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Abstract

Background: obesity and lower physical fitness levels in children are related to the development of cardiometabolic risk factors.

Objective: to determine the relationship between health-related physical fitness and physical activity levels, blood pressure, and anthropometric
parameters for different weight statuses of Chilean schoolchildren.

Material and methods: the participants were 272 girls and 333 boys having a mean age of 12.00 + 1.23 years. Maximal oxygen consumption
(VO,max), standing long jump test (SLJ), handgrip strength, physical activity (PA) levels, systolic blood pressure (SBP), diastolic blood pressure
(DBP), body mass index (BMI), waist circumference (WC) and body fat (BF) were measured. To establish the relationship between the variables,
partial correlations adjusted by sex were carried out and the Chi-square test was applied to compare the proportions between groups.

Results: VO,max (p < 0.001) was higher in schoolchildren of normal weight. SBP and DBP were higher in obese schoolchildren (p < 0.001).
Physical fitness was inversely related to SBP: VO,max (r = -0.26, p < 0.001), SLJ (r = -0.11, p = 0.007) and handgrip strength (r=-0.10,p =

Key words: 0.021), and had a positive relationship with PA: VO,max (r = 0.31, p < 0.001), SLJ (r = 0.18, p < 0.001), and handgrip strength (r = 0.26, p <
) ‘ 0.001). Moreover, VO,max and SLJ were inversely related to BMI and WC (p < 0.05). The group of obese schoolchildren contained the highest
gbe;ny. Ch"dtre” percentage of individuals with hypertension (p < 0.001).
araiorespirator:
capacity. Shysici Conclusion: the results obtained in this study show that physical fitness has an inverse relationship with SBP and a positive relationship with PA
condition. levels. Besides, cardiorespiratory fitness (CRF) and SLJ are inversely associated with the predictors of risk factors for cardiovascular diseases.
Hypertension. Finally, obese children presented lower physical fitness and included a higher proportion of individuals with hypertension.
Resumen
Antecedentes: la obesidad y bajos niveles de condicion fisica en nifios estan relacionados con el desarrollo de factores de riesgo cardiome-
tabolico.

Objetivo: determinar la relacion entre la condicion fisica relacionada con la salud y los niveles de actividad fisica, la presion arterial y los para-
metros antropométricos, comparando segun el estatus corporal en escolares chilenos.

Material y métodos: los participantes fueron 272 nifias y 333 nifios con una edad promedio de 12,00 + 1,23 afios. El consumo méaximo de
oxigeno (VO,max), la prueba de salto de longitud (SLJ), la fuerza de la empufiadura, los niveles de actividad fisica (AF), la presion arterial sistolica
(PAS), la presion arterial diastdlica (PAD), el indice de masa corporal (IMC) y la circunferencia de la cintura (WC) y la grasa corporal (BF) fueron
evaluados. Para establecer la relacion entre las variables, se llevaron a cabo correlaciones parciales ajustadas por sexo y se aplicd la prueba de
Chi cuadrado para comparar las proporciones entre los grupos.

Resultados: el VO,max (p < 0,001) fue mas alto en escolares de peso normal. EI PAS y el PAD fueron mas altos en escolares obesos (p <
0,001). La aptitud fisica estaba inversamente relacionada con la PAS: VO,max (r = -0,26, p < 0,001), SLJ (r = -0,11, p = 0,007) y la fuerza

Palabras clave: de la empunadura (r = -0,10, p = 0,021) y la relacion positiva con PA: VO,max (= 0,31, p < 0,001), SLJ (r = 0,18, p < 0,001), fuerza de la
. 5 empufiadura (r = 0,26, p < 0,001). Ademas, VO,max y SLJ estaban inversamente relacionados con el IMC y el CC (p < 0,05). En los escolares

8bes'qud’\“”05- obesos se presentd el mayor porcentaje de individuos con hipertensién (p < 0,001).

