game, and computer). A cut-off point of 120
minutes/day was used, which is the maximum time
recommended by the American Academy of
Pediatrics.17 The practice of physical activity was
quantified according to the sum of supervised phys-
ical activity time, active play, and active shift from
home to school and from school to home. For this
variable, a cut-off point of 300 minutes/week was
used, considering a minimum value of 60 minutes
daily recommended for children.18

The race of the schoolchildren was classified by
two interviewers of the project, and in case of diver-
gence in the classifications, a third researcher was
asked to evaluate. Skin color, hair shape, and facial
characteristics were taken into account to classify
the individuals as white, black, or brown (pardo).

The classification of socioeconomic conditions
was based on information provided by the question-
naire sent to the household according to the criteria
of the Brazilian Association of Research Companies
(2012).19

The intervention group went through educational
actions that occurred in the school, during class
hours, lasting 50 minutes and in the presence of a
teacher. The methodology used was that of group
workshops, with active participation of the students.

A total of eleven meetings were held every two
weeks from July to October 2014 (Table 1). We rei-
terate that the children at the two schools (interven-
tion and control) were the same to allow comparison
of the results.

The workshops were developed and carried out
by researchers of the project, including undergra-
duate students, nutritionists, and physical educators.
The proposed themes were based on promoting
healthy eating habits and encouraging physical
activity. This was based on Brazilian publication
related to healthy food and food education and nutri-
tion, such as the Food and Nutrition Education
Reference Framework for Public Policies.20 The
educational methodologies varied among the age
groups, respecting the autonomy of those involved
to make decisions for their health and collective
incorporation of the topics addressed. For the
youngest we adapted the actions in a playful way.
Educational reading material was also sent from
school to home for review by the family of the chil-
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Table 1

Intervention components, objectives, and methodology of the education actions.

Intervention components

Objectives

Methodology

1) Food preferences and relation with nutri-
tion

2) Identification of points of sale of food
near the school and the children’s homes

3) Diversity of fruits and vegetables and the
benefits of five colors (red, orange, green,
purple, and white)

4) Food labeling and TV advertising

5) Active play

6) Reviewing the benefits of the five colors
of fruits and vegetables

7) Fruit tasting

8) Assessment of the interventions

9) Identification of colleagues for playing
and physical activities

10) Identification of places for physical activity

11) Education actions review

To know the schoolchildren’s eating
habits and understand the nutrition
process

To know points of sale in the children’s
and the school’s neighborhood

To present and show the importance —
by means of interactive games - of the
benefits of colorful foods

To excite curiosity about reading labels
and warn about food ads, as well as
develop critical thinking

To encourage the practice of physical
activities and show that not much room
or resources are needed to exercise

To re-emphasize the benefits of regular
consumption of fruits and vegetables
through an analysis of their nutrients
based on the food's colors

To show the diversity of fruits and
encourage regular eating

To observe the changes/ effects of the
workshops

To collect reports of affection and
engaging in physical activity outside the
school

To know the places near the children’s
homes which were identified as poten-
tial places for playing

To recall and assimilate the education
actions review contents

Recording with words or drawings the foods they
like, do not like, and are good for health

Observation of the school and the children’s resi-
dence neighborhood, and recording what was
observed

Dynamic games with riddles relating to fruits and
vegetables

Reading food labels and showing advertisements
as well as test tubes with amounts of salt, sugar,
and fat as contained in the food consumed by
children

Series of playing (hopscotch, elastic, running with
balloons) and recalling of parents’ games during
the chat groups

Dynamic game of filling in posters with the
names of fruits and vegetables with each of the
five colors

Blind tasting and guess dynamics in which the
children tasted fruits that they usually eat and
other exotic fruits

Recording, with words or drawings, the food
preferences, the changes after the workshops,
and the foods they intend to try

Division of groups for running activities and
questions about affection

Division of groups for tracing the places available
for playing and physical activities close to their
homes

Chat panels and delivery of educational material
to be read with the family

968

dren and adolescents. After each educational action,
the students showed their satisfaction using a
hedonic scale.

Two lectures on diet were given to the partici-
pants in the control group, during 2014, lasting one
hour each. The objective of these meetings was to
maintain the link with the school and with the parti-
cipants of the research, using traditional expositive
methodology.

