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The World Health Organization (WHO) has identified
childhood obesity as one of the most serious public health
problems of this century. It is increasing among the pedi-
atric population at an alarming rate and is not limited to any
specific geographical area, but has a worldwide impact, espe-
cially in low- and middle-income countries and, more spe-
cifically still, those who live in towns and cities. The World
Health Organization has reported that the total number of
children and adolescents with overweight or obesity now
exceeds 340 million, of whom 83.33% live in developed or
developing countries.'?

This public health issue is present not only during child-
hood but extends through adolescence and into adult life,
provoking a series of health problems that later become ap-
parent. Among these, hypertension (HT) is the main risk
factor associated with obesity.2 The major problem with this
condition in young children is that it may remain undetected

and thus untreated, in the absence of signs and symptoms,
unless a specific search is performed in this respect.*>

The prevalence of childhood HT is growing exponentially,
influenced by environmental factors such as foods with high salt con-
tent, sedentary lifestyles, and poor-quality food.® The incidence of HT
is about 10.4% in well-nourished children, but when associated with
obesity or overweight, this can rise to 38% and 68%, respectively.”®

The correct diagnosis and treatment of childhood HT is
a crucial task in pediatric primary care. The importance of
using percentiles in statistical analysis to identify the pres-
ence of HT has been emphasized in various studies, since
this approach avoids the misclassification of children who
are at the extremes of growth.2 In childhood, HT is defined
as being present when systolic and/or diastolic blood pres-
sure (BP) is greater than or equal to the 95th percentile for
age, sex, and height, on three or more occasions.!
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Recent studies have argued that HT may not only provoke
metabolic and chronic diseases, but can also affect other bi-
ochemical parameters, such as cortisol (and therefore the pi-
tuitary—adrenal axis) and uric acid, regardless of the lifestyle
modifications the individual may make. HT is also associ-
ated with worse results in neurocognitive tests of memory,
attention, and executive functions.?2 The early detection of
these parameters in the pre-HT stage can facilitate the eval-
uation of coronary risk in adolescents.13-15

In Spain, high values of childhood HT have been re-
corded, and the incidence of obesity is increasing. The clin-
ical outlook on BP at early ages has changed in recent years,
following its regularization and with better knowledge of
“normal” values, which vary during growth and develop-
ment. These changes make it possible to detect high BP,
whether or not clinical symptoms are visible.

AIMS

To assess the influence of programs of physical activity
and of nutritional information on the BP of children who
are overweight or obese.

METHODS
Study design and sample selection

This study is based on a randomized clinical trial carried
out in Granada (Spain) from October 2015 to June 2016. The
children who comprised the study sample were recruited in
the pediatric consultations of 12 health centers and in the
endocrinology consultations of the University Hospital
Complex of Granada. In all cases, informed consent was
obtained from the children’s parents or guardians. This study
is registered at https://www.clinicaltrials.gov (identifier
NCT02779647).

The sample size calculation is for estimating a propor-
tion. To achieve a power of 80.0% to detect differences in
the contrast of the null hypothesis Ho: p1 = p2 by means of
a McNemar test for two related samples, taking into account
that the level of significance is 5%, and assuming the % of
children with AHT is 80%, and that after the intervention,
this figure will be reduced approximately to 40%, based on
the study of Alvarez et al.,” it will be necessary to include
22 pairs of subjects in the study. The sample is increased by
20% due to possible loss of follow-up. Accordingly, this study
was conducted with a sample consisting of 108 children, all
of whom were overweight or obese. These children were di-
vided into two randomized groups: intervention group (IG)
and control group (CG), each with 54 children.

In this study, overweight and obesity are defined as being
present when the body mass index (BMI) is higher than the
respective cut-off points established by the International
Obesity Task Force, for children and adolescents, by age and
sex. For boys aged 10.65 years—the mean age in our study
sample—the condition of overweight corresponds to BMI of
20.20-24.57 and obesity is present at higher values of BMI.
For girls of the same age, overweight corresponds to BMI of
22.30-24.77 and obesity, to higher values.

Randomization

The sample allocation was randomized, following a prob-
abilistic technique, without replacement, whereby each chil-
dren who arrived at the health center and met the inclusion
criteria was assigned a ticket bearing a serial number, by the
researcher responsible for recruitment. All these tickets were
placed in a large container, from which the principal inves-
tigator of the clinical trial extracted 54, which were assigned
to the IG. The following 54 numbers were assigned to the
CG.

Intervention

The intervention examined in this study consisted of a
program of games-based physical activity, with four 90-min
sessions per week during the 9 months of the school year.
The total of sessions was 144, the minimum number of ses-
sions to consider valid that a child has completed the in-
tervention was 115 (80%). In parallel, theoretical—practical
sessions on nutritional advice were given twice-monthly to
all children (1G and CG) and their families.

