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Abstract: In Chile, children of low socioeconomic status usually attend public schools and have few
opportunities to engage in healthy behaviors. This may increase their risk of overweight/obesity
and low muscular fitness. Therefore, we aimed to determine the association between the school
type attended with overweight/obesity-related markers and the muscular fitness of children in
Chile. We included 1410 children (6-13 years old) attending public, subsidized, or private schools.
Overweight/obesity-related markers included BMI Z-scores, waist circumference, and body fat
percentage. Muscular fitness assessment included handgrip strength and standing long jump. The
odds ratios [95% CI] of overweight/obesity, elevated waist circumference, elevated body fat, low
handgrip strength, and low standing long jump were compared between school types. Compared
with boys attending public schools, those attending subsidized or private schools had lower odds
ratios of low handgrip strength (0.63 [0.42-0.94] and 0.44 [0.25-0.78], respectively). Girls attending
subsidized schools, compared with those in public schools, had lower odds of overweight/obesity
(0.63[0.44-0.90]) and of having low handgrip strength (0.51 [0.34-0.78]). Compared with girls in public
schools, those attending private schools had lower odds (vs. public schools) of overweight/obesity
(0.45 [0.28-0.74]), of having elevated body fat (0.53 [0.29-0.96]), and of having low standing long
jump (0.41 [0.21-0.77]). The elevated risk of overweight/obesity-related markers and lower muscular
fitness in children, particularly girls, attending public schools increase their current and future disease
risk. This suggests that childhood socioeconomic status plays a central role in determining disease
risk. Health-promoting interventions specifically focused on children from disadvantaged contexts
are required.
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1. Introduction

Healthy lifestyle habits help children maintain healthy body weight and physical /muscular
fitness, which enhance physical and mental development throughout childhood and
youth [1]. Adoption of these habits, however, may be affected by social factors such
as socioeconomic status [2]. Children with low socioeconomic status have fewer opportu-
nities to eat healthily and to engage in sufficient physical activity [3,4]. Consequently, in
economically disadvantaged contexts, the prevalence of obesity is exacerbated, and chil-
dren are less likely to have adequate physical/muscular fitness [5-7]. These data suggest
that social context influences children’s current and long-term health by affecting lifestyle
habits. Specifically, social context has been shown to influence their chances of developing
cardiovascular risk factors such as high blood pressure, type 2 diabetes, and others [8-10].

Schools are where children spend most of their waking time. Schools offer different
opportunities that impact children’s habits and, thus, their health [11]. In Chile, schools
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are split according to the type of funding as follows: (a) public, which are fully funded by
the government; (b) subsidized, which have shared funding from the government and the
families; and (c) private, which are fully funded by the families [12]. Public and subsidized
schools are rated with an index of vulnerability according to the proportion of children
in vulnerable situations. The index ranges from 0% to 100%, and serves as a criterion for
receiving governmental support to feed students [13]. Private schools are not rated with
the vulnerability index and do not receive governmental support to feed their students.
This is because most students in private schools do not need such support. This suggests
that children of low-to-medium socioeconomic status attend mostly public and subsidized
schools, whereas children of high socioeconomic status attend mostly private schools. The
type of school attended is thus considered an index of socioeconomic status in Chile.

Because socioeconomic status influences overweight/obesity-related markers and the
muscular fitness of children, this may also be the case for school types. Nevertheless, this
has not been fully studied in Chile. We aimed to determine the association between the
school type attended and overweight/obesity-related markers and the muscular fitness
of children in Chile. Additionally, we explored the association between the school type
attended and blood pressure. These results will allow us to identify the groups with the
highest disease risk to help focus health-promotion strategies.

2. Materials and Methods
2.1. Design, Subjects, and Setting

We randomly selected schoolchildren from first to eighth grade of elementary edu-
cation attending urban schools in the Metropolitan Region of Chile (n = 1410; 6-13 years
old). The school types included were public, subsidized, or private. The proportion of
children from each school type included in the study was similar to the national propor-
tion of children attending each school type reported by the Chilean Education Ministry:
25% public, 59% subsidized, and 16% private [14]. The vulnerability index was >75% for
public schools and 30-60% for subsidized schools. Private schools are not rated with the
vulnerability index, as they have a low proportion of vulnerable students and therefore
do not receive governmental support. This suggests that the school type was an adequate
surrogate for socioeconomic status. Trained professionals conducted the measurements
inside the schools. Before any procedure, we obtained the authorization of the school,
parental consent, and child assent according to the statements of the Nutrition Institute
and Food Technology of the University of Chile (Approval code Act No. 33, 2010).

2.2. Instruments and Data Collection

Overweight/obesity-related markers included measurements of the body mass index
(BMI) Z-score, body fat, and waist circumference. Weight and height were measured with
an electronic scale and a stadiometer (Seca®, Hamburg, Germany), respectively. BMI was
calculated. The BMI Z-scores for 5- to 19-year-old children were used to categorize children
as underweight (<-1.00), normal weight (-1.00 to 1.00), overweight (>1.00 to 2.00), or
obesity (>2.00) according to categorization standards of the World Health Organization [15].
Skinfold thickness was measured with a Lange caliper at the triceps and subscapular sites.
Body fat was estimated using the Slaughter equation [16]. There are no reference values
for body fat in children. Therefore, we defined children >75th percentile for body fat
(by age and sex) within our current sample as having elevated body fat. Table 1 shows
the cutoffs used. Waist circumference was measured on the uppermost lateral border of
the right ilium at the end of a normal expiration. To classify children as having elevated
waist circumference and abdominal obesity, we used previously published reference values
by age and sex calculated from African-American, European-American, and Mexican-
American children [17].