C:r%?gﬁrsspiram Conclusién: en conclusion, los resultados obtenidos en este estudio informan de que la condicién fisica presenta una relacion inversa con la PAS

Condicion fisica. y relacion positiva con los niveles de AF. Ademas, CRF y SLJ se asociaron inversamente con predictores de factores de riesgo para enfermedades

Hipertension. cardiovasculares. Finalmente, los nifios obesos presentaron una menor condicion fisica y una mayor proporcion de individuos con hipertension.
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INTRODUCTION

Childhood obesity is reaching epidemic proportions throughout
the world (1) and has been declared a global public health prob-
lem. The increase has been associated with a greater presence of
cardiometabolic risk (CMR) (2), affecting children’s overall devel-
opment and quality of life.

Lower physical fitness levels in children are associated with
the development of cardiometabolic risk factors (3). By contrast,
children and adolescents with high cardiorespiratory fitness (CRF)
are exposed to lower CMR and have a healthier cardiovascular
profile (4). For this reason, CRF is a basic component of develop-
ment at this stage of life (5). Likewise, higher muscular strength
is inversely related to the risk factors for cardiovascular disease
in adults, and has proved to be a powerful protector of mortality
and life expectancy (6). Developing assessments of children’s
health-related physical fitness at an early stage is a priority (7),
since improving physical fitness provides protection against
chronic illnesses (3).

Various large-scale population studies have highlighted clear
associations between physical activity (PA), obesity and CMR in
children (8). Overweight or obese children with insufficient levels
of PA are at significantly greater risk of elevated SBP than their
non-overweight and sufficiently active counterparts (9). A system-
atic review that evaluated the relationships between PA and health
indicators in school-age children and young people reported that,
overall, total PA is favorably associated with physical, psycholog-
ical/social, and cognitive health indicators (10). However, despite
the known benefits of PA, levels of practice among children remain
very low (11).

High blood pressure is a predictor for the later development of
hypertension and cardiovascular risk factors (12). Hypertension
during childhood is frequently under-diagnosed; however, it shows
a relationship with being overweight and obese (13), and is also
considered to be the most important risk factor worldwide for
cardiovascular accidents (14). Likewise, higher recreational and
non-recreational PA is associated with a lower risk of mortality and
cardiovascular events in individuals from low-income, middle-in-
come, and high-income countries (15). Therefore, the examination
of PA levels should be a priority.

The objective of the research was to determine the relationship
between health-related physical fitness and physical activity lev-
els, blood pressure, and anthropometric parameters for different
weight statuses of Chilean schoolchildren.

MATERIAL AND METHODS

PARTICIPANTS

Participation in the study was voluntary and the sampling type
was convenience. The participants were 605 schoolchildren: 272
girls and 333 boys (45% and 65% respectively), with a mean age
of 12.00 =« 1.23 years, belonging to public education centers in
the Araucania Region, Chile, and having similar socioeconomic
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status (SES) and similar characteristics according to the Physical
Education National Study (16).

The inclusion criteria were: presenting informed consent of the
parents and the assent of the participant, belonging to an edu-
cational center and being aged between eleven and 13 years.

The exclusion criteria were: presenting a musculoskeletal dis-
order or any other known medical condition which might alter the
participants’ performance and health during the physical assess-
ments, or having physical, sensorial or intellectual disabilities.

The first population included 637 in the enrolment stage.
After applying the inclusion/exclusion criteria, a total of 32 were
excluded.

The investigation complied with the Declaration of Helsinki
(2013) and was approved by the Ethics Committee of University
of La Frontera, Chile. The tests were explained to all the partici-
pants before the study began and they were asked to abstain from
intense exercise for 48 hours before the study.