To describe the study variables, measures of
central tendency and dispersion for continuous vari-
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ables and percentages for categorical variables were
used. The Kolmogorov Smirnov test was used to test
the normality of variables, and the statistics were
calculated according to this result. For analysis of
the differences of proportions in qualitative vari-
ables, the chi-square test was used. For the conti-
nuous variables, the ¢-test and Wilcoxon’s test were
used to check for differences in paired samples. The
statistical significance level used was p<0.05 and the
analyses were carried out using the SPSS statistical
software, version 23.0.The rate of variation of the



systolic and diastolic blood pressure of the students
during the follow-up, according to allocation group
(intervention or control), was evaluated through
linear generalized models for time-repeated
measures, using the PROC MIXED procedure in
SAS version 9.4 (SAS Institute, Inc.) statistical soft-
ware. The main effect of the nutritional intervention
program was determined by the interaction term,
allocation group x time. The appropriate covariance
structure was tested for each analysis. The value of
p=<0.05 was adopted as significant.

The present study was approved by the Research
Ethics Committee of the Federal University of
Espirito Santo under protocol no. 242,848, registered
in the World Health Organization under UTN-
Ul11111553103 and registered in the Brazilian
Registry of Clinical Trials (Identifier RBR-4j9fxq).

Participation in the research was voluntary and
was confirmed by signing the informed consent form
by those responsible, and the assent term was signed
by the schoolchildren.

The children identified with high BP were
referred for medical evaluation by project collabora-
tors belonging to the municipal health service, and at
the end of the program (September), all students in
the control group went through the workshops
performed in the intervention group, thus providing
the same benefits to both groups.

Results

There were no sample losses during the follow-up
(Figure 1). There was no difference between groups,
for sex, age, school year, nutritional status, blood
pressure, quality of diet, physical activity level, and
screen time at baseline. A significant difference was
observed in race (41.6% of the intervention group
and 15.9% of the control school students were white)
(»<0.001) and in socioeconomic class (p<0.001)
(Table 2).

Mean values before and after the educational
actions are found in Table 3. There was a significant
increase in the means of weight, height, and BMI in
both schools after the intervention (p<0.001). There
was a reduction in mean SBP (0.5 mmHg) and DBP
(0.6 mmHg) in the intervention group, and a signifi-
cant increase of 1.8 mmHg in SBP and 2.2 mmHg in
DBP in the control group. There was a significant
reduction in screen time among intervention school
participants, a significant increase in both physical
activity level and SCD index in the control school.

The rate of variation of blood pressure over time
was different between students of the intervention
and control schools, both for SBP (p = 0.022) and

School-based intervention program

DBP (p = 0.001), with a decrease in the means of
SBP and DBP among participants in the intervention
group and an increase in means during follow-up in
the control group (Figure 2).

Discussion

In the present study, a school-based intervention may
be one of the factors associated with the lowest
blood pressure levels in the group studied. It was
observed that the proposal was effective, indicating
the importance of interventions based on the promo-
tion of healthy eating habits and the incentive to
engage in physical activity in the school environ-
ment.

Angeloupolos et al.,11 in a study conducted with
fifth-year schoolchildren in the city of Loannina,
Greece, carried out an intervention focused on over-
coming the barriers in accessing physical activity
areas, increasing the availability of fruits and vegeta-
bles, and increasing parental support. In this study,
an increase was observed in SBP and DBP in the
control group, and a reduction in the intervention
group. These authors attributed the favourable
effects on the BP of the intervention group to the
reduction of BMI, different from our study because
there was an increase in BMI in the two groups
studied. However, similar to another study, in both
schools, there was an increase in the means of
weight, height, and BMI when the two evaluation
time points were compared.2! The increase in
anthropometric indices was expected because the
students are in a growth and development phase. In
addition, the intervention program was short-lived,
and changes in nutritional status may need a longer
period of time to achieve benefits. Therefore, the
reduction of pressure observed in our study did not
occur through reduction of BMI.

Two recent clinical trials published in developed
countries, one with Spanish adolescents,2! and the
other with obese children in the United States,22 both
evaluated the impact of an intervention based on a
physical activity program focusing on promoting a
healthy lifestyle. In both studies, an improvement in
cardiovascular health was observed in the interven-
tion group, such as a decrease in blood pressure
levels.

