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Abstract

Objective: To compare the cardiovascular risk and physical fitness, according to type of school in

a national sample of Chilean school students.

Methods: A total of 7,218 students participated, who completed all the national tests of the

National System for Measuring the Quality of Education, which included physical fitness and

anthropometric tests. The results were compared according to the type of educational establish-

ment and anthropometric indicators were considered. Physical fitness was measured by lower

extremity strength, abdominal strength, upper extremity strength, trunk flexibility, exertional
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heart rate, and cardiorespiratory fitness. Body mass index, heart rate, and waist-to-height ratio

were analyzed as predictors of cardiovascular risk.

Results: There were differences according to the type of establishment in the predictors of car-

diovascular risk (p < 0.05). Differences were also found in the physical fitness tests evaluated (p

< 0.01). Students in private schools (PSC) and subsidized schools (SC) had lower levels of cardio-

vascular risk and higher levels of physical fitness than public schools (PS) and schools with dele-

gated administration (DA).

Conclusions: In conclusion, students in educational establishments with a higher socioeconomic

level have lower levels of cardiovascular risk and better physical fitness than students in public

establishments. The authors suggest considering specific school interventions to mitigate cardio-

vascular risk and improve physical fitness among this vulnerable population. To this end, future

studies should analyze the characteristics of physical activity and nutritional habits in schools to

determine the factors that affect the results.

© 2024 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/

).

1 Introduction

2 In Latin America, and specifically in Chile, educational insti-
3 tutions reflect significant socioeconomic and cultural dispar-
4 ities, with public and delegated administration schools
5 primarily serving students from lower socioeconomic back-
6 grounds, in contrast to subsidized and private schools that
7 cater to those from higher economic levels.1 Despite educa-
8 tional principles advocating for universal accessibility and
9 non-discrimination,2 Chilean schools are segregated by

10 type, reinforcing socioeconomic divides. Physical activity
11 (PA) levels are notably low, especially among students in
12 public schools who exhibit higher physical inactivity and car-
13 diovascular risk (CR) due to limited access to sports facilities
14 compared to their counterparts in private institutions.3 This
15 disparity is evident in physical fitness levels, with students,
16 particularly females, in public or municipal schools perform-
17 ing worse than those in private schools,4 highlighting the
18 influence of educational establishment type on physical fit-
19 ness and CR.
20 The global epidemic of childhood obesity, with a signifi-
21 cant impact on health that extends into adulthood, has
22 seen a dramatic increase in prevalence among Chilean
23 children, tripling to 23.9% by 2017.5 This surge in obesity is
24 closely linked to adverse health outcomes, including meta-
25 bolic syndromes like altered insulin levels, hypercholester-
26 olemia,6 type 2 diabetes, and cardiovascular diseases from
27 an early age.7 Early childhood obesity contributes to the
28 development of cardiometabolic risk factors, such as dysli-
29 pidemia, diabetes, hypertension, and insulin resistance,
30 which are significant predictors of atherosclerosis and sub-
31 clinical cardiovascular diseases in later life.8 These find-
32 ings underscore the urgent need for interventions
33 targeting obesity and overweight in children to mitigate
34 long-term cardiometabolic risks and improve overall
35 health outcomes.
36 Research on Chilean children by Díez et al.9 demonstrates
37 that BMI significantly mediates the link between muscular
38 fitness and cardiometabolic risk, with normal-weight chil-
39 dren having healthier profiles than overweight peers. Fur-
40 ther studies indicate that children with low academic
41 performance, malnutrition, and those from less affluent
42 public schools face higher health risks.4 Physical activity

43(PA) levels are influenced by sociodemographic factors, such
44as age, gender, and socioeconomic status, showing that
45lower socioeconomic status is associated with reduced PA,
46which exacerbates health risks like obesity.10 Moreover, sig-
47nificant gender and socioeconomic disparities in PA levels
48have been found among adolescents in Global South Coun-
49tries, including Chile, regardless of development or gender
50inequality indices, highlighting widespread disparities.11

51In 2010, Chile introduced a fitness assessment in the
52national education survey, which led to a study by Garber et
53al.12 revealing significant geographic disparities in the physi-
54cal fitness levels of eighth-grade students across Chile, influ-
55enced by geographic, educational, economic, and climatic
56factors.12 Building on this, the objective of the study was to
57compare the cardiovascular risk and physical fitness, accord-
58ing to type of school in a national sample of Chilean school
59students.