Blood pressure was measured with a mercury sphygmomanometer. Children re-
mained seated for 10 min before measurement. Systolic and diastolic blood pressures
were then measured in the nondominant arm. We used previously published reference
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values by age, sex, and height to classify children as having elevated blood pressure and
hypertension [18]. For this study, we assigned all children with elevated blood pressure or
hypertension to the single category of elevated blood pressure.

Table 1. Cutoff values to determine the risk of elevated body fat, low handgrip strength, and low
standing long jump by sex and age.

Age (Years)

6.0-69 7.0-79 8.0-89 9.0-99 10.0-10.9 11.0-11.9 12.0-12.9 13.0-13.9 14.0-14.9

n (girls/boys)
Body fat at 75th percentile
(%)
Girls
Boys
Handgrip strength at 25th
percentile (kg)
Girls
Boys
Standing long jump at
25th percentile (cm)
Girls
Boys

61/55 80/70 92/76 92/89 80/94 101/98 88/98 93/89 26/28

23.2 25.6 26.1 27.1 27.2 30.6 31.1 32.1 33.1
22.5 225 27.4 25.6 29.7 30.1 30.0 28.9 259
8.5 9.9 11.1 12.2 14.5 16.7 18.5 19.9 20.5
9.0 10.3 11.8 12.9 14.8 17.0 20.0 23.6 253
81.0 86.0 93.2 103.0 103.0 105.5 109.2 113.5 105.0
84.0 92.7 99.2 105.5 112.7 118.0 125.0 136.0 144.7

Muscular fitness was measured through a handgrip strength test using an adjustable
dynamometer (TKK 5101, Takei Scientific Instruments, Niigata, Japan). Muscular fitness
was also assessed by the standing long jump test. Both tests have high reliability in
children [19]. There are no reference values for these tests [6]. Therefore, we defined
children <25th percentile (by age and sex) within our current sample as having low
handgrip strength or low standing long jump. Table 1 shows the cutoffs used.

2.3. Statistics

Analyses were conducted, stratified by sex, using IBM SPSS Statistics version 26
(IBM Corp, Armonk, NY, USA), and considering p < 0.05 as statistically significant. Data
for continuous variables are presented as medians (25th percentile-75th percentile). The
Kolmogorov-Smirnov test was used to assess normal distribution of the data. Differences
between school types (public, subsidized, and private) were tested with one-way ANOVA
(for normally distributed data) or the Kruskal-Wallis test (for non-normally distributed
data), followed by the Bonferroni post hoc test. Data for categorical variables are presented
as percentages. Chi-square tests were used to assess the (unadjusted) association between
school type and categorical variables.

Binary logistic regression models were used to compute the odds ratios and 95%
confidence intervals (OR [95% CI]) for the (adjusted) associations between the school
type attended and the overweight/obesity-related markers, blood pressure, and muscular
fitness. The outcome variables were overweight/obesity, elevated waist circumference,
elevated body fat, elevated blood pressure, low handgrip strength, and low standing long
jump. The exposure variable was the school type (public, subsidized, or private), and
public schools served as the reference category. Age and BMI Z-scores were considered
potential confounders. The models were thus adjusted for either age, or age and BMI
Z-scores, as indicated in the figure legend.

3. Results

Tables 2 and 3 show the characteristics of boys and girls, respectively, by school
type. Boys attending subsidized schools were taller than those attending public schools.
Additionally, compared with subsidized and private schools, a larger proportion of boys
attending public schools had low handgrip strength. No other differences were observed



Int. |. Environ. Res. Public Health 2022, 19, 14213 40f 10

among boys. In girls, BMI Z-scores progressively decreased from public to subsidized to
private schools. This led to a significant association between overweight/obesity prevalence
and school type, with decreasing prevalence from public to subsidized to private schools.
Girls attending private schools had the lowest waist circumference, which translated into
the lowest prevalence of elevated waist circumference. These girls also had the lowest
systolic blood pressure. The proportion of girls with low handgrip strength was associated
with the school type. Girls attending subsidized schools had the lowest values. Finally, the
standing long jump progressively increased from public to subsidized to private schools.
This led to a significant association between the proportion of girls with low standing long
jump and school type, with decreasing values from public to subsidized to private schools.

Table 2. Characteristics of boys by school type.

All Public Subsidized Private
n 697 173 403 121
Age (years) 10.6 (8.6-12.4) 10.3 (8.5-12.3) 10.8 (8.8-12.5) 10.1 (7.9-12.1)
Weight (kg) 39.7 (31.1-50.9) 38.6 (30.0-51.3) 40.5 (31.6-51.2) 37.8 (30.7-49.4)
Height (cm) 142.5 (131.8-154.8) 140.0 (128.9-152.2) 143.5 (133.0-156.6) * 141.1 (132.0-153.9)
BMI Z-scores 1.07 (0.22-1.92) 1.29 (0.25-2.08) 1.03 (0.19-1.90) 1.13 (0.20-1.68)
Overweight/obesity (%) 52.8 56.6 51.1 52.9
Waist circumference (cm) 67.3 (61.0-75.0) 67.8 (60.4-76.5) 67.3 (61.5-75.3) 66.1 (60.6-72.9)
Elevated waist circumference (%) 35.4 40.5 34.0 33.1
Body fat (%) 21.6 (15.8-28.0) 22.1 (15.3-27.8) 21.1 (15.9-28.1) 21.1 (16.4-28.0)
Elevated body fat (%) 244 249 23.3 27.3
Systolic blood pressure (mmHg) 98.0 (90.0-104.0) 98.0 (90.0-105.0) 98.0 (90.0-103.0) 97.0 (90.0-106.0)
Diastolic blood pressure (mmHg) 55.0 (50.0-60.0) 57.0 (50.0-60.0) 54.0 (50.0-60.0) 53.0 (49.0-60.0)
Elevated blood pressure (%) 6.3 6.9 6.9 33
Handgrip strength (kg) 17.0 (13.0-22.3) 16.5 (12.1-21.5) 17.4 (13.4-23.0) 17.0 (12.5-22.0)
Low handgrip strength (%) 26.7 33.5% 25.8% 19.8#
Standing long jump (cm) 125.0 (110-142) 123.0 (104.5-138.0) 127.0 (111.0-143.0) 124.0 (105.5-146.0)
Low standing long jump (%) 25.4 30.1 24.8 20.7

Data are medians (25th percentile-75th percentile) or percentages. BMI Z-scores, Z-score of body mass index;
*p < 0.05 vs. public; # p < 0.05 for an association with school type.