MATERIAL
Anthropometric assessment

The participants’ body mass (kg) was measured using a set of
Tanita® scales, model Scale Plus UM - 028 (Tokyo, Japan); the
children were weighed in their underclothes, without shoes. Their
height (m) was estimated with a Seca® stadiometer, model 214
(Hamburg, Germany), graduated in millimeters. Body mass index
(BMI), calculated as the body weight divided by the square of the
height in meters (kg/m?), was used to estimate the degree of
obesity. The BMI is shown in the growth table of the Centers for
Disease Control and Prevention, Overweight and Qbesity (CDC)
for the corresponding age and the sex-related percentile. Child-
hood obesity is defined as having a BMI equal to or greater than
percentile 95, and overweight as having a BMI equal to or greater
than percentile 85, among children of the same age and sex (17).

Waist circumference (WC) was measured using a Seca® tape
measure, model 201 (Hamburg, Germany), at the height of the
umbilicus (18).

To measure % body fat (% BF), the tricipital fold and the sub-
scapular fold (Lange Skinfold Caliper, 102-602L, Minneapolis,
USA) was used, and the Slaughter’s formula (19) was applied:

Girls: % BF = 1.33 (tricipital + subscapular) - 0.013 (tricipital
+ subscapular) 2 - 2.5

Boys: % BF = 1.21 (tricipital + subscapular) - 0.008 (tricipital
+ subscapular) 2 - 1.7

Physical fithness

To evaluate the health-related physical fitness of the children
we used the ALPHA-fitness test battery (20).

Lower-body explosive strength was assessed by a standing long
jump test (SLJ), consisting of jumping a distance with both feet
together. The child stood behind a marked line and jumped as far
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as possible (21). Each child jumped twice and the best result was
recorded. Higher scores indicate better performance.

The handgrip strength was used to measure upper body
strength, through a hand dynamometer (TKK 5101 Grip D; Takei,
Tokyo, Japan). The test consists in holding a dynamometer in
one hand and squeezing as tightly as possible without allowing
the dynamometer to touch the body; force is applied gradually
and continuously for a maximum of 3-5 seconds (22). The test
was performed twice and the maximum score for each hand was
recorded in kilograms. The average of the scores achieved by
the left and right hands was used in the analysis. Higher scores
indicate better performance.

Cardio-respiratory fitness (CRF) was measured by the progres-
sive 20 meter shuttle run test (23). The participants were required
to run between two lines 20 meters apart while keeping pace with
audio signals emitted from a pre-recorded CD. The test has been
validated among Chilean schoolchildren, and has been utilized
in the Physical Education National Study (16). The results were
unified according to the Leger test protocol, and the maximal oxy-
gen consumption (VO,max) was calculated using Leger’s equation
(23). Higher VO,max indicates better CRF. The perception of effort
was recorded using the modified 0-10 Borg scale.

Physical activity levels

To measure the PA levels the Physical Activity Questionnaire
for Children (PAQ C) was used. The minimum score from all the
responses is 10 points and the maximum 40; a higher score
indicates a higher physical activity level (24). The answers to ques-
tions 1 and 10 were excluded from the total score.

Blood pressure

The systolic blood pressure (SBP) and the diastolic blood pres-
sure (DBP) were measured on two occasions after 15 minutes’
rest following international standards (14), using an OMRON® dig-
ital electronic monitor, model HEM 7114 (lllinois, USA). To classify
high blood pressure we used the “Fourth report on the diagno-
sis, evaluation and treatment of high blood pressure in children
and adolescents” (14). Pre-hypertension was defined as arterial
pressure > percentile 90 and < percentile 95; hypertension was
defined as arterial pressure > percentile 95 (14).

Procedures

The trained research assistants (four evaluators) visited the
selected educational centers during the Chilean school year of 2017
and carried out the evaluations of children whose parents had con-
sented and who had given their own assent. The evaluations were
carried out in a favorable space facilitated by the educational center
with optimal temperature and reliable privacy. The evaluations were
carried out during physical education classes in the morning.