60Methods

61Study design

62Comparative cross-sectional study. The objective of the
63SIMCE assessment is to evaluate the physical condition of
64schoolchildren. This evaluation is carried out within the edu-
65cational establishments through the SIMCE-EFI program and
66consists of a nationally representative sampling among 8th
67grade students. Prior to these evaluations, the evaluators
68are trained by a team from the Chilean Ministry of Educa-
69tion, ensuring the correct execution of the project.13

70Participants

71From a total of 30,654 students evaluated, 7,218 students
72participated in the national physical fitness tests (SIMCE-
73EF), with the study including all students who completed
74both the physical fitness and anthropometric assessments.
75The sample was collected based on stratified sampling
76according to the type of educational establishment, to quan-
77tify the number of participants, the total number of adoles-
78cents enrolled by region was considered.
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79 Cardiovascular risk

80 The waist-to-height ratio (WHtR) is determined by dividing
81 the waist circumference (WC) by the height, serving as an
82 effective index for assessing cardiovascular risk in chil-
83 dren.14 Body Mass Index (BMI) is calculated by dividing
84 weight in kilograms by the square of height in meters to
85 evaluate the relationship between body mass and height.
86 Anthropometric indicators include body weight, measured
87 with the student on a scale in minimal clothing and barefoot,
88 ensuring accuracy to one decimal place. Body height is
89 assessed with the student standing straight, barefoot, and
90 looking forward, with heels touching the base of the measur-
91 ing rod, and recorded in centimeters. BMI was obtained by
92 dividing weight by height squared (Weight (kg) /Height
93 (m)2).15

94 Waist circumference is measured at the narrowest point
95 between the lower rib and the iliac crest or at the midpoint
96 between these two if the narrowest area is not apparent,
97 recorded to one decimal place in centimeters.

98 Physical fitness

99 The study incorporates various physical fitness assessments,
100 detailed as follows:

101 � Abdominal Strength (Sit-ups): Participants perform
102 crunches on a mat, aiming to touch a second mark 10 cen-
103 timeters away with their middle fingers, within a minute
104 to the rhythm of a sound stimulus. The total crunches are
105 recorded.
106 � Cardiorespiratory Fitness (20 Meters Shuttle Run Test):
107 Involves running between two lines 20 meters apart at
108 increasing speeds with audio cues, concluding when the
109 participant misses the cue twice. The total laps achieved
110 within 15 minutes are documented.16

111 � Lower Limb Strength (Horizontal Jump Test): Participants
112 jump as far as possible from a standstill, with two
113 attempts allowed and the best distance in centimeters
114 recorded.13

115 � Upper Limb Strength (Push-ups): Students perform push-
116 ups, with males in a plank position and females using
117 hands and knees for support, for 30 seconds. The total
118 push-ups completed are tallied.13

119 � Sit and Reach Flexibility Test: Measures flexibility by hav-
120 ing students stretch forward while seated with legs
121 extended, recording the furthest distance reached over
122 two attempts in centimeters.

123 Type of school

124 For this study, the participant sample was categorized based
125 on the type of school attended: Public School (PS), Subsi-
126 dized with Shared Financing (SC), Delegated Administration
127 School (DL), and Private School (PSC). The categories are
128 defined by the Chilean Ministry of Education. In Chile,
129 regardless of geographical location, schools are divided
130 according to the type of funding as follows: public schools
131 (PS), which are fully funded by the government, delegated
132 administration schools (DA), which are funded through
133 administration agreements signed with private law entities,
134 subsidized schools (SC), which are funded jointly by the

135government and families, and private schools (PSC), which
136are fully funded by families.17

137Ethical aspects of the research

138The study was conducted in accordance with the Declaration
139of Helsinki's ethical guideline, securing informed consent
140from both guardians and participants before conducting
141evaluations. It also received ethical approval from the bio-
142ethics and biosafety committee of the Pontificia Universidad
143Cat�olica de Valparaíso (Code BIOPUCV-H516 2022), underlin-
144ing its commitment to enhancing physical education quality.

145Statistical analysis

146For the analysis of the study's findings, JAMOVI� version
1472.3.21 for Windows� was employed. The mean and standard
148deviation statistics were used to describe the variables
149according to educational establishment. He first performed
150a normality test using the Kolmogorov and Smirnov test. The
151statistical approach encompassed descriptive statistics and
152an Analysis of Variance (ANOVA) test. Tukey's post hoc analy-
153sis, adjusted for sex and age, was utilized to compare met-
154rics across different types of educational establishments. A
155significance threshold was set at p < 0.05, ensuring that
156observed differences were statistically meaningful.

