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Abstract
The purpose of this study was to predict an academic achievement model based on cardiorespiratory fitness (CRF) 
and body mass index (BMI) in ninth-graders. The study sample included 6 530 adolescents from 341 public schools 
in Slovakia. Criterion-referenced competency tests measuring academic performance in mathematics and mother 
language (Slovak), CRF, and BMI were assessed in the academic year 2022–2023. The results from the Random 
Forest Regression (RFR) machine learning algorithm suggest that adolescents who meet the international CRF and 
BMI criterion-referenced standards have a higher probability of getting a higher academic achievement score than 
unfit students with overweight or obesity. The chances of achieving the highest level of academic performance 
rose by 165% in mathematics and by 484% in mother language for boys who were fit and of normal weight 
compared to unfit boys with obesity. Unfit boys with obesity and unfit overweight girls had significantly lower 
odds of having the highest level of academic achievement compared to fit and normal-weight adolescents in 
mathematics (OR = 0.38; 95% CI, 0.20–0.71; p = 0.003; OR = 0.32; 95% CI, 0.18–0.55; p < 0.001) and mother language, 
respectively (OR = 0.17; 95% CI, 0.09–0.34; p < 0.001; OR = 0.17; 95% CI, 0.08–0.38; p < 0.001). Our results suggest 
that CRF is a significant predictor, with fit and normal-weight boys showing higher odds of better academic 
performance, but the model’s modest predictive power suggests other factors also play a role.

Key message
What is known:
• Previous research has demonstrated a significant relationship between weight status, physical fitness, and 
academic performance, primarily by evaluating students’ grades at the end of the school year. Yet, the predictive 
power was unknown.

The prediction model of academic 
achievement based on cardiorespiratory 
fitness and BMI status for ninth-grade 
students
Viktor Bielik1*†, Vladimír Nosáľ2†, Libuša Nechalová1,3, Milan Špánik4, Katarína Žilková5 and Marian Grendar6†

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-024-05353-2&domain=pdf&date_stamp=2025-1-7


Page 2 of 11Bielik et al. BMC Pediatrics           (2025) 25:20 

Introduction
Physical fitness and regular physical activity, including 
sports participation, have been linked to several physi-
cal health benefits for children and adolescents, including 
improved cardiovascular risk [1] factors, increased bone 
mineral content and density [2], favorable lean body mass 
[3], and the prevention of metabolic syndrome and type 
2 diabetes [4, 5]. In addition to physical benefits, find-
ings from the meta-analysis suggest that physical exer-
cise can improve mental health in schoolchildren [6]. 
Furthermore, regular exercise has been associated with 
decreased anxiety and depression symptoms, improved 
mood, better stress management, and higher self-esteem 
and confidence [7, 8]. Therefore, teenagers’ happiness 
and mental health are significantly influenced by physical 
activity [9].

Another significant benefit of physical fitness for 
schoolchildren is brain health and cognition [10]. Car-
diorespiratory fitness (CRF) may be associated with func-
tional connectivity between the frontal and hippocampus 
subregions in children with overweight or obesity [11]. 
Thus, better cognitive function could lead to better aca-
demic results. However, the results of a single-factor 
BMI analysis showed a weak, nonlinear correlation with 
academic achievement [12]. Additionally, the “fat but 
fit” paradigm suggests that CRF levels can mitigate the 
impact of obesity on certain cardiometabolic risk factors 
and health-related quality of life in schoolchildren [13]. 
Some findings revealed that increases in CRF may posi-
tively influence the development of specific brain regions 
and academic indicators, thereby mitigating the harm-
ful effects of overweight and obesity on brain structure 
during childhood [14]. Several other studies have found 
a significant association between academic performance 
and the combined effects of weight status and physical 
fitness [15–17]. In contrast, CRF, estimated from per-
formance in the 20-meter shuttle run or assessed using 
a graded maximal cycle ergometer test, did not show a 
significant association with academic grades in language 
and mathematics when considered as a single factor [18, 
19].

Though, most of the research reported academic 
achievement based on students’ marks at the end of the 
academic year [19, 20]. It is possible that the approaches 
used by teachers to assess students’ performance based 

on grades may have differed not only across the coun-
try but also within the school. Thus, the purpose of this 
study was to use standardized external testing in math-
ematics and Slovak language to examine the relationship 
between academic performance, body weight status, and 
CRF among ninth-grade students in a larger cohort.