An important aspect observed was the high
screen time among most schoolchildren, similar to
that found in the National School Health Survey
(PeNSE — Portuguese acronym), in which approxi-
mately 60% of the sample reported watching more
than 2 hours of television during a single day of the
week. When asked about the time spent sitting not
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Figure 1

Flowchart of the study.

Recruitment

2 randomized schools

Intervention School
8 classes from 2nd to 5th grade
(n=207)

First evaluation (March):
Participate (n= 149)
Did not participate (n=58)

Second evaluation (end of October):
Participate (n= 149)

Control School
8 classes from 2nd to 5th grade
(n=150)

First evaluation (March):
Participate (n= 88)
Did not participate (n=62)

Second evaluation (end of October):
Participate (n= 88)

Analyzed (n=149)

L 4
Allocation
Intervention
(July to October)
Analysis
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Table 2
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Distribution of participants, according to the allocation group, at baseline.

Variables Intervention School Control School p
n % n %

Sex 0.862
Male 66 44.3 40 45.5
Female 83 55.7 48 54.5

Age (years) 0.342
6 and 7 39 26.2 24 27.3
8and 9 58 38.9 41 46.6
210 52 34.9 23 26.1

Race/Ethnicity <0.001
White 62 41.6 14 15.9
Black 41 27.5 32 36.4
Brown 46 30.9 42 47.7

Socioeconomic class** <0.001
A and B 66 44.3 13 14.9
C 67 45.0 64 73.6
D and E 16 10.7 10 11.5

School year 0.561
2nd 36 24.2 23 26.1
3rd 36 24.2 22 25.0
4th 26 17.4 20 22.7
5th 51 34.2 23 26.1

Blood pressure 0.445*
Normal 144 96.6 84 95.5
Borderline and Elevated 5 3.4 4 4.5

Food quality** 0.110
Low quality 42 28.2 36 41.4
Intermediate quality 37 24.8 19 21.8
Good quality 70 47.0 32 36.8

Physical activity** 0.701
2300 minutes/week 129 86.6 73 83.9
< 300 minutes/week 20 13.4 14 16.1

Screen time** 0.857
< 120 minutes/day 24 16.1 15 17.2
> 120 minutes/day 125 83.9 72 82.8
BMI/Age (kg/m?2) 18.6 3.8 17.5 3.3 0.065

Data were expressed as n (%) for categorical variables and mean = SD for continuous variables.
Chi-square test. * Wilcoxon Test; ** One child from the control school did not have data for food quality, socioeconomic class, physical

activity, or screen time; BMI= Body Mass Index.

only watching television but also using other screen
devices, such as computers and video games, more
than 50% of students reported more than 3 hours of
sitting.23 In our study, we observed a significant
reduction in screen time among students in the inter-
vention group, a result already reported in another
study of our research group, which evaluated
students in the 7 to 10 age group.24 This reduction in
screen time contributed to a reduction, although not

significant, in blood pressure levels in this group; the
control group presented a significant increase in the
practice of physical activity, but there was no impact
on blood pressure. Both high screen time and phy-
sical inactivity are associated with deleterious health
effects, and although an individual may be physi-
cally active, physical activity may not compensate
for the adverse effects of prolonged exposure to a
sedentary lifestyle.25
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Table 3

Anthropometric, haemodynamic, physical activity, screen time, and food quality variables according to allocation group, before and after
interventions.

Intervention School p Control School P

Initial Evaluation Final Evaluation Initial Evaluation Final Evaluation

X + SD (Median) X + SD (Median) X + SD (Median) X + SD (Median)
Weight (kg) 35.7 £ 11.5 (33.2) 38.3 + 12.5 (35.6) < 0.001* 32.2 £ 9.6 (29.7) 34.4 +10.4 (31.1) < 0.001*
Height(cm) 137 = 11 (137) 140 = 12 (139) < 0.001 135+ 10 (135) 138 + 10 (137) < 0.001
BMI/Age (kg/m?) 18.6 + 3.8 (17.4) 19.1+4(17.9) < 0.001* 17.5 + 3.3 (16.3) 17.8 + 3.4 (16.8) < 0.001*
SBP (mmHg) 99.4 + 8.3 (99) 98.9 + 7.8 (99) 0.345 100.6 = 7.0 (100) 102.4 + 7.1 (102) 0.052
DBP (mmHg) 60.5 + 7.3 (60) 59.9 + 5.6 (60) 0.320* 60.3 + 6.2 (59.5) 62.5 + 6.1 (62) 0.002*
Screen time (min/day)** 295 + 154 (300) 261 + 152 (240) 0.010* 284 + 155 (270) 263 + 150 (270) 0.083
Physical activity (min/week)** 1.076 = 699 (950) 1.159 + 756 (990) 0.129* 1.120 £ 717 (1.010) 1.235+ 819 (1.130) 0.034
SCD index** 5.3+ 3.6 (5) 5.4 + 3.5 (5) 0.377* 4.4 +3.2(4) 5.4 + 3.29 (5) 0.001*