[Nutr Hosp 2019;36(1):13-19]

Statistical analysis

SPSS 23.0 software was used for the analysis (IBM, SPSS sta-
tistics). The normal distribution of the data and the equality of the
variances were checked using the Kolmogorov-Smirnov test and
Levene’s contrast, respectively. The variables were expressed as
mean = standard deviation (SD). Sex differences were determined
by one way analysis of variance (ANOVA). The comparison by
nutritional state was done by ANOVA, and the post hoc analysis
using Bonferroni’s method. To establish the relationship between
the variables, partial correlations adjusted by sex were carried out.
The Chi-square test was applied to compare proportions between
groups for blood pressure and weight status. Values of p < 0.05
were considered as statistically significant.

RESULTS

No differences in proportions by weight status were found
between boys and girls (p > 0.05). In the comparison by sex,
boys were taller and had better performance for CRF, VO,max
and SLJ (p < 0.001). Boys showed higher levels of PA than girls
(p = 0.034) (Table ).

The percentage of the population located in the overweight and
obesity groups was 45% (n = 272), and it was found that the
obese schoolchildren presented higher values for all the anthro-
pometric parameters (p < 0.05). For CRF, schoolchildren with
normal weight presented better results than those in the other
groups. For the SLJ (p < 0.001) obese schoolchildren reported
the lowest levels of PA (p < 0.001) (Table II).

BPs were higher in obese schoolchildren (p < 0.001) (Fig. 1).

Physical fithess was inversely associated with SBP: VO, max (r
=-0.26, p < 0.001), SLJ (r = -0.11, p = 0.007) and handgrip
strength (= -0.10, p = 0.021); and positively associated with
PA:VO,max (r=0.31,p < 0.001), SLJ (r=0.18, p < 0.001), and
handgrip strength (r = 0.26, p < 0.001). Moreover, VO,max and
SLJ were inversely related to BMI and WC (p < 0.05) (Table Ill).

Table IV shows that the group of obese schoolchildren contained
the highest proportion of individuals with hypertension; the group
of overweight children had the next highest proportion (p < 0.001).

DISCUSSION

The objective of the research was to determine the relation-
ship between health-related physical fitness and physical activity
levels, blood pressure, and anthropometric parameters for differ-
ent weight statuses in Chilean schoolchildren. It was found that
physical fitness was inversely associated with SBP and positively
associated with PA.

Overweight and obese schoolchildren had higher SBP and DBP
than those with normal weight. The results of this study are con-
sistent with those of other studies of children and adolescents
in different parts of the world, in which BP presents a positive
correlation with BMI and various anthropometric markers (25,26).
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Table I. Description of the study variables in schoolchildren
Total Girls Boys p-value
(n = 605) (n = 272) (n = 333) p
Anthropometric parameters
Age (years) 12.00 £ 1.23 11.89+1.13 12.09 = 0.68 0.015
Body mass (kg) 51.66 + 13.83 5143 +12.33 51.83 +14.94 0.705
Height (m) 1.55+0.16 1.53 +£0.09 1.55+0.12 0.002
BMI (kg/m?) 21.42 + 4.56 21.78 £ 4.42 2113 £ 4.64 0.106
WC (cm) 73.24 +11.48 72.61 +10.65 73.66 + 1.23 0.269
BF (%) 24.64 +7.49 2532 +7.37 23.98 +7.52 0.034
Physical condition
CRF (min) 461 +224 3.82+1.62 5.34 +2.43 < 0.001
VO,MX iy 4452 + 4.74 42.75 + 3.71 46.6 + 4.91 < 0.001
Post-test effort (Borg) 7.09 +1.34 6.78 +1.21 72+128 < 0.001
Long jump test (cm) 134.13 +24.92 122.98 + 21.81 143.3 £ 23.67 < 0.001
Handgrip strength (kg) 24.4 + 9,59 23.39 + 8.48 25.26 +10.45 0.012
Physical activity (score) 3.07 +£2.40 3.06 =1.09 3.09 +3.09 0.034
Blood pressure
SBP 116.24 +15.93 116.93 + 15.53 121.03 £ 16.13 0.002
DBP 79.2+13.8 77.45 +12.52 80.73 +13.1 0.002