Physical activity

The physical activity consisted of playful, noncompetitive
sessions, in which the main goal was that the children should
enjoy them. All these sessions were structured into three
parts: warm up, main activity and cool down. Taking into
account the children’s needs, they rested for 5 min every half
hour, and drank liquids. The main element of the physical
activity session consisted of games and sports appropriate
to their capacities, all with a largely aerobic component and
involving little jumping. During the first few weeks, all the
sessions were chosen by the sports personnel, but later the
children took turns in choosing the games they wanted to
play. Thus, different games and sports were learned, and the
children could decide for themselves which activities were
enjoyed the most, which encouraged participation and com-
mitment to the physical activity program.

Measurement instruments

Clinical history The clinical history is composed of the
child’s personal data, family history, sociodemographic data,
level of physical activity, and nutritional assessment.

Body composition Body composition was determined
by bioelectrical impedance, using the validated InBody
720 machine. This method measures body composition by
quantifying the content of water, proteins, fat, and minerals
in the human body.

Blood pressure Blood pressure was measured with the
OMRON M3 tensiometer, based on IntelliSense technology.
This instrument only inflates when necessary to obtain each
measurement. In addition, it is capable of detecting car-
diac arrhythmias. The instrument has sensors for adjusting
the cuff and for body movement. It is clinically validated
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according to the European Society of Hypertension
International Protocol.

Ethical questions

Before starting this investigation, a project was drafted
and presented to the Granada Research Ethics Committee
(CEI Granada, Spain) for approval.

It is the researchers’ responsibility to ensure respect for the
privacy and wellbeing of patients participating in a research
study. The present study was conducted in full compliance
with the ethical standards proposed by the Research and
Clinical Trials Committee in the 1964 Helsinki Declaration
(reviewed in Fortaleza, Brazil, 2013).

Statistical analysis

A descriptive analysis was performed of the main study
variables. Quantitative variables are described by the mean,
the standard deviation, the median, and the percentiles, and
qualitative ones by percentages. The effectiveness of the in-
tervention and the change in the variables (such as weight,
height, and BMI) and in the quality of life were tested by
the Student t test or the Wilcoxon test for related samples,
according to the normality or otherwise of the distribu-
tion of the variables. The association between qualitative
variables was examined by the Pearson chi-square test or
Fisher’s exact test. The level of significance assumed was
P < 0.05. To analyze the change in time of BP values per
group, repeated measures analysis of variance has been used,
time is considered as an intrasubject factor, the group as an
intersubject factor, and the interaction between both. All
data were analyzed using SPSS v.19 statistical software.

RESULTS

The flow chart in Figure 1 shows the process applied in
selecting the study sample. Out of the 108 people who ini-
tially met the inclusion criteria, five participants dropped
out of the program claiming a lack of interest in the per-
formance of physical exercise and did not complete the
intervention. Data from five people were not included
in the final analysis, because of not having attended 80%
of the scheduled sessions because of health problems.
Therefore, adherence to the program stood at 90.8% (98
out of 108).

The characteristics of the sample (52 boys and 46 girls) at
the beginning of the study. The following mean values were
obtained: age 10.43 + 1.35 years; weight 65.60 + 16.07 kg;
height 150.15 + 11.01 cm; BMI 28.28 + 3.84.

Table 1 shows the absolute values obtained for systolic
and diastolic BP, before and after the intervention. Here, it
can be seen that in the IG, BP and body fat values decreased
significantly (P < 0.001), while in the CG, body fat and BP
increased significantly (P <0.001).

We examined the prevalence of high blood pressure in
the study sample and the effect produced by physical ac-
tivity. To do so, the following cut-off points for BP were es-
tablished, in line with the recommendations of the Spanish

Paediatric Association with respect to percentiles of children.
Percentiles <90 were taken to represent normal BP; 90-94
represented high BP, and =95 represented arterial HT .11

Table 2 show the systolic and diastolic BP of the children,
by percentiles. At the outset, the IG presented an average
percentile of systolic BP of 95.86, which decreased to 79.71
following the intervention. The corresponding figures for the
CG were 94.33 and 96.04. For diastolic BP, the initial and
final values obtained were 90.86 and 76.92 for the IG, and
87.18 and 91.82 for the CG.

For systolic BP, the differences between the preintervention
and postintervention periods were statistically signifi-
cant (P < 0.001). Intergroup differences were also signifi-
cant (P < 0.001). The systolic BP decreased in the IG and
increased in the CG. For diastolic BP, the preintervention
and postintervention differences were not statistically signif-
icant (P = 0.052), but the intergroup differences were sig-
nificant (P < 0.001). Diastolic BP decreased in the IG and
increased in the CG.

Table 3 shows that in the I1G, preintervention, 85.7% of the
children had high BP, but after the practice of physical ac-
tivity this level had fallen significantly (P = 0.001), to 26.3%.
In the CG, however, while 77.6% of the children had high
BP at the outset, this figure actually increased to 81.6% by
the end of the study period. Although it was not statistically
significant (P = 0.572), this increased prevalence of high BP
had clinical repercussions.