Table 3. Characteristics of girls by school type.

All Public Subsidized Private
n 713 186 423 104
Age (years) 10.4 (8.4-12.2) 10.2 (8.2-12.3) 10.6 (8.6-12.3) 9.8 (8.2-12.2)
Weight (kg) 38.8 (30.1-49.3) 38.2 (30.5-49.3) 39.5 (30.5-50.1) 37.6 (28.3-46.9)
Height (cm) 141.8 (131.0-153.0)  139.3 (128.1-151.7)  143.5 (131.7-153.6) 141.4 (130.9-153.2)
BMI Z-scores 0.95 (0.14-1.68) 1.24 (0.47-1.90) 0.91 (0.06-1.66) ** 0.61 (-0.07-1.36) **5%
Overweight/obesity (%) 48.0 57.7 ## 46.1* 38.5
Waist circumference (cm) 66.3 (60.2-73.6) 67.0 (61.9-75.3) 66.8 (60.0-74.0) 63.7 (58.3-68.9) **$
Elevated waist circumference (%) 34.6 43.0** 33.8 #* 23.1
Body fat (%) 23.9 (19.6-27.9) 23.9 (19.2-28.3) 24.4 (19.6-29.2) 23.0 (19.7-26.4)
Elevated body fat (%) 245 29.6T 2397 1837
Systolic blood pressure (mmHg) 95.0 (90.0-102.0) 96.0 (88.0-101.0) 97.0 (90.0-103.0) 91.0 (88.0-100.0) ¥
Diastolic blood pressure (mmHg) 54.0 (50.0-60.0) 53.0 (49.0-60.0) 55.0 (50.0-60.0) 55.0 (50.0-60.0)
Elevated blood pressure (%) 6.3 5.4 6.6 6.7
Handgrip strength (kg) 16.0 (12.2-21.3) 15.5 (11.8-19.7) 16.6 (12.6-21.9) & 15.0 (11.5-20.1)
Low handgrip strength (%) 25.7 30.6 % 222# 30.8%
Standing long jump (cm) 111.0 (97.0-125.0) 107.0 (93.0-120.0) 111.0 (98.0-124.0) * 117.5 (103.2-131.7) **%
Low standing long jump (%) 255 323 ## 25.3 ## 14.4 %

Data are medians (25th percentile-75th percentile) or percentages. BMI Z-scores, Z-score of body mass index;
& p <0.10,* p < 0.05, ** p < 0.01 vs. public; * p < 0.05, % p < 0.01 vs. subsidized; T p < 0.10,* p < 0.05, * p < 0.01 for
an association with school type.
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We then computed the OR [95% CI] of having risky conditions (i.e., overweight/obesity,
elevated waist circumference, elevated body fat, elevated blood pressure, low handgrip
strength, or low standing long jump) according to school type. Figure 1 shows the adjusted
models. Compared with boys attending public schools, those attending subsidized or
private schools had lower odds of having low handgrip strength (0.63 [0.42-0.94] and
0.44 [0.25-0.78], respectively). No other associations were observed in boys. Compared
with girls attending public schools, those attending subsidized and private schools had
lower odds of overweight/obesity (0.63 [0.44-0.90] and 0.45 [0.28-0.74], respectively).
Girls attending private schools also had lower odds (vs. public) of having elevated body
fat (0.53 [0.29-0.96]) and low standing long jump (0.41 [0.21-0.77]). Finally, girls attend-
ing subsidized schools had lower odds (vs. public) of having low handgrip strength
(0.51[0.34-0.78]).

ic Schoo ubsidized Schoo) rivate Schoo
A Public School @  Subsidized School M Private School
A Boys B Gins

A 1.00 [Ref] A 1.00 [Ref]
Overweight/ Obesity —| H—| 0811056-1.16] Overweight/ Obesity 063 [044-090]
] 0.84[0.53-1.35] 045 [0.28-0.74]
A 1.00 [Ref] A (1123 {g.igfl 56]
Elevated waist circumference — —o——1 119[0.62-228) Elevated waist circumference — —o— 0.71[031-1.64]

. e | 1.30 (058-2.93] =

A 1.00 [Ref] ‘EI 1.00 [Ref]
Elevated body fat— He— 0.91[0.60-1.39] Elevated body fat — 074[050-1.09]
Y —— 113[0.67-192] y FE 053 0.29-0.96]

A 1.00 [Ref] A 1.00 [Ref]
Elevated blood pressure | — @ 128[060-272] Elevated blood pressure —&— 1.35[0.63-2.80]
| 0.70 [0.21-2.35] [ Sl {145 [0.53-4.00]

\ 1.00 [Ref] A 1.00 [Ref]
Low handgrip strength — 063[0.42-0.94] Low handgrip strength 051[0.34-0.78]
8rp 5 w 044 [0.25-0.78] &rp 8 I-ﬁ——| 072 [0.42-1.26]

A 1.00 [Ref] ‘k 1.00 [Ref]
i ; — 085 [0.56-1.30] : ; . 0.78[0.53-1.14]
Low standing long jump |—.”:|| 068[036-121] Low standing long jump ﬂ4 041 [021-07)

I I I I I I
0 1 2 3 4 5 0 1 2 3 4 5
Odds ratios and 95% confidence intervals Odds ratios and 95% confidence intervals

Figure 1. Odds ratios and 95% confidence intervals of having risky conditions according to school
type in (A) boys, and (B) girls. Models for overweight/obesity and elevated body fat were adjusted
for age; all other models were adjusted for age and body mass index Z-score. Ref, reference.