157Results

158Table 1 highlights variations in body composition and cardio-
159vascular risk (CR) factors among students by school type,
160showing significant differences in Body Mass Index (BMI) and
161Waist-to-Height Ratio (WHtR) based on educational estab-
162lishment. Despite similar average ages of around 15.9 years,
163variations in age distribution exist among school types.
164Height shows significant differences (p < .001), suggesting
165stature disparities, whereas weight differences are not sta-
166tistically significant (p = 0.323). Notably, BMI and WHtR val-
167ues significantly vary (p = 0.028 and p < .001, respectively),
168with private school students exhibiting lower averages, indi-
169cating potential disparities in obesity and overweight preva-
170lence, and a healthier body composition concerning
171cardiovascular risk. These findings emphasize the impact of
172school type on students' health, particularly in relation to CR
173factors.
174Table 2 demonstrates significant differences in physical
175fitness outcomes among students from various school types,
176highlighting the influence of educational environments on
177fitness levels. Private school students excel in sit-ups and
178horizontal jumps, reflecting superior core and lower limb
179strength (p < .001), whereas subsidized school students
180show the highest aerobic capacity, as indicated by VO2max
181values (p < .001). Trunk flexibility varies modestly across
182groups (p = 0.002), and private school students also lead in
183push-up performance (p < .001), signaling enhanced upper
184body strength.
185Figure 1 illustrates that students from Private Schools
186(PSC) and Subsidized Schools with Shared Financing (SSC)
187exhibit lower levels of cardiovascular risk (CR) when
188assessed through the waist-to-height ratio (p < 0.001) and
189Body Mass Index (BMI) (p = 0.026) compared to their
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190 counterparts in other educational groups. Differences were
191 also observed between PSC with DA and PS (p = 0.028).

192 Discussion

193 The primary aim of this investigation was to evaluate CR and
194 physical fitness disparities based on gender, socioeconomic
195 status, educational institution type, and geographical region
196 within a comprehensive national cohort of Chilean students.
197 The findings from this analysis revealed that the determi-
198 nants of cardiorespiratory fitness exhibit significant varian-
199 ces contingent upon the physical fitness levels. In Chile,
200 children of low socioeconomic status usually attend public
201 schools and have few opportunities to engage in healthy
202 behaviors. This may increase their risk of overweight/obe-
203 sity and low muscular fitness. In this line, Su�arez-Reyes et
204 al.18 determined the association between the type of school
205 they attend with markers related to overweight/obesity and
206 the muscular condition of children in Chile. The associations
207 were observed mainly in girls. Overall, girls who attended
208 public schools showed an elevated risk of markers related to
209 overweight/obesity and lower muscle fitness compared to
210 those who attended charter or private schools. These results
211 highlight the influence of social context and economic status
212 on current and likely future child health. Even, an earlier

213study reported a prevalence of 40% overweight/obesity in
214Chilean children, with no differences according to socioeco-
215nomic level (i.e., poverty).19 Other studies also found signifi-
216cant disparities in nutritional status and muscle function
217among Chilean adolescents based on their vulnerability
218index. Castro et al.20 concluded that adolescents with higher
219vulnerability indices exhibit poorer nutritional and muscular
220function indicators. These findings underscore the need for
221targeted interventions to enhance health and physical per-
222formance within this vulnerable group. The results align
223with existing literature indicating that socioeconomic fac-
224tors profoundly influence children's health outcomes and
225physical capabilities, suggesting comprehensive strategies
226are required to address these inequalities effectively.
227Moreover, regional comparisons of Body Mass Index (BMI),
228and Waist-to-Hip Ratio (WHR) disclosed notable differences.
229Pertaining to the variances in cardiorespiratory fitness
230determinants relative to fitness levels, prior research has
231corroborated that physical fitness serves as a formidable
232prognosticator of imminent health outcomes and various
233comorbid conditions.21

234Substantial evidence22 has underscored a negative associ-
235ation between BMI and aerobic capacity, denoting that an
236escalation in BMI inversely affects cardiorespiratory fitness
237scores. This pattern, consistent among adults sharing similar
238traits, underscores the dire health implications should these

Table 1 Basic characteristics, body composition and CR in the group of students according to type of school.