Several machine learning models have been employed 
to predict academic performance; however, the findings 
regarding physical fitness factors remain limited [21]. 
Findings from ensemble learning models highlight the 
combined influence of factors such as sex, physical fit-
ness, and body composition on the academic achieve-
ment of primary school students [22]. Therefore, this 
study had the ambition to predict a model of academic 
achievement based on sex, physical fitness, and BMI sta-
tus for ninth-grade students.

Methods and materials
Study design and participants
This project was applied to students from 341 public 
schools distributed in all eight regions of Slovakia in the 
academic year 2022–2023. It was part of the national 
physical fitness project of the Slovak Olympic and Sports 
Committee (OLOV). More details about the OLOV proj-
ect are described elsewhere [23]. OLOV issued a call for 
participation in the project, which was distributed to 
all elementary schools at the beginning of the academic 
year. Students and their parents were informed through 
their homeroom and physical education teachers. The 
academic performance of 6 530 adolescents in the ninth 
grade, ranging in age from 15 to 16 years, was included in 
the treatment of the data for further analysis. Eligibility 
required complete data for both cardiorespiratory fitness 
(CRF) and body mass index (BMI), as well as valid results 
from criterion-referenced academic tests in Mathematics 
and Slovak language.

The study received approval from the Ethic Commit-
tee of the Faculty of Physical Education and Sport at 
the Comenius University of Bratislava (No. 06/2024), 
National Institute of Education and Youth in Slovakia, 
Slovak Olympic and Sports Committee, and the princi-
pals of each of the included schools. The study met cri-
teria and ethical standards in sport and exercise science 
research [24]. All participants were fully informed about 

What is new:
• Unlike previous studies that focused on end-of-year grades, this research used criterion-referenced tests and a 
multivariate multinomial logistic regression model to find that cardiorespiratory fitness is a significant predictor of 
academic achievement, with fit and normal-weight boys showing the highest odds of better performance.
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the objectives of the study, and informed written consent 
was obtained from their legal guardians.

Measures and procedures
The academic performance in mathematics and Slo-
vak language (mother language) of all ninth-grade stu-
dents was assessed on March 22 and 23, 2023, using 
state-based (MONITOR) for all primary schools. The 
preparation and implementation of testing lies in the 
competence of the Department of Evaluation Tools 
Development for Lower Secondary Education, which 
continues in the school year 2011/2012 in accordance 
with Law No. 245/2008 on education (School Act) and 
amending acts and the Regulation of Ministry of Edu-
cation No. 320/2008 on primary schools. More details 
about the MONITOR are described elsewhere [25]. For 
data analysis in the current study, students were grouped 
into 5 levels of academic achievement.

To assess the physical fitness of ninth-grade adoles-
cents, the standardized student test battery EUROFIT 
was applied [26]. The EUROFIT includes numerous 
health-related and skill-related fitness tests widely used 
in European countries [27]. The Leger formula [28] has 
been used to estimate maximal oxygen uptake (VO2max) 
from performance on the 20-meter shuttle run test and 
assess CRF against international criterion-referenced 
standards for healthy CRF [29]. The formula is as follows:

	

VO2max (ml/kg/min) = 31.025 + 3.238 × speed (km/h)
− 3.248 × age (years)
+ 0.1536 × speed (km/h) × age (years)

Where:

 	• Speed (km/h): The final speed reached during the 
shuttle run, which corresponds to the last completed 
stage.

 	• Age (years): The participant’s age.

The international criterion-referenced standards of 42 
and 35  ml/kg/min for boys and girls, respectively, for 
healthy CRF were applied to distinguish between fit and 
unfit adolescents [29]. Physical fitness, weight, and height 
were collected during physical education classes in the 
academic year 2022/2023. Physical education teach-
ers were supervised by experienced examiners to avoid 
errors in measurement and collection of data.

Body weight was assessed to the nearest 0.1 kg wearing 
minimal clothes and without shoes, and height was mea-
sured to the nearest 0.1  cm. BMI was calculated by the 
formula [weight (kg)/height (m)2]. According to the sex- 
and age-related criteria established by the International 
Obesity Task Force, participants were divided into three 
categories: normal weight, overweight, and obesity [30].