The data shown represent the mean + DS. Values of p < 0.05 were considered as statistically significant. BMI: body mass index; WC: waist circumference; BF: body
fat; VO, max: maximal oxygen consumption; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Table Il. Comparison of anthropometric variables and physical condition by weight status

Normal weight Overweight Obese
(n = 333) (n = 138) (n =134) p-value
Anthropometric parameters
Age (vears) 12.04 £ 1.21 11.96 +1.13 11.98 +1.07 0.444
Body mass (kg) 43.31 + 8.35* 54,79 + 8.48¢ 68.12 + 13,14+ < 0.001
Height (m) 1.54 +0.11 1.55 +0.09 1.56 = 0.11 0.334
BMI (kg/m?) 18.10 = 1.97* 22.69 + 1.39¢ 27.59 + 3.39¢ < 0.001
WC (cm) 66.05 + 6.22* 76.14 +7.071 87.28 + 10.88* < 0.001
BF (%) 22.93 +7.93* 25.40 + 6.82¢ 27.43 + 5.621 < 0.001
Physical condition
CRF (min) 5.27 +2.51* 412 +1.591 3.75 + 1.38¢ < 0.001
VO, max (g 43.44 £52* 41,50 + 3.61 40.62 + 3.4t < 0.001
Post-test effort (Borg) 712 +£1.38" 6.82 +1.221 6.67 = 1.291 0.002
SLJ (cm) 138.46 + 26.10* 131.01 £ 22.741 127.43 + 22.521 < 0.001
Handgrip strength (kg) 25.13 +8.65 23.97 £6.92 23.06 = 13.09 0.085
Physical activity (score) 3.38 +1.06* 3.01 +0.87¢ 1.98 + 1.05¢ < 0.001

The data shown represent the mean + DS. Values of p < 0.05 were considered as statistically significant. Different symbols in superscript indlicate significant differences
(0 < 0.05) in comparisons between groups. BMI: body mass index; WC: waist circumference; BF: body fat; VO, max: maximal oxygen consumption; SLJ: standing long jump test.

An important finding is that the group of schoolchildren with obe-
sity contained the highest proportion of individuals with hyper-
tension, which is similar to a finding reported in another study

in Chilean schoolchildren (27). These results stress the need for
routine measurement of BP in child and adolescent populations
because of the silent risks posed by hypertension (14).

[Nutr Hosp 2019;36(1):13-19)]
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Figure 1.

Comparison of systolic blood pressure and diastolic blood pressure by weight
status. SBP: systolic blood pressure; DBP: diastolic blood pressure.

In the measurements of physical fitness, boys obtained better
results than girls for VO,max, handgrip strength and SLJ. Similar
results were found in samples of Spanish schoolchildren (28)
and Colombian schoolchildren (29), with boys showing a better
performance in the same study variables. In the comparison by
weight status, schoolchildren of normal weight presented better
results for health-related physical fitness than children in the other
two groups (overweight and obese). Similar results were reported
for a sample of schoolchildren in which obese individuals showed
significantly lower levels of physical fitness, in a study that also
reported that increased BMI limits the proper development of
motor skills (30).

In the present investigation, strength (explosive and handgrip)
and CRF were related to a reduction in SBP. An investigation
among Spanish schoolchildren has reported that good muscu-
lar fitness is associated with lower CMR, but particularly when
accompanied by normal weight (31). Similar results were report-

ed in an investigation in which increased CRF was associated
with a reduction in cardiometabolic risk among obese children
(32). Moreover, in a systematic review, higher levels of muscular
strength in the upper and lower parts of the body were associated
with a lower risk of mortality in the adult population, independently
of age and follow-up period (33).