DISCUSSION

The results obtained show that excess body fat is asso-
ciated with childhood HT. These results are in line with
those reported by Naves da Silva et al. who concluded that
schoolchildren with obesity and, especially those with ab-
dominal obesity, had a greater probability of being hy-
pertensive.'® Another study, by Moreira et al. with 1,716
adolescents, found that obesity was significantly associated
with HT.2 Another large study corroborating these results
was conducted by Jia et al., who analyzed a sample of 5,465
children and recorded a strong correlation between obesity
and childhood HT.?°

The prevalence of HT in the study sample was 77.19%,
meaning that a large number of overweight or obese children
have very high BP at an early age. These results are similar to
those obtained by Kolpa et al., who reported that in a sample
of 1,093 children aged 10 years, 59.3% of those with obesity
also had HT, a value close to the one obtained in the present
study.?! However, the latter results differ from those found in
a very similar study by Wirix et al., according to whom the
prevalence of HT in obese children was only 33%.22

Our study results show that physical activity is an effec-
tive means of reducing HT in children who are overweight
or obese. According to the percentiles for their age, height,
and weight, 57.7% of the children with HT at the beginning
of the study had reduced their BP by the end of the study
period to values considered normal. These findings coin-
cide with those reported by Alvarez et al.?® In this respect,
too, important conclusions were drawn by Lobstein et al.
regarding the current situation of obesity and overweight,
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Figure 1. Sample selection flow chart.

worldwide. According to these authors, the measures being
taken to reduce obesity and childhood HT will probably not
be effective, and in consequence their incidence will rise
alarmingly in the near future. This study highlights the im-
portance of undertaking interventions based on promoting
physical activity by children.

Finally, the present study establishes percentiles of BP
by age, height, and weight as an effective measure of HT
among children.?5 In this investigation, the indications of
the Spanish Association of Pediatrics'! were followed, but

D
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other, comparable studies, such as Zhang et al. and Garcia-
Espinosa et al., have also shown the use of percentiles to be
effective in identifying and measuring HT in children.?627
Percentiles were also used in an investigation by Bancalari
et al., where obesity was related to HT.? The latter study
supports our results, since the sample was of the same age
and obese children had 10 times more HT than those with
normal weight. The cut-off points that we established for
normal BP and HT were the same as those used by Saury-
Paredes in a similar study.?°



Table 1. Blood pressure (mm Hg), before and after the intervention, in the IG (n = 49) and the CG (n = 49)

Preintervention Postintervention Group Time Time*group
(Mean + SD) (Mean £ SD) ® [ [
Systolic BP 0.050 0.010 <0.001
(€] 128 £ 9.19 124.69 £5.72
CG 129.72 £12.78 131.16 £12.24
Diastolic BP 0.085 0.001 <0.001
[€] 77.26 +7.67 72.77 £4.97
CG 77.00 £ 9.62 78.41 £ 8.70
Fat (%) 0.823 0.160 <0.001
Gl 41.91 £ 6.24 38.50 * 6.62
GC 38.64 £5.82 41.25+4.93

Abbreviations: BP, blood pressure; CG, control group; IG, intervention group.

Table 2. Percentiles of systolic and diastolic blood pressure, preintervention and postintervention, in the IG (n = 49) and the CG (n = 49)

Preintervention Postintervention Group Time Time*group
(Mean £ SD) (Mean + SD) P P P

Percentiles systolic BP <0.001 <0.001 <0.001

IG 95.86 + 6.50 79.71 £ 10.77

CG 94.33 +8.38 96.04 +7.83
Percentiles diastolic BP 0.008 <0.001 <0.001

IG 90.86 + 7.65 76.92 +11.09

CG 87.18 £ 14.35 91.82 + 11.06

Abbreviations: BP, blood pressure; CG, control group; IG, intervention group.
Table 3. Prevalence of HBP preintervention and postintervention by BP percentiles

IG (n = 49) CG (n = 49)
Pre Pre Post

Normal 6 (12.2%) 37 (75.5%) 10 (20.4%) 7 (14.3%)
Normal/Hi 1 (2%) 4 (8.2%) 1 (2%) 2 (4.1%)
Hypertension 42 (85.7%) 8 (16.3%) 38 (77.6%) 40 (81.6%)
P <0.001 0.572

Abbreviations: BP, blood pressure; CG, control group; IG, intervention group; HBP, high blood pressure.

CONCLUSIONS

An intervention based on physical activity and nutritional
recommendations is shown to be effective in reducing HT in
children who are overweight or obese. However, nutritional
recommendations alone are not sufficient; the element of
physical activity is necessary.

Childhood obesity is a major problem, associated with
numerous comorbidities. Children who are overweight or
obese often have very high BP, which can provoke many ad-
verse effects at a later age.

To determine HT in children, it is necessary to study the
percentiles for this condition according to age and height,
in order to establish whether the systolic and diastolic BP

values observed can be considered as representing normal
BP or HT for each case. In our study, the percentiles of
systolic and diastolic BP were used, in order to avoid any
misclassification of children who are at the extremes of
normal growth.

Children’s lifestyles are fundamentally created by their
families, who are very largely responsible for achieving the
health changes needed by children with overweight or obe-
sity. For health-oriented interventions to be effective, the
family must be included, since it is the parents who are in
a position to continue promoting a healthy lifestyle, every
day. If this can be done, the rebound effect, which is very
frequent in interventions to reduce overweight and obesity,
may be avoided.
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