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Overweight and Blood Pressurein Pre-Pubertal Children: A Longitudinal Study
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ABSTRACT

Objectives: To analyzethelongitudinal relationship between overweight and hypertensionin school children.

M ethods: Thiscohort study enrolled children 6-8 years of age who werethen prospectively followed up over a24 months period with
repeat assessments performed at an interval of 11-13 months. Information on participation in physical education classesin school,
sports practice outside of school, and economic status were obtained through questionnaires answered by parents/guardians. The
measurement of blood pressure, weight, height, and wai st circumferencewas performed during the serial follow-up visitsin school.

Results: The proportion of hypertension did not change significantly over the 24 months (7.1%to 8.2%; P = 0.690). However, children
with overweight and obesity throughout the period, had a198% [HR (95% Cl) 2.98 (1.40, 6.35)] higher risk of having hypertension
diagnosed during follow-up when compared to eutrophic children in the same period.

Conclusions: The development trajectory of overweight and obesity in children aged 6-8 yearswas associated with hypertension.
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in
adultsworldwide, with morethan three-quartersoccurring
in low- and middle-income countries [1]. Arterial hyper-
tension, characterized by increased resting blood pressure,
isoneof themain cardiovascular diseasesin adulthood[2].
In 2013, the prevalence of high blood pressure reached
15% in Brazilian children [3]. Hypertension tracks from
early life to adulthood, increasing the risk of other
cardiovascular diseasesand early mortality [4].

Childhood obesity is one of the main determinants of
high blood pressure in early life [5]. In 2020, 39 million
children were diagnosed with obesity around the world
[6]. The current understanding of the association between
hypertension and childhood obesity is limited by a few
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cross-sectional studiesin older children and adol escents
[4,7]. The main objective of this study wasto analyzethe
association between overweight and hypertension in 6 to
8-year-old children longitudinally.

METHODS

This prospective study was carried out in the city of
Presidente Prudente and was approved by the Ethical
Board of the University of Western Sdo Paulo. Presidente
Prudenteisinthewestern region of the State of S&o Paulo,
Brazil andischaracterized asthelargest city intheregion
with about 200,000 inhabitants. The municipality
administration (Department of Education) is responsible
for running 29 primary schools in the city (grade 1 to 5)
catering to children aged 6-11 years, that were invited to
participatein the study.

The children aged 6-8 years were enrolled after an
informed written consent from parents/legal guardians.
Children were prospectively followed up at three time
points, wherein measurementsinterval sranged from 11 to
13 months, viz at August-December, 2016, 2017, and
2018. The research project was cancelled in 2019 during
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the COVID-19 pandemic. All variables described below
were measured at the aforementioned three-time points.
The research team responsible for the anthropometric
measurements comprised of two researchers, two physical
education teachers, and two undergraduate students
(pursuing the course of Physical Education) who were
previously trained to takethese measurements.

Blood pressure was measured by the auscultatory
method, inaccordancewith the guidelinesby the Brazilian
Society of Cardiology [8]. Systolic (SBP) and diastolic
(DBP) blood pressure were measured three times using
sphygmomanometers (Premium brand, Hospitalar mesa/
paredemodel). Measurements were obtained in the right
arm, with the child in the sitting position, after aminimum
of five minutes of rest (first measurement) by atrained
team of seven undergraduate students. Hypertension was
identified using the recommended cut-off points [8],
which were adjusted for age, sex, and height percentiles.

Weight was measured on adigital scale (G-tech brand,
Glass 10 model) with an accuracy of 0.1 kg, and height was
determined on awooden stadiometer with an accuracy of
0.1 cm, according to standardized procedures [9]. All
measurementswererecorded twiceand athird observation
was performed in case of discrepancy to adopt a mean
value. Waist circumference (WC) was measured using a
non-elastic tape with a 0.1 cm scale following standard
procedure[9]. All measurementswere performed with the
children wearing light clothes (t-shirts and shorts/shorts)
and barefoot. Considering percentil esadjusted for ageand
sex, overweight and obesity (Ow/Ob) were diagnosed
when body mass index (BMI) values were > 85th (over-
weight) and > 95th (obesity) centiles, respectively [10].