Schoolchildren with obesity demonstrated lower levels of PA,
and this is the same in several countries in which it has been
found that a lack of PA increases the individual risk factors for
becoming overweight or obese (34). In one investigation, obese
children and adolescents had low levels of physical activity, and
the vast majority were not meeting national recommendations for
PA (35); also, lower physical activity has been shown to lead to
increased adiposity (36). Lack of PA is a very important behavioral
risk factor, and works together with other factors associated with
a sedentary lifestyle (lack of sleep and hours spent watching tele-
vision) (37). An investigation has reported that there is a greater
risk of hypertension in people with low levels of PA who are also
overweight or obese (27); furthermore, these factors also increase
the risk of developing diabetes, with higher levels of insulin in
circulation (38). Overweight and obese children need support and
encouragement to exercise, and physical education (PE) classes
in school represent a major opportunity for stimulating the enjoy-
ment of PA (39). The main elements of positive interventions in
PE classes included training staff (PE specialists and/or classroom
teachers), changes in PE curricula, provision of equipment and
materials, and adjustment of the interventions to target specific
populations (40). Some studies have shown that schools have
made progress in improving school-provided food and physical
activity environments, but that much more work is needed (41).

For this reason, increasing PA among children is a priori-
ty; however, interventions to this end must stress the support

Table lll. Correlation of variables adjusted for sex

BMI wc BF SBP DBP PA
VO, max -0.29(<0.001) | -031(<0.001) | -0.06(0.114 | -0.26(<0.001) | -0.04(0.311) 0.31 (< 0.001)
SLJ 017 (<0.001) | -0.20(<0.001) | -0.02(0.659) -0.11 (0.007) -0.05 (0.179) 0.18 (< 0.001)
Handgrip strength | -0.05 (0.267) -0.02 (0.690) -0.02 (0.698) -0.10 (0.021) -0.04 (0.279) 0.26 (< 0.001)

BMI: body mass index; WC: waist circumference; BF: body fat; SBP: systolic blood pressure; DBP: diastolic blood pressure; PA: physical activity; VO,max: maximal
oxygen consumption; SLJ: standing long jump test.

Table IV. Relationship between weight status and blood pressure levels in schoolchildren

Normal weight Overweight Obese
(n = 333) (n = 138) (n = 134) p value
Normal 184 (57.0%)* 57 (41.3%)" 47 (32.7%)"
Pre-hypertension 47 (14.6%) 23 (16.7%)" 28 (19.4%)" < 0.001
Hypertension 92 (28.4%)* 58 (42.0%)" 69 (47.9%)*
Total 333 (100%) 138 (100%) 144 (100%)

Values presented as proportions. Different symbols in superscript indicate significant differences in proportions.

[Nutr Hosp 2019;36(1):13-19]
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of the parents and their ability to promote PA in their children,
providing positive feedback, serving as active models and facili-
tating participation in PA programs. Therefore, the best space for
carrying out interventions is at school. This suggests continuing
support for PE classes worldwide.

LIMITATIONS

One limitation of the study was the lack of direct assessments
of PA among the obese children and the other study groups,
since perceptions of practice may be altered by emotional factors.
Future studies should incorporate biomarkers which can show
stronger relationships between health-related physical condition
and cardiovascular risk in obese children.

CONCLUSIONS

In conclusion, the results obtained in this study are that phys-
ical fitness has an inverse relationship with SBP and a positive
relationship with PA levels. Moreover, CRF and the long jump test
were inversely associated with the predictors of risk factors for
cardiovascular diseases. Finally, obese children presented lower
physical fitness, and a higher proportion of them had hyperten-
sion. For this reason, these results stress the need for routine
measurement of physical fitness and BP in child and adolescent
populations, because of the silent risks posed by hypertension,
as well as the need to improve and increase PA in schoolchildren.
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