Data analysis
The contingency table of academic performance scores 
from mathematics and Slovak language against a binned 
number of rounds was normalized by rows (to get the 
proportion of students in a number of rounds bin for a 
fixed subject exam score). The row-normalized contin-
gency table was visualized by Heatmap. Multinomial 
logistic regression was used to model the association 
between a score from Mathematics (Slovak language) 
and a factor status obtained as an interaction of sex (lev-
els: girl, boy), fitness (levels: fit, unfit) and weight (levels: 
normal weight, overweight, obesity). Using the Wilkin-
son-Rogers notation, the model can be stated as follows: 
response ∼ age + region + status, where the factor status 
was formed as the Cartesian product of sex, fitness, and 
weight factors. Subjects with less than 10 completed 
shuttles (CRF test) and with more than 100 shuttles were 
excluded from analyses. Furthermore, underweight ado-
lescents were excluded from analysis. Based on the model 
fit, the Odds Ratios (OR) were computed together with 
their 95% confidence intervals and p-values. The model 
was also used to obtain predictions of class and to quan-
tify the classification ability of the predictors by the cor-
rect classification rate. Effect size (goodness of fit) in the 
multinomial regression was quantified by McFadden’s 
R2. For all tests, statistical significance was set at p < 0.05. 
In addition to the multinomial logistic regression, Ran-
dom Forest for Regression (RFR) was trained on the 
entire dataset, using the default settings. The predictors 
used were school, town, region, BMI, sex, number of 
shuttles and age. Importance of predictors was assessed 
by the Variable IMPortance (VIMP). Predictive power 
was quantified by the Out-of-Bag (OOB) R2. OOB-based 
partial dependence conditional plots (coplots) were con-
structed using the OOB data to assess the dependence of 
the predicted values on predictors, conditioned upon sex 
[31–39].

Results
Data were analyzed from a total of 341 schools from 
all eight regions of Slovakia. A total of 6 877 children 
began the survey from which 347 children did not pro-
vide informed written consent or valid ID’s or identifying 
information and were not included in the analyses. This 
resulted in a total available sample of 6 324 children, with 
boys making up 53% of the sample. The sample charac-
teristics are presented in Table 1.

The RFR algorithm has identified the number of shut-
tles as the most important predictor of the academic 
achievement both in Mathematics and Slovak language 
(Fig.  1). For Mathematics, the second most important 
predictor was Town, and its importance was half of that 
of the number of shuttles. In the case of Slovak language, 
the second most important predictor was sex, and its 
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importance was only by 20% lower than that of the num-
ber of shuttles. Predictive power, as measured by the 
OOB method, was for both responses (Mathematics, Slo-
vak language) modest (R2 = 0.12, 0.13; respectively).

Partial dependence conditional plots, derived from 
the trained RFR machine learning algorithm, were used 
to visualize the net impact of predictors on the response 
variable. Figures 2 and 3 display these plots for number 
of shuttles and BMI predictors, and mathematics/Slovak 
language response, conditional on sex.

Contingency table of categorized subject academic 
achievement score vs. fitness and BMI class was visual-
ized by the heatmap for boys (Fig.  4) and girls (Fig.  5). 
The results of the multinomial logistic regression, using 
the unFit + Obesity classification as the reference group, 
are shown in Table 2. Fit + normal weight boys compared 
to unFit + BwO had significantly higher odds for having 
a greater level of academic achievement in Slovak lan-
guage: level 3 (OR = 3.47; 95% CI, 1.93–6.24; p < 0.001), 
and level 4 (OR = 5.84; 95% CI, 2.92–11.67; p < 0.001). 

In mathematics Fit + normal weight boys compared to 
unFit + BwO had significantly higher odds for having the 
greatest level of academic achievement (OR = 2.65; CI, 
1.41– 4.99; p < 0.001). Higher odds for having better aca-
demic achievement were not significant when Fit + nor-
mal weight girls where compared with unFit + GwO.