Covariates considered in the statistical models, were
sex, age, economic status, height, and sports participation.
Economic status was assessed using a standard question-
naire completed by the parents/legal guardians [11].
Sports participation was reported by the parents/legal
guardians considering the following question: “Over the
past 12 months, was your child engaged in any sports
activity, outside school and supervised by a professional
(coach)?’ [12]. Adherence to school physical education
classeswasa so recorded.

Satistical analyses. Descriptive statistics consisted of
mean values and standard deviation. Pearson correlation
(r) was used to analyze the relationship between the
numerical variables. Theanalysisof variancefor repeated
measures (ANOVA) compared numerical variables over
the time of follow-up (adjusted by covariates).
Associations were assessed by the Chi-sguare test and
their magnitudeswere expressed ashazardratio (HR) and
95% Cl by Cox regression (adjusted for sex, age, height,
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economic status, and sports engagement). P value < 0.05
wasconsidered statistically significant. All analyseswere
runin the statistical software BioEstat (version 5.0, Tefé,
Amazonas).

RESULTS

All the 29 schools were approached; of which 26 were
willing to participate. Out of 1452 children whose parents/
guardians were approached, 753 (51.5%) consented to
participatein the study. Theflow of the study participants
isshowninFig. 1. Sex distributionwassimilar inal stages
of the study (Basdline: 280 boysand 298 girls; 12-months:
218 boys and 225 girls; 24-months. 132 boys and 124
girls). Thegeneral characteristicsof the 256 children (132
boys, 124 girls) who compl eted fol low-up over 24 months
arepresentedinTablel.

The increase in WC and BMI were related to a
significant increase in SBP and DBP, regardless of sex
after adjusting for covariates (age at baseline, economic
status, and sports engagement throughout follow-up)
(Table I1). As compared to children who were Not
diagnosed with Overwei ght/Obesity during the 24-month
follow-up, children with the presence of Overweight/
Obesity in all assessments presented an increased risk of
having hypertension (Tablel ). For each 1 kg/m2increase
in BMI, there was an increase of 1.93 mmHgin SBP and
1.44mmHginDBP.

Total children approached
(n =1452)
J
Children consented

(n=753)

\
Children availableat baseline
(n=578)
Excludedfor transfers,
—  absenceor missing data
(n=135)

Children at 12-month
follow-up (n=443)

Excludedfor transfers,
—  absenceor missing data
(n=187)

Children at 12-month
follow-up (n = 256)

Fig.1 Flow of study participantsduring follow-up
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Table | Characteristics of the Children who Completed
Evaluation Over 24-monthsFollow-up (n = 256)

Basdline  12months 24 months
Chronological age? (y) 7.4 8.4 9.5
(0.6) (0.5) (0.5)
Body weight? (kg) 28.6 324 37.6
(7.7) 9.2 (11.2)
Height? (cm) 1.27 1.33 1.39
(0.06) (0.07) (0.07)
BMI2(kg/m?) 17.3 17.9 19.1
(3.9 3.7 4.2
WC?(cm) 59.7 62.2 65.6
(8.1) 9.2) (10.7)
SBP2 (mmHg) 89.9 93.8 92.3
9.9 (10.2) (11.6)
DBP? (mmHg) 57.9 61.5 61.3
(10.1) (9.2) (9.7)
Overweight® n (%) 89 96 118
(34.8%)  (37.5%) (46.1%)
Hypertension, n (%) 18 29 21
(7.1%) (11.3%) (8.2%)
Sportsparticipation, n (%) 55 61 62
(21.5%)  (23.8%) (24.2%)
PE classes?, n (%) 177 222 223
(69.1%)  (86.7%) (87.1%)

Data expressed as mean and standard deviation (SD); BMI body mass
index; WC waist circumference; SBP systolic blood pressure; DBP
diastolic blood pressure; PE classes physical education classes 2P
value < 0.05 for analysis of variance for repeated measures (Baseline
versus 24 months); PP value< 0.05 for Chi-squaretest (linear-by-linear
association)

DISCUSSION

The present study showed anincreased risk of devel oping
hypertension in children with persistent overweight/obese
status at 24 months follow-up. The prevalence of
hypertensionin thisstudy was 7%, whichislower than that
observed in Europe (22.8%) [13], Australia (12.6%) [14]
and China (6.1 - 9.4%) [15]. Thismay be attributed to the
sample of younger childrenin thisstudy and other factors
such as geographic factors, maturation, nutritional status,
and level of physical activity [16].