4. Discussion

We observed some associations between the school type attended and certain
overweight/obesity-related markers and indexes of muscular fitness in children from
Chile. The associations were mostly observed in girls. In general, girls attending public
schools showed elevated risk of overweight/obesity-related markers and lower muscu-
lar fitness compared with those attending subsidized or private schools. These results
highlight the influence of social context and economic status on the current, and probably
future, children’s health.

4.1. Overweight/Obesity-Related Markers

Childhood obesity is a common phenomenon in Chile. The prevalence of over-
weight/obesity in Chilean children (>5 years old) has been estimated at 30-44%, and
it is higher in girls than boys [6,20,21]. Excess body weight accompanied by elevated body
fat, especially in the waist, is associated with high disease risk in children and adoles-
cents [17]. Therefore, BMI Z-scores, body fat, and waist circumference are used to identify
and monitor children at risk.

Compared with previous data, herein we observed a higher prevalence of over-
weight/obesity in all boys (>50%) as well as in girls attending public and subsidized
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schools (>46%). Only girls from our private school sample showed a similar prevalence
(38.5%) to that previously reported in Chile. In boys, the school type was not associated
with BMI Z-scores or prevalence of overweight/obesity; indeed, boys from all school types
had average BMI Z-scores values above 1.00, which is the cutoff for overweight. This indi-
cates that the boys in our study are at high risk but that this is independent of the school
type (a surrogate for socioeconomic status). In contrast, progressively lower BMI Z-scores
values were observed in girls from public to subsidized to private schools. Girls attending
public schools had average BMI Z-scores values above 1.00 (i.e., overweight), although
this was not the case for girls attending subsidized and private schools. Overall, school
type was associated with the prevalence of overweight/obesity in both unadjusted and
adjusted analyses. These results suggest that school type (a surrogate for socioeconomic
status) does influence BMI Z-scores in girls. Girls attending public schools (i.e., those of
low socioeconomic status) are at highest risk.

A previous study reported a 40% prevalence of overweight/obesity in Chilean chil-
dren, with no differences according to socioeconomic status (i.e., poverty) [22]. This agrees
with our results in boys but not in girls. Note, however, that that such previous study was
conducted in southern Chile, where a higher prevalence of overweight/obesity has been
reported [23], whereas our study was conducted in the capital region. Differences in the
characteristics of the schools or other context-related characteristics (e.g., urbanization or
climate) may explain the discrepancy.

Regarding waist circumference, previous studies in Chilean schoolchildren have
reported similar values to those observed in our current study [21,24-27]. The prevalence
of elevated waist circumference has been previously estimated at 30-37% [6,26]. This agrees
with our results in boys and girls attending subsidized schools and in boys attending
private schools. However, the prevalence of elevated waist circumference reached >40%
in boys and girls attending public schools. In the unadjusted analyses, school type was
associated with the prevalence of elevated waist circumference in girls. Nevertheless, the
association vanished when computing the odds ratio adjusted for BMI Z-scores. This last
observation suggests that the association in girls was driven by BMI Z-scores.

We observed body fat percentage values of 21-24% in our children. Previously, Urrejola
et al. [28] reported lower values (12-16%) in their sample of Chilean children. In contrast,
Muros et al. [25], also in a sample of Chilean children, reported slightly higher values in
boys (24.0%) and similar values in girls (23.7%) compared with our current study (21.6% in
boys and 23.9% in girls). The characteristics of the sample or differences in the assessment
methods may explain the variability in the results of these studies. Of note, there are no
reference values for body fat in children. We thus considered those children >75th body
fat percentile according to age and sex as having elevated body fat. The cutoff values we
considered in our sample coincide with those previously used in English children [29]. In
boys, there was neither a difference in body fat percentage between school types nor an
association between school type and elevated body fat (unadjusted or adjusted analyses).
In girls, there were no differences in body fat percentage between school types; however,
the unadjusted analyses showed a borderline association (p = 0.089) between school type
and elevated body fat. This association reached significance in the adjusted analyses.
Girls attending private schools thus had 47% lower odds of having elevated body fat,
independent of BMI Z-scores, compared with girls attending public schools. Together, our
results highlight the influence of school type (a surrogate for socioeconomic status) on
overweight/obesity-related markers (BMI Z-scores and body fat) of girls.

Previous studies have reported poorer overweight/obesity-related markers in children
of low compared with high socioeconomic status [2,30]. Herein, we observed such an
association only in girls. In contrast, Jiménez-Pavon et al. [9] observed such an association
only in boys. The discrepancy may be explained by the surrogate for socioeconomic
status considered. We used the type of school, whereas Jiménez-Pavon et al. [9] used the
educational level of the mothers. Which surrogate is the best is currently unknown, but in
the Chilean context, school type seems a fairly good surrogate.
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4.2. Blood Pressure

Elevated blood pressure at an early age is associated with higher risk of hypertension
in adulthood [31]. In children in our study, the prevalence of elevated blood pressure
was between 3.3% and 6.9%, and there were no differences based on school type. This
prevalence agrees with what was previously reported in another sample of Chilean children
(6.3%) [32]. In contrast, another study in Chile reported a higher prevalence (12-15%) of
elevated blood pressure [33]. Considering that the characteristics of the sample are similar
and the reference to define elevated blood pressure is the same, the variations could be
explained by methodological differences or other factors. In any case, our current findings
suggest that school type (a surrogate for socioeconomic status) does not influence blood
pressure.