The results of the multinomial logistic regression when 
Fit + normal weight classification has been used as a ref-
erence are shown in Table  3. UnFit + BwO compared to 
Fit + normal weight boys had significantly lower odds 
for having a greater level of academic achievement in 
Slovak language: level 3 (OR = 0.29; 95% CI, 0.16–0.52; 
p < 0.001); and level 4 (OR = 0.17; 95% CI, 0.09–0.34; 
p < 0.001). Simiriarly, in mathematics unFit + BwO com-
pared to Fit + normal weight boys had significantly lower 
odds for having a greater level of academic achievement 
(OR = 0.38; 95% CI, 0.20–0.71; p = 0.003). Unfit + Over-
weight girls compared to Fit + normal weight girls had 
significantly lower odds for having a greater level of aca-
demic achievement in Slovak language level 3 (OR = 0.33; 
95% CI, 0.15–0.72; p = 0.005); and level 4 (OR = 0.17; 
95% CI, 0.08–0.38; p < 0.001). Simiriarly, in mathematics 
unfit + Overweight girls compared to Fit + normal weight 
girls had significantly lower odds for having a greater 
level of academic achievement: level 3 (OR = 0.43; 95% 
CI, 0.26–0.71; p < 0.001), and level 4 (OR = 0.32; 95% CI, 
0.18–0.55; p < 0.001).

Discussion
In this cross-sectional study, we hypothesized that there 
would be a combined relationship between cardiorespira-
tory fitness (CRF) and body weight status with academic 
performance in ninth-grade students. Furthermore, we 
hypothesized that CRF would be a stronger predictor of 
higher academic achievement than BMI in both young 
males and females. Our results from the RFR machine 
learning algorithm suggest that adolescents who meet 
the international CRF and BMI criterion-referenced 
standards have a high probability of getting a higher aca-
demic achievement score than those who do not meet 
the standards (unfit, overweight, or obesity). Among the 
factors thought to impact primary school students’ aca-
demic performance, the VIMP ranking produced by the 
RFR algorithm identified CRF as the most significant. 
However, the predictive capability of the algorithm was 
modest. It is important to highlight that the association 
between academic achievement and CRF, as revealed by 
the RFR, is not linear. Attaining a criterion-referenced 
standard level of fitness is correlated with an increased 
likelihood of achieving higher academic scores. Simi-
larly to our results, machine learning models such as 
random forest, support vector machine, and K-nearest 
neighbor demonstrated predictive power for academic 

Table 1  The sample characteristics
Characteristic [n (%)] Boy (n = 3 360) Girl (n = 2 964)
Age
15 1 853 (55%) 1 824 (62%)
16 1 507 (45%) 1 140 (38%)
Cardiorespiratory fitness
Fit 1 479 (44%) 1 176 (40%)
unFit 1 881 (56%) 1 788 (60%)
BMI
Normal 2 517 (75%) 2 367 (80%)
Obesity 327 (9.7%) 150 (5.1%)
Overweight 516 (15%) 447 (15%)
Status (CRF_BMI)
Fit_Normal 1 304 (39%) 1 062 (36%)
Fit_Obesity 24 (0.7%) 13 (0.4%)
Fit_Overweight 151 (4.5%) 101 (3.4%)
unFit_Normal 1 213 (36%) 1 305 (44%)
unFit_Obesity 303 (9.0%) 137 (4.6%)
unFit_Overweight 365 (11%) 346 (12%)
Academic achievement in mathematics
Level 0: [0,20] 173 (5.1%) 220 (7.4%)
Level 1: (20,40] 664 (20%) 663 (22%)
Level 2: (40,60] 979 (29%) 789 (27%)
Level 3: (60,80] 849 (25%) 803 (27%)
Level 4: (80,100] 695 (21%) 489 (16%)
Academic achievement in mother language
Level 0: [0,20] 141 (4.2%) 97 (3.3%)
Level 1: (20,40] 696 (21%) 370 (12%)
Level 2: (40,60] 1 052 (31%) 849 (29%)
Level 3: (60,80] 983 (29%) 1 022 (34%)
Level 4: (80,100] 488 (15%) 626 (21%)
Discrete variables were summarized by counts and percentages. Academic 
achievement is a five-level ordinal variable: 0 [0,20]; 1 (20,40]; 2 (40,60]; 3 (60,80]; 
and 4 (80,100]. Abbreviations: CRF cardiorespiratory fitness, BMI body mass 
index
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performance in relation to the physical fitness of primary 
school students [21].