Variable PS

(n = 883)

DA

(n = 2011)

PSC

(n = 417)

SC

(n = 3907)

p value

Age (years) 15.9 § 0.8 15.9 § 0.8 15.9 § 0.5 15.8 § 0.7 < .001*

Weight (kg) 58.5 § 12.3 58.6 § 12.3 57.4 § 10.6 58.5 § 12.0 0.323

Height (cm) 161.2 § 8.0 160.8 § 8.1 162.3 § 7.6 161.1 § 8.0 < .001**

Waist (cm) 73.4 § 9.8 73.5 § 10.0 72.0 § 8.8 73.2 § 10.2 0.095

BMI 18.1 § 3.4 18.1 § 3.4 17.6 § 2.9 18.1 § 3.4 0.028***

WHtR 0.456 § 0.060 0.457 § 0.060 0.444 § 0.052 0.455 § 0.062 < .001****

PS, Public school; DA, Delegated administration; PSC, Private school; SC, Subsidized school.
* Differences between PS with SC and DAwith SC.
** Differences between PSC with all groups. Differences between DA and SC.
*** Differences between PSC with DA and PS.
**** Differences between PSC with all groups. All differences with p-value < 0.05.

Table 2 Variables of physical fitness in the group of students according to type of school.

Variable PS

(n = 883)

DA

(n = 2011)

PSC

(n = 417)

SC

(n = 3907)

p value

Sit ups (reps) 22.4 § 5.1 22.2 § 5.3 23.8 § 3.0 22.7 § 4.8 < .001*

VO2max (mL/kg/min) 28.5 § 3.1 28.2 § 1.8 28.7 § 2.4 29.0 § 3.6 < .001**

Trunk flexibility (cm) 29.1 § 8.1 29.6 § 7.8 28.6 § 9.4 29.3 § 8.3 0.002***

Horizontal jump (cm) 143.5 § 31.8 144.4 § 35.6 159.3 § 32.4 142.3 § 34.8 < .001****

Push ups (reps) 16.6 § 9.1 15.4 § 8.5 17.3 § 8.8 15.3 § 8.3 < .001*****

PS, Public school; DA, Delegated administration; PSC, Private school; SSC, Subsidized school.
* Differences between PSC and all groups. Differences between DA and SC.
** Differences between SC with PS and DA. Differences between PSC and DA. Differences between PS and DA. Differences between DA

with PSC and SC.
**** Differences between PSC with all groups.
***** Differences between PSC with DA and SC. Differences between PS with DA and SC.
******* Differences between PS with DA, PSC and SC. Differences between DA and SC.
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239 trends persist unaltered. L�opes et al.23 elucidated that an
240 enhanced cardiovascular profile is intrinsically linked to
241 superior aerobic capacity. Concurrently, Nqweniso et al.24

242 highlighted that a demographic of boys and girls character-
243 ized by diminished levels of light physical activity (PA) and
244 lower Vo2 max scores exhibited a higher prevalence of total
245 and high-density lipoprotein cholesterol with increasing
246 age. This condition suggests a diminished likelihood among
247 youth to achieve the recommended PA guidelines. Addition-
248 ally, it posits that physical fitness, particularly cardiorespira-
249 tory fitness, may mitigate the adverse effects of BMI on
250 cardiovascular disease risk and the prevalence of obesity-
251 related comorbidities, notably among children and
252 adolescents.25

253 Conversely, a negative correlation has been established
254 between adipose tissue accumulation and cardiorespiratory
255 fitness in children classified as obese compared to their nor-
256 mal-weight counterparts, a phenomenon observed irrespec-
257 tive of their physical activity (PA) levels.26 In a similar vein,
258 research by Olagbegi et al.23 has pinpointed that children
259 experiencing the highest incidence of cardiovascular events
260 are those with elevated Human Development Index (HDI)
261 scores and higher systolic blood pressure readings. Addition-
262 ally, an investigation conducted by Delgado et al.7 on Chil-
263 ean schoolchildren revealed that those of normal weight
264 exhibited superior outcomes in health-related physical fit-
265 ness metrics compared to their overweight and obese peers.
266 This finding is consistent with the research conducted by
267 Ceschia et al.,27 which demonstrated that overweight and
268 obese children possess significantly reduced levels of physi-
269 cal fitness in contrast to their normal-weight counterparts.
270 This underscores an observable trend where physical fitness

271levels are inversely impacted by weight status, as corrobo-
272rated by various studies.9