4.3. Muscular Fitness

Muscular fitness is associated with several cardiovascular risk factors [34,35]. Conse-
quently, including muscular fitness in health monitoring systems at young ages has been
suggested. In the current study, we measured muscular fitness with handgrip strength and
the standing long jump test.

Previous studies in Chilean schoolchildren have reported similar values of handgrip
strength to those observed in our sample (15.0-17.5 kg) [25,36]. Notably, those studies
included only schoolchildren from public and subsidized schools. Our study is the first to
report values in children attending private schools in Chile. Because there are no reference
values to identify children at risk for low handgrip strength, we, separating children by sex
and age, considered those <25th percentile as having low handgrip strength. This percentile
appears appropriate, as previous data indicate higher cardiovascular risk in children below
this cutoff [37]. Of note, the strength values (in kilograms) at this cutoff are similar to or
slightly higher than those in previous studies [36,38,39]. This suggests that the children in
our study performed slightly better on this test. We did not find differences in handgrip
strength between school types. However, the unadjusted analyses showed an association
between the prevalence of low handgrip strength and the school type in boys and girls.
Furthermore, the adjusted analyses revealed that boys from private and subsidized schools
as well as girls from subsidized schools had lower odds of having low handgrip strength
than their peers attending public schools. These findings suggest that school type (a
surrogate for socioeconomic status) influences muscle strength in schoolchildren.

We also measured muscle power of the lower body with the standing long jump
test. The values obtained in our study were lower than those previously reported in
Chilean children (girls 131 cm and boys 133 cm) [25]. Again, we used the 25th percentile
(by sex and age) as a cutoff to classify children as having low standing long jump. The
values at our 25th percentile are lower than the values at the 25th percentile of previous
studies [37,39]. Thus, the performance on this test by the children in our study was lower
than previously reported. The school type did not influence the standing long jump in boys.
Notably, however, performance by girls was progressively better from public to subsidized
to private schools. School type was thus associated with prevalence of low standing long
jump in unadjusted analyses. Moreover, the adjusted analyses revealed that girls attending
private schools had 59% lower odds of having low standing long jump than girls attending
public schools. These findings reinforce, specifically in girls, the effects of school type on
muscular strength.

Together, our results suggest that the higher the socioeconomic status, the better the
muscular fitness of children. Furthermore, this association seems stronger among girls.
Similar associations have been observed in many previous studies [2,6,9,40,41]. Physical
activity is one of the determinants of muscular fitness. Children in disadvantaged contexts
may have fewer opportunities to engage in physical activity, which might partially explain
the association between socioeconomic status and muscular fitness. Moreover, economic
status can be a limiting factor for undertaking programmed sports, which are the type of
physical activity that mostly impacts muscular fitness [42].
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4.4. Strengths and Limitations

The main strength of our study is the large sample of children randomly chosen from
different school types in order to match the national proportion of children attending each
school type in Chile. This sampling method increases the representativeness of the findings.
The main limitation of our study is the use of school type as a surrogate for socioeconomic
status. Socioeconomic status in Chile is commonly determined by measuring family
income. Unfortunately, we did not have access to this information. Note, however, that
the vulnerability indexes of the included schools supported the association between school
type and socioeconomic status. Another limitation of our study is the use of the 25th and
75th percentiles within our current sample as cutoffs for those variables without reference
values. This reduces the comparability with other studies. Finally, we did not collect data
on dietary status, nutrition education, or levels of physical activity, which are factors that
may help explain the observed associations. Future studies should identify mediators of
the association between the school type attended and overweight/obesity-related markers
and muscular fitness.

5. Conclusions

We showed that girls attending public schools have higher overweight/obesity-related
markers and lower muscular fitness than girls attending subsidized or private schools. In
boys, a similar pattern is observed for muscular fitness. Of note, children with the lowest
socioeconomic statuses attend public schools. Thus, our results highlight the influence of
socioeconomic status on these markers of current and future health. Children attending
public schools, and especially girls, are the most vulnerable group to the development of
health-risky conditions. Strategies to promote healthy lifestyle habits should consider these
differences between school types and sex.

Author Contributions: Conceptualization, M.S.-R. and G.S.; analysis and software, M.S.-R. and
R.F-V; funding acquisition, G.S.; writing—original draft, M.S.-R. and R.E-V.; writing—review and
editing, M.S.-R., R.E-V,, and G.S,; visualization, M.S.-R., R.E-V,, and G.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Fondo Nacional de Investigacién y Desarrollo en Salud FONIS
Project Number SA10120035 from the Chilean Government.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Nutrition Institute and Food Technology of the
University of Chile (Approval code Act No. 33, 2010) for studies involving humans.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Not applicable.

Acknowledgments: Thanks to the children and schools that participated in the study and to the team
of the Nutrition Institute and Food Technology (INTA) that collected the data.

Conflicts of Interest: The authors declare no conflict of interest.

1. World Health Organization. Consideration of the Evidence on Childhood Obesity for the Commission on Ending Childhood Obesity: Report
of the Ad Hoc Working Group on Science and Evidence for Ending Childhood Obesity; World Health Organization: Geneva, Switzerland,
2016. Available online: https://apps.who.int/iris/handle/10665/206549 (accessed on 29 August 2022).