Data are presented as the mean + standard deviation (and median); Paired t-test; *Wilcoxon test; BMI= Body Mass Index; SBP= Systolic
blood pressure; DBP= Diastolic blood pressure; ** The data for one child from control school do not include food quality, socioeconomic
class, physical activity, or screen time; SCD = School Child Diet Index.

Figure 2

Variation of the modelled means of blood pressure over time, for the intervention and control groups.

SBP DBP
103 64
102 63
o 101 62
I =)
E 100 ==fff= Control :'E: 61 == Control
=@ Intervention ~ == Intervention
99 60
98 59
97 58
1 2 ! 2

SBP= Systolic blood pressure; DBP= Diastolic blood pressure; 1: Initial evaluation; 2: Final evaluation.
Generalized linear model adjusted for socioeconomic status; Time by Intervention/Control for SBP (0.022) and DBP (0.001).
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There was a difference in race and socioeco-
nomic class between intervention and control groups
at baseline. We chose to adjust the model by socio-
economic class because there were no relevant pres-
sure differences between ethnic groups during child-
hood26; however, the results remained even after
adjustment.

The means of the diet quality index between the
groups at both evaluation times were lower than 6,
lower values than found in Momm and Hofelmann.27

They used the same index with schoolchildren
from 6 to 11 years in Santa Catarina, and the average
was 6.97 points. Notably, there was a significant
increase in the mean of the SCD index in the control
school when the two time points were compared, but
it remained below that of the intervention school,
and there was no significant difference between the
two schools at the second evaluation point (data not
shown).

Eating behaviour during childhood is strongly
influenced by parents, and thus, interventions to
modify eating habits of children should involve their
relatives.28 In our study, the parents/guardians of the
students were invited to participate in events held at
the school outside of school hours, but the families'
adherence to the program was low. Oosterhoff et
al.,2% in a systematic review and meta-analysis to
assess the impact of school-based lifestyle interven-
tions on BMI and children's blood pressure, found
that parental involvement accentuated the beneficial
effects of interventions.

Some limitations were found in the study, such
as the teachers' strike in early 2014, which partially
modified the intervention schedule. This situation
was minimized shortly after the fast return of activi-
ties. Among the strengths of our study is the satis-
faction of the great majority of schoolchildren,
shown through the hedonic scale after the interven-
tions, the consistent participation throughout the
follow-up period — with no sample loss during the
study — and the construction and execution of work-
shops by several health professionals, providing the
exchange of knowledge. It is important to mention
that in Brazil, although food frequency question-
naires (FFQs) were developed and validated, the
present SCD index to evaluate the child diet quality
was a pioneer in the literature. If, on the one hand,
the use of a summarized FFQ shows advantages over
extended versions, on the other hand it may lead to
an underestimation of the consumption of some
foods, since it is necessary to group several foods of
frequent consumption under a single item. In the
case of children, this option may represent an advan-

School-based intervention program

tage, considering the possible protocol to be
followed with children in the age group studied.
Another limitation is the use of an index that only
aims to inform the frequency of food items, not
allowing quantification of portions of food or groups
of food consumed over a given period. Even with the
limitations of the index used to assess the child diet
quality, these are not a limitation of the study, since
food consumption data, although possibly not highly
accurate, was used to compare data from interven-
tion and control groups. In this way, the possible
error is evenly distributed between the groups.

In conclusion, the proposed intervention may be
one of the factors associated with the lowest blood
pressure levels in the group studied, and reproduc-
tion in a school environment is feasible. It should be
emphasized that intervention programs similar to
those developed in this study may aid in the deve-
lopment of public policies for the control and reduc-
tion of chronic diseases in the population of children
and adolescents.
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