To be certain of our results, sedentary behaviors and 
factors increasing body fat and lowering CRF were pre-
viously negatively associated with academic achievement 
as assessed from school reports [20, 40]. It was shown 
that to predict academic performance, there is an inter-
dependent association, and additional adjustments, e.g., 
CRF, need to be addressed [19]. Upon examining the 
joint relationship between CRF and BMI, it was found in 
this study that the chances of achieving the greatest level 
of academic achievement rose by 165% in mathematics 
and 484% in Slovak language for boys who were fit and 
of normal weight compared to reference (unfit boys with 
obesity). From another perspective, being both unfit and 
either with obesity or overweight was associated with 
lower chances of excelling academically in our popula-
tion. Notably, unfit boys with obesity and unfit over-
weight girls had significantly lower odds of achieving 

higher academic performance in Slovak language and 
mathematics compared to their fit and normal-weight 
peers. We must admit that higher odds for having better 
academic achievement was not significant when fit and 
of normal weight girls were compared to unfit girls with 
obesity. A possible rationale for this observation could be 
the lower percentage of girls with obesity in our cohort 
(5.1. %). Additionally, we observed higher academic per-
formance in Slovak language among girls compared to 
boys (Table  1). This finding aligns with the results of a 
meta-analysis, which indicates that the female advantage 
is most pronounced in language courses and less signifi-
cant in math courses [41]. Furthermore, the VIMP plot 
for Slovak language, derived from the RFR model in this 
study, identified sex as the second most significant pre-
dictor of student academic performance. Our findings 
suggest that the combination of fitness and BMI compo-
nents could be a predictor of higher academic achieve-
ment, and it also confirmed the previous findings for 

Fig. 1  Variable Importance (VIMP) plot for Mathematics (left panel) and Slovak language (right panel), derived from their respective Random Forest 
Regression (RFR) models. In each panel, the predictors (independent variables) are displayed along the y-axis, ranked according to their importance in 
predicting the outcome variable. The importance of each predictor is quantified using the VIMP metric, which is shown on the x-axis. Higher VIMP values 
indicate greater importance in the predictive model
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Fig. 3  Partial dependence plots illustrating the relationship between the predicted academic achievement scores in Slovak language (y-axis) and two 
key predictors: the number of rounds completed in a 20-meter shuttle run (left panel) and Body Mass Index (BMI) (right panel). In each plot, the x-axis 
represents the range of values for the respective predictor, while the y-axis shows the corresponding predicted values of academic achievement based 
on the Random Forest Regression (RFR) model

 

Fig. 2  Partial dependence plots illustrating the relationship between the predicted academic achievement scores in Mathematics (y-axis) and two key 
predictors: the number of rounds completed in a 20-meter shuttle run (left panel) and Body Mass Index (BMI) (right panel). In each plot, the x-axis repre-
sents the range of values for the respective predictor, while the y-axis shows the corresponding predicted values of academic achievement based on the 
Random Forest Regression (RFR) model
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the combined effects of weight status and CRF [42]. It 
remains unanswered, however, whether a single CRF 
factor could independently, based on impaired weight 
status, predict better academic performance. When ana-
lyzing the CRF factor adjusted for BMI, we reported low 
number of fit and subjects with obesity (0.7% of boys and 
0.4% of girls).

It is an interesting possibility, though, to validate the 
reversible impact of BMI and CRF on academic achieve-
ment in a large student sample using a prospective study 
design. The results of a longitudinal study design showed 
that students who increased CRF achieved better school 
marks compared with those who were unfit at both the 
beginning and end of the intervention [17]. The other 
study on finish students (9–5 years old) reported that 
changes in CRF were positively associated with changes 
in academic achievement during repeated spring assess-
ments [43]. Interestingly, data collected from a single 
public district showed that the less-fit students improved 
in national mathematics percentile rankings more than 
lower academic performers when comparing changes 

between spring and fall assessments [44]. Noteworthy, 
the positive association was observed independently 
from CRF between weight improvements and academic 
performance after a 2-year follow-up [45].