BMI is an anthropometric index associated with
hypertension, regardless of genetic, social, and geographic
factors [5]. During follow-up in this study, children who
were overweight/obese at baseline had a higher risk of
hypertension during thefollow-up. BMI isrecognized asa
determinant of blood pressurein pediatric age groups[17].
The association between obesity and hypertension relies
on peripheral vascular resistance [4]. The periphera
vascular resistance attributed to obesity relies on
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Tablell Relationship Between Changesin Anthropometric
Indicesand Changesin Blood PressureAmong Children

Total Boys Girls
(n= 256) (n=132) (n=124)

BP
BMI (kg/m?) 1.93 2.35 121
(1.22, 2.65) (1.44,3.27)  (0.01, 2.42)
WC (cm) 0.61 0.68 0.50
(0.37,0.86) (0.38,0.99) (0.06, 0.94)

DBP
BMI (kg/m?) 1.44 117 191
(0.72,2.16) (0.21,2.12)  (0.76, 3.06)
WC (cm) 041 0.34 0.61
(0.17, 0.66) (0.03,0.66) (0.18,1.03)

Values expressed as 3 (95% Cl); model adjusted for age at baseline,
economic status, and sport engagement throughout follow-up; All
correlations were statistically significant at P value < 0.05

Model summary: SBP and BMI inboysr2= 0.18 and girlsr?= 0.07; DBP
and BMI in boysr2= 0.05 and girlsr2= 0.09; SBP and WC in boysr2=
0.14and girlsr?= 0.08; DBP and WCin boysr2= 0.04 and girlsr?= 0.07
BMI Body mass index; WC Waist circumference; SBP Systolic blood
pressure; DBP Diastolic blood pressure

sympathetic hyperactivity and insulin resistance generated
by obesity, which decreases sodium excretion and impairs
vascular reactivity [ 18]. Other indirect factors such asthe
presence of low-gradeinflammation and the consumption
of a diet rich in lipids, sodium, and sugars are also
implicated [17,18].

The association of physical exercise and blood
pressure control is unclear in children [19]. Sports
participation and physical education classesdid not affect
blood pressurein this study, similar to an earlier study in
adolescents[20]. However, sports participationimproves
parasympatheticindices[20], inthe absence of changesin
blood pressure.

Table IIl Association Between Overweight/Obesity
Trajectory Over 24 MonthsWith Hyperytension

Ow/Ob Trajectory Hypertension detected Hazard
on at least one of the Ratio
assessmentsn (%) (95%Cl)

Normal Wt (n=129) 15 (11.6%) 1.00

New Ow/Obon 02 (22.2%) 1.91(0.35, 10.36)

Follow-up (n=9)

New Normal-Wt on 07 (18.4%) 1.29(0.46, 3.65)
Follow-up (n=38)

Persistent Ow/Ob 28(35.1%) 2.98(1.40, 6.35)
(n=80)

Normal-Wt Normal-weight in all analyses, New-Ow/Ob Became
overweight/obese at follow-up, New Normal-Wt No longer overweight/
obese at follow-up, Persistent Ow/Ob Overweight/obese at all time
points
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overweight/obesity at the end of two years follow-up.

WHAT THIS STUDY ADDS?

« An increased risk of hypertension was seen in young children (6-8 years) who developed or persisted to have

The limitations of this study include the fact that the
volume and intensity of sports practice outside the school
environment and school physical education classes were
not measured. Additionally, sedentary behavior, diet, or
parental history of hypertension, were not evaluated. We
did not exclude a pre-existing diagnosis of chronic
diseasesand use of any regular medicines.

In summary, the prevalence of overweight/obesity
preva enceincreased significantly during the study period.
Thisisconcerning asoverweight/obesity wasshowntobe
linkedto anincreased risk of hypertensionevenin children
aged 6 to 8 years of age over atwo-year period.
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