2. Jin, Y,; Jones-Smith, J.C. Associations between family income and children’s physical fitness and obesity in California, 2010-2012.
Prev. Chronic Dis. 2015, 12, 1-9. [CrossRef] [PubMed]

3. Aranceta, J.; Pérez-Rodrigo, C.; Ribas, L.; Serra-Majem, L. Sociodemographic and lifestyle determinants of food patterns in
Spanish children and adolescents: The enKid study. Eur. J. Clin. Nutr. 2003, 57, S40-S44. [CrossRef] [PubMed]

4. Burrows, R.; Diaz, E.; Vito, S.; Gattas, V.; Montoya, A.; Lera, L. Habitos de ingesta y actividad fisica en escolares, segun tipo de
establecimiento al que asisten. Rev. Méd. Chile 2008, 136, 53-63. [CrossRef]


https://apps.who.int/iris/handle/10665/206549
http://doi.org/10.5888/pcd12.140392
http://www.ncbi.nlm.nih.gov/pubmed/25674676
http://doi.org/10.1038/sj.ejcn.1601813
http://www.ncbi.nlm.nih.gov/pubmed/12947451
http://doi.org/10.4067/S0034-98872008000100007

Int. |. Environ. Res. Public Health 2022, 19, 14213 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Clennin, M.N.; Dowda, M.; Sui, X.; Pate, R.R. Area-level Socioeconomic Environment and Cardiorespiratory Fitness in Youth.
Med. Sci. Sports Exerc. 2019, 51, 2474-2481. [CrossRef]

Garber, M.D,; Sajuria, M.; Lobelo, F. Geographical variation in health-related physical fitness and body composition among
chilean 8th graders: A nationally representative cross-sectional study. PLoS ONE 2014, 9, e108053. [CrossRef]

Kranjac, A.W.; Denney, ].T.; Kimbro, R.T.; Moffett, B.S.; Lopez, K.N. Child Obesity and the Interaction of Family and Neighborhood
Socioeconomic Context. Popul. Res. Policy Rev. 2019, 38, 347-369. [CrossRef]

Henriksson, H.; Henriksson, P; Tynelius, P; Ekstedt, M.; Berglind, D.; Labayen, I.; Ruiz, J.R.; Lavie, C.J.; Ortega, F.B. Cardiorespi-
ratory fitness, muscular strength, and obesity in adolescence and later chronic disability due to cardiovascular disease: A cohort
study of 1 million men. Eur. Heart ]. 2020, 41, 1503-1510. [CrossRef] [PubMed]

Jiménez-Pavén, D.; Ortega, F.B.; Ruiz, J.R.; Chillén, P; Castillo, R.; Artero, E.G.; Martinez-Gémez, D.; Vicente-Rodriguez, G.;
Rey-Lépez, ].P; Gracia, L.A.; et al. Influence of socioeconomic factors on fitness and fatness in Spanish adolescents: The AVENA
study. Int. ]. Pediatr. Obes. 2010, 5, 467-473. [CrossRef]

Lona, G.; Hauser, C.; Kochli, S.; Infanger, D.; Endes, K.; Faude, O.; Hanssen, H. Blood Pressure Increase and Microvascular
Dysfunction Accelerate Arterial Stiffening in Children: Modulation by Physical Activity. Front. Physiol. 2020, 11, 1-9. [CrossRef]
[PubMed]

Stewart-Brown, S. What Is the Evidence on School Health Promotion in Improving Health or Preventing Disease and, Specifically,
What Is the Effectiveness of the Health Promoting Schools Approach ? Copenhagen. 2006. Available online: https://www.euro.
who.int/__data/assets/pdf_file/0007 /74653 /E88185.pdf (accessed on 29 August 2022).

Ministry of Education of Chile. Informe de Resultados Educacion Fisica SIMCE [Report Physical Education Test SIMCE] 2010.
Available online: http://archivos.agenciaeducacion.cl/biblioteca_digital_historica/resultados/2011/result8b_edfisica_2011.pdf
(accessed on 29 August 2022).

Educacion 2020. Lo Que Usted Debe Saber si Quiere Hablar de Educacién 2011. Available online: https:/ /educacion2020.cl/wp-
content/uploads/2012/10/lo_que_ud_debe_saber.pdf (accessed on 29 August 2022).

Ministerio de Educacién, Centro de Estudios, Unidad de Estadisticas. Indicadores de la Educacién en Chile, 2010-2016. Santiago,
Chile, 2018. Available online: https:/ /centroestudios.mineduc.cl/wp-content/uploads/sites /100/2018 /03 /INDICADORES _
baja.pdf (accessed on 29 August 2022).

WHO. Growth Reference Data for 5-19 Years. Available online: https://www.who.int/tools/growth-reference-data-for-5to19-
years/indicators /bmi-for-age (accessed on 29 August 2022).

Slaughter, M.; Lohman, T.; Boileau, R.; Horswill, C.; Stillman, R.; Van Loan, M.; Bemden, D. Skinfold equations for estimation of
body fatness in children and youth. Hum. Biol. 1988, 60, 709-723.

Fernandez, J.; Redden, D. Waist circumference percentiles in nationally representative samples of African-American, European-
American, and Mexican-American children and adolescents. . Pediatr. 2004, 145, 439—444. [CrossRef] [PubMed]

Flynn, ].T.; Falkner, B.E. Clinical Practice Guideline for Screening and Management of High Blood Pressure in Children and
Adolescents. Hypertension 2017, 70, 683-686. [CrossRef] [PubMed]

Ramirez-Vélez, R.; Rodrigues-Bezerra, D.; Correa-Bautista, J.E.; Izquierdo, M.; Lobelo, F. Reliability of Health-Related Physical
Fitness Tests among Colombian Children and Adolescents: The FUPRECOL Study. PLoS ONE 2015, 10, e0140875. [CrossRef]
[PubMed]