The association between weight status, physical fitness, 
and academic success is still not clearly explained. Several 
studies have shown that children and adolescents with 
poor physical fitness and impaired weight status (over-
weight or obesity) are at risk of impaired brain health [10, 
46]. A range of structural brain changes, such as altera-
tions in cortical gray matter thickness and the integrity 
of white matter tracts, have been observed in connection 
with CRF. These changes may be linked to the effects of 
CRF on angiogenesis, neurogenesis, and neuroplasticity 
through increased levels of brain-derived neurotrophic 
factor [47]. Furthermore, higher CRF and motor skills in 
children up to 13 years of age were associated with more 
efficient cognitive processing at the neuroelectric level, 
greater hippocampal and basal ganglia volumes, and bet-
ter inhibitory control in tasks requiring rigorous atten-
tion allocation. The study on twenty-four healthy 8- to 

Fig. 5  Heatmap of the contingency table, represented as a mosaic plot, visualizes the relationship between academic achievement scores in Slovak 
language and categories of physical fitness and Body Mass Index (BMI) among boys and girls. In this plot, the rows correspond to different academic 
achievement score ranges, while the columns represent distinct fitness and BMI classes. The plot is color-coded to reflect the frequency distribution 
within each category combination. The sum of each column is normalized to 1, indicating that the values within each column represent proportions 
rather than absolute counts

 

Fig. 4  Heatmap of the contingency table, represented as a mosaic plot, visualizes the relationship between academic achievement scores in Mathemat-
ics and categories of physical fitness and Body Mass Index (BMI) among boys and girls. In this plot, the rows correspond to different academic achieve-
ment score ranges, while the columns represent distinct fitness and BMI classes. The plot is color-coded to reflect the frequency distribution within each 
category combination. The sum of each column is normalized to 1, indicating that the values within each column represent proportions rather than 
absolute counts
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10-year-old children revealed differences in regional gray 
and white matter development in the brain and differ-
ences in white matter microstructures between normal-
weight and healthy children with obesity [48]. Although 
the amount of research on the subject is limited, brain 
structure impairment in pediatric obesity is associated 
with poor executive function and attention [49]. To con-
firm the importance of brain health, results showed that 
gray matter volume in the bilateral hippocampal forma-
tion and the right inferior frontal gyrus is associated with 
a higher school-based mathematics score [50].

This is an observational study. The usual caveats for 
drawing conclusions from observational studies apply. 
Causal claims cannot be made. The set of predictors stud-
ied had a poor goodness of fit for academic achievement 
scores. Since the other predictors (grade for the subject 
from the last school year, IQ, socioeconomic status of 
either participants or schools, etc.) are not included in 
the predictor set, and this is an observational study, there 
is no guarantee that the character of the association of 
the subject score and fitness (increasing one) would be 
present were the key predictors available. The use of the 
20  m shuttle run in this study can be viewed as both a 
strength and a limitation. While it facilitates the inclu-
sion of a large population, it provides only an estimate 
of an individual’s CRF, which can be more accurately 

measured using direct maximal tests, such as cardio-
pulmonary exercise tests. However, the reliability and 
validity of the 20 m shuttle run for assessing CRF in ado-
lescents aged 12–15 years have been well established in 
previous research [51]. For the purpose of the analyses, 
state-based, criterion-referenced competency tests were 
used to assess the academic performance of 6 530 ninth-
grade adolescents (15%) from all 44 936 students tested 
in the country on the same day in mathematics and Slo-
vak language.

Our study highlighted the importance of CRF in pre-
dicting academic achievement among ninth-grade stu-
dents, suggesting that improving physical fitness could 
enhance academic outcomes. Implementing regular 
physical activity in schools may benefit both health and 
academic success. Longitudinal studies are needed to 
explore how changes in fitness over time impact aca-
demic performance. Future research should also exam-
ine the effects of such interventions across different age 
groups and populations, as well as interactions with cog-
nitive function and socio-economic status.