273Chen et al.28 and Lopes et al.23 studies reveal that in Chi-
274nese and Brazilian children and adolescents, physical fitness
275peaks within a normative BMI range, with both lower and
276higher BMI extremes linked to reduced fitness, suggesting an
277inverted U-shaped correlation across age groups. These find-
278ings highlight the importance of maintaining an optimal BMI
279to enhance physical fitness and mitigate disease risk,
280emphasizing a balanced approach involving regular physical
281activity and dietary moderation to keep BMI within recom-
282mended levels. This underscores the complex relationship
283between BMI and physical fitness, advocating for health and
284wellness strategies that promote physical activity and die-
285tary balance to improve overall physical fitness and health
286outcomes.
287In analyzing the impact of waist circumference differences
288by gender and the administrative classification of educational
289institutions among participants, the present study found no
290statistically significant disparities. However, an interesting
291pattern emerged, indicating that students from private
292schools exhibited lower waist circumferences compared to
293their peers in public, delegated administration, and subsi-
294dized educational settings. This observation suggests a poten-
295tial link between socioeconomic status, as inferred from the
296type of educational institution attended, and health out-
297comes related to obesity and metabolic health. Further
298exploration of this phenomenon is supported by Smith et
299al.,29 who found that children and adolescents attending
300schools in more affluent areas had better access to resources
301that promote a healthier lifestyle, such as quality physical
302education, healthier food options, and safer environments for

Figure 1 Waist-to-height ratio and body mass index according to type of school.
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303 active play, contributing to healthier body metrics. Similarly,
304 Johnson et al.30 demonstrated that socioeconomic factors
305 play a significant role in determining health outcomes, includ-
306 ing obesity rates among children, suggesting that interven-
307 tions to reduce waist circumference should not only focus on
308 individual behaviors but also address broader socioeconomic
309 and environmental determinants.
310 Recent studies highlight a negative correlation between
311 waist circumference (an indicator of adiposity) and physical
312 fitness in Chilean children and adolescents, showing that
313 increased body fat adversely affects lower extremity
314 strength and overall physical performance.31 Further
315 research by Bustos et al.32 supports this, finding that chil-
316 dren with healthier lifestyles exhibit lower BMI and waist cir-
317 cumference, alongside better cardiorespiratory fitness and
318 strength. This relationship is partly due to declining physical
319 activity levels, increased sedentary behavior, and rising
320 abdominal obesity among this population.33 These findings
321 underscore the importance of interventions to promote
322 physical activity and reduce sedentary habits, aiming to
323 improve physical fitness and counteract the negative health
324 impacts of adiposity in children and adolescents.
325 Urban living significantly impacts children's health, mak-
326 ing them particularly vulnerable to its adverse effects due
327 to their limited autonomy and the influence of their environ-
328 ment. The expansion of urban areas introduces environmen-
329 tal stressors like increased air and noise pollution and a lack
330 of green spaces, leading to more sedentary lifestyles and an
331 energy imbalance. This contributes to higher rates of over-
332 weight and obesity among urban children, adversely affect-
333 ing their cardiovascular health.34 A study by Islam et al.35

334 comparing cardiovascular disease risk factors in urban versus
335 rural schoolchildren in Bangladesh found a significant urban-
336 rural gradient in obesity prevalence, with urban children
337 showing higher rates of obesity and overweight. This under-
338 scores the critical need to address urban-specific health risks
339 and implement strategies to mitigate the impact of urban
340 environments on children's cardiovascular well-being.
341 Monitoring physical fitness and body weight in children and
342 adolescents is crucial for preventing obesity and related
343 health issues, with the prepubertal phase being particularly
344 vital for establishing lasting healthy habits. Schools are iden-
345 tified as key venues for health interventions and monitoring
346 due to their access to diverse groups of children. This study
347 highlights the need for region-specific programs that consider
348 local socioeconomic and demographic factors, given the
349 observed variation in health risk factors across different parts
350 of the country. Additionally, there is a noted research gap
351 regarding the impact of sociodemographic variables on health
352 risks like arterial hypertension in children. Joubert et al.36

353 emphasize the importance of further research to understand
354 and address health disparities influenced by sociodemo-
355 graphic differences, stressing the importance of tailored
356 interventions to improve health outcomes in the pediatric
357 population.

358 Conclusion

359 In conclusion, students in educational establishments with a
360 higher socioeconomic level have lower levels of cardiovascu-
361 lar risk and better physical fitness than students in public

362establishments. The authors suggest considering specific
363school interventions to mitigate cardiovascular risk and
364improve physical fitness among this vulnerable population.
365To this end, future studies should analyze the characteristics
366of physical activity and nutritional habits in schools to deter-
367mine the factors that affect the results.
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