Corvalan, C.; Garmendia, M.L.; Jones-Smith, J.; Lutter, C.K,; Miranda, J.J.; Pedraza, L.S.; Popkin, B.M.; Ramirez-Zea, M.; Salvo, D.;
Stein, A.D. Nutrition status of children in Latin America. Obes. Rev. 2017, 18, 7-18. [CrossRef]

Avalos, C.; Diaz, C.; Martinez, A.; Bancalari, R.; Zamorano, J.; Harbin, F; Cerda, V.; Fernandez, M.; Cavada, G.; Arteaga, J.; et al.
Waist circumference percentiles in children and adolescents between 6 and 14 years from Santiago, Chile. Endocrinol. Nutr. 2012,
59, 296-303. [CrossRef]

Diaz, X. Estudio comparativo de aptitud fisica y estado nutricional, segtin indice de vulnerabilidad escolar (IVE), en estudiantes
de Chillan, Chile. Prax. Educ. 2007, 11, 95-102.

Sepulveda-Pefialoza, A.; Cumsille, F.; Garrido, M.; Matus, P.; Vera-Concha, G.; Urquidi, C. Geographical disparities in obesity
prevalence: Small-area analysis of the Chilean National Health Surveys. BMC Public Health 2022, 22, 1443. [CrossRef]
Gomez-Campos, R.; Arruda, M.; Andruske, C.L.; Leite-Portella, D.; Pacheco-Carrillo, J.; Urral-Albornoz, C.; Sulla-Torres, J.;
Luarte-Rocha, C.; Cossio-Bolafios, M.A. Physical growth and body adiposity curves in students of the Maule Region (Chile).
Front. Pediatr. 2019, 7, 323. [CrossRef]

Muros, J.J.; Cofre-Bolados, C.; Arriscado, D.; Zurita, F; Knox, E. Mediterranean diet adherence is associated with lifestyle, physical
fitness, and mental wellness among 10-y-olds in Chile. Nutrition 2017, 35, 87-92. [CrossRef]

Palacio-Agtiero, A.; Diaz-Torrente, X.; Quintiliano Scarpelli Dourado, D. Relative handgrip strength, nutritional status and
abdominal obesity in Chilean adolescents. PLoS ONE 2020, 15, e0234316. [CrossRef]

Sudrez-Reyes, M.; Quintiliano-Scarpelli, D.; Fernandes, A.P,; Cofré-Bolados, C.; Pizarro, T. Lifestyle Habits and Health Indicators
in Migrants and Native Schoolchildren in Chile. Int. ]. Environ. Res. Public Health 2021, 18, 5855. [CrossRef] [PubMed]

Urrejola, P.; Herndndez, M.L; Icaza, M.G.; Velandia, S.; Reyes, M.L.; Hodgson, M.I. Estimacion de masa grasa en nifios chilenos:
Ecuaciones de pliegues subcutaneos vs densitometria de doble fotén. Rev. Chil. Pediatr. 2011, 82, 502-511. [CrossRef]

McCarthy, H.D.; Cole, T.J.; Fry, T.; Jebb, S.A.; Prentice, A.M. Body fat reference curves for children. Int. J. Obes. 2006, 30, 598-602.
[CrossRef]


http://doi.org/10.1249/MSS.0000000000002066
http://doi.org/10.1371/journal.pone.0108053
http://doi.org/10.1007/s11113-018-9504-2
http://doi.org/10.1093/eurheartj/ehz774
http://www.ncbi.nlm.nih.gov/pubmed/31710669
http://doi.org/10.3109/17477160903576093
http://doi.org/10.3389/fphys.2020.613003
http://www.ncbi.nlm.nih.gov/pubmed/33391029
https://www.euro.who.int/__data/assets/pdf_file/0007/74653/E88185.pdf
https://www.euro.who.int/__data/assets/pdf_file/0007/74653/E88185.pdf
http://archivos.agenciaeducacion.cl/biblioteca_digital_historica/resultados/2011/result8b_edfisica_2011.pdf
https://educacion2020.cl/wp-content/uploads/2012/10/lo_que_ud_debe_saber.pdf
https://educacion2020.cl/wp-content/uploads/2012/10/lo_que_ud_debe_saber.pdf
https://centroestudios.mineduc.cl/wp-content/uploads/sites/100/2018/03/INDICADORES_baja.pdf
https://centroestudios.mineduc.cl/wp-content/uploads/sites/100/2018/03/INDICADORES_baja.pdf
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
http://doi.org/10.1016/j.jpeds.2004.06.044
http://www.ncbi.nlm.nih.gov/pubmed/15480363
http://doi.org/10.1161/HYPERTENSIONAHA.117.10050
http://www.ncbi.nlm.nih.gov/pubmed/28827475
http://doi.org/10.1371/journal.pone.0140875
http://www.ncbi.nlm.nih.gov/pubmed/26474474
http://doi.org/10.1111/obr.12571
http://doi.org/10.1016/j.endonu.2012.02.007
http://doi.org/10.1186/s12889-022-13841-2
http://doi.org/10.3389/fped.2019.00323
http://doi.org/10.1016/j.nut.2016.11.002
http://doi.org/10.1371/journal.pone.0234316
http://doi.org/10.3390/ijerph18115855
http://www.ncbi.nlm.nih.gov/pubmed/34072527
http://doi.org/10.4067/S0370-41062011000600004
http://doi.org/10.1038/sj.ijo.0803232

Int. |. Environ. Res. Public Health 2022, 19, 14213 10 of 10

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lindberg, L.; Persson, M.; Danielsson, P.; Hagman, E.; Marcus, C. Obesity in childhood, socioeconomic status, and completion of
12 or more school years: A prospective cohort study. BM] Open 2021, 11, e040432. [CrossRef] [PubMed]