Conclusion
This study adds substantial evidence from a larger 
cohort, demonstrating that cardiorespiratory fitness 
and weight status among adolescents are associated 

Table 2  Multivariate multinomial logistic regression predicting level of academic achievement
Slovak (mother language)
1; OR (95% CI) 2; OR (95% CI) 3; OR (95% CI) 4; OR (95% CI)

boy_Fit_Normal 1.46 (0.82–2.61) 2.09 (1.18–3.70) ** 3.47 (1.93–6.24) *** 5.84 (2.92–11.67) ***
boy_Fit_Obesity > 100 000 (0.00 – Infinity) > 100 000 (0.00 – Infinity) > 100 000 (0.00 – Infinity) > 100 000 (0.00 – Infinity)
boy_Fit_Overweight 2.35 (0.65–8.52) 3.66 (1.04–12.94) * 6.67 (1.88–23.61) ** 8.95 (2.32–34.51) ***
boy_unFit_Normal 0.96 (0.55–1.65) 1.28 (0.75–2.19) 1.70 (0.97–2.97) 2.90 (1.49–5.67) **
boy_unFit_Overweight 1.44 (0.69–3.02) 2.05 (0.99–4.23)* 2.41 (1.15–5.08) * 3.18 (1.35–7.50) **
girl_Fit_Normal 0.40 (0.08–1.85) 0.83 (0.18–3.78) 1.73 (0.37–7.97) 1.69 (0.36–7.91)
girl_Fit_Obesity > 100 000 (0.00 – Infinity) 0.31 (0.02–3.92) 0.19 (0.01–2.90) 0.17 (0.01–2.78)
girl_Fit_Overweight 0.22 (0.03–1.87) 0.63 (0.08–4.74) 1.34 (0.18–10.11) 1.18 (0.15–9.14)
girl_unFit_Normal 0.21 (0.05–0.89) * 0.25 (0.06–1.07) 0.45 (0.10–1.92) 0.33 (0.08–1.44)
girl_unFit_Overweight 0.32 (0.07–1.49) 0.31 (0.07–1.45) 0.58 (0.12–2.69) 0.28 (0.06–1.36)

Mathematics
1; OR (95% CI) 2; OR (95% CI) 3; OR (95% CI) 4; OR (95% CI)

boy_Fit_Normal 0.97 (0.53–1.75) 1.27 (0.71–2.27) 1.73 (0.95–3.15) 2.65 (1.41– 4.99) **
boy_Fit_Obesity 1.16 (0.13–10.55) 1.07 (0.12–9.49) 1.31 (0.14–12.00) 3.19 (0.36–28.07)
boy_Fit_Overweight 0.83 (0.34–2.05) 0.77 (0.32–1.88) 1.23 (0.50–3.00) 1.83 (0.72–4.61)
boy_unFit_Normal 0.75 (0.42–1.33) 0.83 (0.47–1.46) 1.05 (0.58–1.87) 1.41 (0.76–2.62)
boy_unFit_Overweight 0.99 (0.48–2.03) 1.14 (0.57–2.29) 1.12 (0.54–2.31) 1.50 (0.70–3.21)
girl_Fit_Normal 0.58 (0.27–1.26) 1.62 (0.72–3.64) 2.04 (0.90–4.61) 1.84 (0.79–4.28)
girl_Fit_Obesity 0.73 (0.07–7.39) 0.63 (0.05–7.90) 1.64 (0.16–16.23) 0.41 (0.02–7.45)
girl_Fit_Overweight 0.98 (0.27–3.55) 2.47 (0.68–8.95) 2.38 (0.65–8.73) 1.76 (0.45–6.81)
girl_unFit_Normal 0.48 (0.23–1.01)* 0.94 (0.43–2.05) 0.92 (0.42–2.02) 0.65 (0.28–1.47)
girl_unFit_Overweight 0.46 (0.20–1.03) 0.85 (0.36–1.98) 0.88 (0.37–2.07) 0.59 (0.24–1.45)
Academic achievement is a five-level ordinal variable: 0 [0,20]; 1 (20,40]; 2 (40,60]; 3 (60,80]; and 4 (80,100]. Based on the model (Unfit_Obesity as reference), the Odds 
Ratios (OR) were computed together with their 95% confidence intervals and p-values for the null hypothesis that the population OR is 1. * p < 0.05; ** p < 0.01; *** 
p < 0.001
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with performance on state-based, criterion-referenced 
academic competency tests. Cardiorespiratory fitness 
emerged as a significant predictor, with fit and normal-
weight boys having higher odds of achieving better aca-
demic outcomes. However, the modest predictive power 
of the model indicates that additional factors likely influ-
ence academic performance and should be considered in 
future research.
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1; OR (95% CI) 2; OR (95% CI) 3; OR (95% CI) 4; OR (95% CI)

boy_Fit_Obesity > 100 000 (0.00 – Infinity) > 100 000 (0.00 – Infinity) > 100 000 (0.00 – Infinity) > 100 000 (0.00 – Infinity)
boy_Fit_Overweight 1.61 (0.46–5.60) 1.75 (0.52–5.93) 1.92 (0.57–6.47) 1.53 (0.44–5.38)
boy_unFit_Normal 0.66 (0.42–1.02) 0.61 (0.40–0.94)* 0.49 (0.32–0.75)*** 0.50 (0.32–0.78)**
boy_unFit_Obesity 0.69 (0.38–1.22) 0.48 (0.27–0.85)** 0.29 (0.16–0.52)*** 0.17 (0.09–0.34)***
boy_unFit_Overweight 0.99 (0.51–1.92) 0.98 (0.51–1.87) 0.70 (0.36–1.34) 0.55 (0.27–1.10)
girl_Fit_Obesity > 100 000 (0.00 – Infinity) 0.37 (0.04–3.28) 0.11 (0.01–1.18) 0.10 (0.01–1.17)
girl_Fit_Overweight 0.55 (0.10–3.01) 0.76 (0.16–3.52) 0.77 (0.17–3.55) 0.70 (0.15–3.27)
girl_unFit_Normal 0.52 (0.27–0.98)* 0.30 (0.17–0.55)*** 0.26 (0.14–0.47)*** 0.19 (0.11–0.36)***
girl_unFit_Obesity 2.53 (0.54–11.81) 1.21 (0.26–5.49) 0.58 (0.13–2.67) 0.59 (0.13–2.77)
girl_unFit_Overweight 0.80 (0.36–1.80) 0.38 (0.17–0.83)** 0.33 (0.15–0.72)** 0.17 (0.08–0.38)***

Mathematics
1; OR (95% CI) 2; OR (95% CI) 3; OR (95% CI) 4; OR (95% CI)

boy_Fit_Obesity 1.20 (0.14–10.50) 0.85 (0.10–7.20) 0.76 (0.09–6.64) 1.20 (0.14–10.05)
boy_Fit_Overweight 0.86 (0.38–1.92) 0.61 (0.28–1.34) 0.71 (0.32–1.55) 0.69 (0.31–1.53)
boy_unFit_Normal 0.77 (0.52–1.15) 0.66 (0.45–0.97)* 0.60 (0.41–0.89)** 0.53 (0.36–0.79)**
boy_unfit_Obesity 1.04 (0.57–1.88) 0.79 (0.44–1.41) 0.58 (0.32–1.05) 0.38 (0.20–0.71)**
boy_unFit_Overweight 1.03 (0.57–1.84) 0.90 (0.51–1.58) 0.65 (0.36–1.16) 0.57 (0.31–1.03)
girl_Fit_Obesity 1.26 (0.14–11.63) 0.39 (0.03–4.43) 0.80 (0.09–7.13) 0.22 (0.01–3.69)
girl_Fit_Overweight 1.69 (0.56–5.15) 1.53 (0.51–4.52) 1.17 (0.39–3.49) 0.95 (0.30–2.99)
girl_unFit_Normal 0.83 (0.57–1.21) 0.58 (0.40–0.84)** 0.45 (0.31–0.65)*** 0.35 (0.24–0.51)***
girl_unfit_Obesity 1.72 (0.79–3.75) 0.62 (0.28–1.39) 0.49 (0.22–1.11) 0.54 (0.23–1.26)
girl_unFit_Overweight 0.79 (0.47–1.30) 0.52 (0.32–0.86)** 0.43 (0.26–0.71)*** 0.32 (0.18–0.55)***
Academic achievement is a five-level ordinal variable: 0 [0,20]; 1 (20,40]; 2 (40,60]; 3 (60,80]; and 4 (80,100]. Based on the model (Fit_Normal as reference), the Odds 
Ratios (OR) were computed together with their 95% confidence intervals and p-values for the null hypothesis that the population OR is 1. * p < 0.05; ** p < 0.01; *** 
p < 0.001
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