Chen, X.; Wang, Y. Tracking of blood pressure from childhood to adulthood: A systematic review and meta-regression analysis.
Circulation 2008, 117, 3171-3180. [CrossRef]

Aglony, LM.; Arnaiz, G.P; Acevedo, B.M.; Barja, Y.S.; Marquez, U.S.; Guzman, A.B.; Berrios, C.X. Perfil de presién arterial e
historia familiar de hipertension en nifios escolares sanos de Santiago de Chile. Rev. Med. Chil. 2009, 137, 39-45. [CrossRef]
Bancalari, R.; Diaz, C.; Martinez-Aguayo, A.; Aglony, M.; Zamorano, J.; Cerda, V.; Fernandez, M.; Garbin, F.; Cavada, G.;
Valenzuela, M.; et al. Prevalence of hypertension in school age children and its association with obesity. Rev. Med. Chil. 2011, 139,
872-879. [CrossRef]

Ortega, EB.; Ruiz, J.R.; Castillo, M.].; Sjostrém, M. Physical fitness in childhood and adolescence: A powerful marker of health.
Int. J. Obes. 2008, 32, 1-11. [CrossRef]

Smith, ].J.; Eather, N.; Morgan, PJ.; Plotnikoff, R.C.; Faigenbaum, A.D.; Lubans, D.R. The health benefits of muscular fitness for
children and adolescents: A systematic review and meta-analysis. Sport. Med. 2014, 44, 1209-1223. [CrossRef]

Garcia-Hermoso, A.; Cofre-Bolados, C.; Andrade-Schnettler, R.; Ceballos-Ceballos, R.; Fernandez-Vergara, O.; Vegas-Heredia,
E.D.; Ramirez-Vélez, R.; Izquierdo, M. Normative Reference Values for Handgrip Strength in Chilean Children at 8-12 Years Old
Using the Empirical Distribution and the Lambda, Mu, and Sigma Statistical Methods. J. Strength Cond. Res. 2021, 35, 260-266.
[CrossRef]

Tomkinson, G.R.; Carver, K.D.; Atkinson, F; Daniell, N.D.; Lewis, L.K ; Fitzgerald, ].S.; Lang, ].].; Ortega, F.B. European normative
values for physical fitness in children and adolescents aged 9-17 years: Results from 2 779 165 Eurofit performances representing
30 countries. Br. J. Sports Med. 2018, 52, 1445-1456. [CrossRef] [PubMed]

Marrodan Serrano, M.D.; Romero Collazos, J.E; Moreno Romero, S.; Mesa Santurino, M.S.; Cabafias Armesilla, M.D.; Pacheco Del
Cerro, J.L.; Gonzalez-Montero de Espinosa, M. Handgrip strength in children and teenagers aged from 6 to 18 years: Reference
values and relationship with size and body composition. An. Pediatr. 2009, 70, 340-348. [CrossRef] [PubMed]

De Miguel-Etayo, P.; Gracia-Marco, L.; Ortega, F.B.; Intemann, T.; Foraita, R.; Lissner, L.; Oja, L.; Barba, G.; Michels, N.; Tornaritis,
M.; et al. Physical fitness reference standards in European children: The IDEFICS study. Int. ]. Obes. 2014, 38, S57-566. [CrossRef]
[PubMed]

Bohr, A.D.; Brown, D.D.; Laurson, K.R.; Smith, PJ.K.; Bass, R.W. Relationship Between Socioeconomic Status and Physical Fitness
in Junior High School Students. J. Sch. Health 2013, 83, 542-547. [CrossRef]

Diaz-Martinez, X.; Garrido, A.; Martinez, M.A.; Leiva, A.M.; Alvarez, C.; Ramirez-Campillo, R.; Cristi-Montero, C.; Rodriguez, F.;
Salas-Bravo, C.; Duran, E.; et al. Factores asociados a inactividad fisica en chile: Resultados de la encuesta nacional de salud
2009-2010. Rev. Med. Chil. 2017, 145, 1259-1267. [CrossRef] [PubMed]

Reimers, A K.; Brzoska, P.; Niessner, C.; Schmidt, S.C.E.; Worth, A.; Woll, A. Are there disparities in different domains of physical
activity between school-aged migrant and non-migrant children and adolescents? Insights from Germany. PLoS ONE 2019, 14,
€0214022. [CrossRef]


http://doi.org/10.1136/bmjopen-2020-040432
http://www.ncbi.nlm.nih.gov/pubmed/33707266
http://doi.org/10.1161/CIRCULATIONAHA.107.730366
http://doi.org/10.4067/S0034-98872009000100006
http://doi.org/10.4067/S0034-98872011000700007
http://doi.org/10.1038/sj.ijo.0803774
http://doi.org/10.1007/s40279-014-0196-4
http://doi.org/10.1519/JSC.0000000000002631
http://doi.org/10.1136/bjsports-2017-098253
http://www.ncbi.nlm.nih.gov/pubmed/29191931
http://doi.org/10.1016/j.anpedi.2008.11.025
http://www.ncbi.nlm.nih.gov/pubmed/19268640
http://doi.org/10.1038/ijo.2014.136
http://www.ncbi.nlm.nih.gov/pubmed/25376221
http://doi.org/10.1111/josh.12063
http://doi.org/10.4067/S0034-98872017001001259
http://www.ncbi.nlm.nih.gov/pubmed/29488566
http://doi.org/10.1371/journal.pone.0214022

	Introduction 
	Materials and Methods 
	Design, Subjects, and Setting 
	Instruments and Data Collection 
	Statistics 

	Results 
	Discussion 
	Overweight/Obesity-Related Markers 
	Blood Pressure 
	Muscular Fitness 
	Strengths and Limitations 

	Conclusions 
	References

