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Abstract 

The study examined whether regional differences in physical education (PE) allocation influence 

adolescent health in Romania. Using data from all 42 counties, we compared weekly PE minutes with 

two outcomes: prevalence of obesity and participation in daily moderate-to-vigorous physical 

activity (MVPA). Counties reported an average of 92.5 minutes of PE per week, with a wide range 

from 60 to 150 minutes. Adolescent obesity prevalence varied from 9.0% to 24.5%, while MVPA rates 

ranged from 34.0% to 68.2%. Correlation analysis revealed that higher PE time was moderately 

associated with lower obesity (r = –0.38, p = .015) and higher MVPA (r = 0.44, p = .006). Multivariate 

regression confirmed that every additional 10 minutes of weekly PE corresponded to a 0.7 percentage 

point decrease in obesity prevalence and a 0.9 percentage point increase in MVPA, independent of 

household income and urbanization. Counties with the lowest PE allocation consistently showed the 

worst health indicators, highlighting regional inequities.These findings demonstrate that PE policy 

functions as a significant predictor of adolescent health at population level. Establishing a nationwide 

minimum of 150 minutes per week, coupled with resource investments in disadvantaged regions, 

could reduce obesity, promote active lifestyles, and close rural–urban gaps. Physical education 

should be recognized not only as a curricular requirement but also as a strategic public health 

intervention with measurable benefits for national well-being. 

Keywords: physical education policy; adolescent obesity; moderate-to-vigorous physical activity 

(MVPA); school-based interventions; health inequalities; public health; Romania 

 

1. Introduction 

Adolescence represents a turning point in the human life course, when patterns of physical 

activity, nutrition, and social behavior begin to solidify into habits that often persist into adulthood. 

This developmental window is characterized by rapid physical growth, hormonal change, and 

cognitive restructuring, all of which place heightened demands on both the body and mind. During 

these years, regular and structured physical activity is not only a means of cultivating athletic skills 

but also a fundamental determinant of long-term health, resilience, and psychosocial well-being. 

When young people engage consistently in movement, exercise, and sport, they build muscular and 

cardiovascular capacity, regulate their weight more effectively, reduce stress, and acquire 

interpersonal skills such as cooperation and discipline. Conversely, when activity levels decline, risks 

emerge: sedentary lifestyles increase vulnerability to obesity, metabolic disorders, and mental health 

challenges that can extend into later life [1]. 

Internationally, the trend is worrying. Rates of adolescent overweight and obesity are climbing 

steadily, while the number of youths achieving recommended levels of daily activity continues to 

fall. Schools play an especially crucial role in counteracting this decline. As nearly all children and 

adolescents spend the majority of their days within educational institutions, the school timetable 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 September 2025 doi:10.20944/preprints202509.1312.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1312.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 18 

 

remains the most reliable and equitable platform for guaranteeing access to physical education. Well-

designed school-based programs can ensure not only minimum activity thresholds but also 

structured exposure to diverse types of movement, from endurance training to skill-based games, 

that nurture both physical competence and enjoyment of sport [2–4]. 

In Romania, the urgency of the issue is particularly pronounced. Over the past decade, data 

show a marked increase in the prevalence of adolescent obesity, accompanied by a parallel decline in 

self-reported daily physical activity. Despite the existence of national legislation that stipulates 

physical education instruction at all grade levels, the degree to which these policies are translated 

into practice varies widely [5,6]. Counties differ in the number of minutes allocated to PE each week, 

in the availability of qualified teachers, in access to sports halls and outdoor facilities, and in the local 

prioritization of health promotion. Such disparities mean that, depending on where a child grows 

up, the same national policy can have very different consequences for health outcomes [7–9]. 

These inconsistencies are not unique to Romania. Many countries face the same challenge: while 

policies set broad standards, local administrations, schools, and teachers operate with different 

capacities and constraints. However, in Romania the scale of inter-county variation offers a unique 

opportunity to examine how differences in mandated physical education time translate into 

measurable health indicators. [10–14]. By linking data on instructional minutes with rates of obesity 

and levels of physical activity, it becomes possible to evaluate the extent to which education policy 

functions as a lever for public health. 

The objectives of this study are threefold. First, we aim to map and describe the distribution of 

physical education minutes across all counties in Romania, identifying regions where students 

benefit from higher or lower allocations of structured activity. Second, we seek to measure the 

association between this policy variable and two critical outcomes: adolescent obesity prevalence and 

participation in daily moderate-to-vigorous physical activity. Third, we investigate whether these 

associations remain significant when accounting for broader socioeconomic differences, such as 

income levels and patterns of urbanization, that often shape opportunities for health and well-being 

[15–19]. 

Beyond statistical modeling, our analysis is anchored in the conviction that school-based 

physical education has a transformative potential when integrated into broader strategies of youth 

development. More time allocated to PE can provide the conditions for progressive skill acquisition, 

reduce injury risks by ensuring structured supervision, and offer a platform for embedding 

complementary modules such as nutritional education or mental health promotion. In rural counties, 

where extracurricular opportunities for sport are limited, school PE may serve as the only consistent 

exposure to structured movement, thereby helping to narrow health inequalities between urban and 

rural populations [20–24]. 

In highlighting these issues, this study contributes to a more nuanced understanding of how 

educational policy translates into health trajectories. It underscores the fact that seemingly small 

administrative decisions—such as whether a county mandates 90 minutes of PE per week or 150—

can accumulate into significant differences in body weight, activity levels, and lifelong well-being for 

thousands of adolescents. By examining these dynamics at a national scale, we aim to provide 

evidence capable of guiding curriculum reforms, resource allocation, and local adaptation strategies 

that will enable Romania to better safeguard the health of its youth. 

Research gap, objectives and hypotheses - although numerous studies have examined physical 

education in Romania, most have been limited in scope. They often rely on small samples, are 

restricted to single schools, or measure outcomes only through self-reported surveys [25–27]. While 

such studies provide valuable snapshots, they do not capture the full diversity of conditions across 

the country. In practice, counties differ widely in their ability to implement national policies: some 

allocate generous time and resources to physical education, while others provide only the minimum 

required, with insufficient facilities or staffing. Despite these disparities, there is little systematic 

evidence on how such differences translate into measurable health outcomes for adolescents. Even 

more rarely have studies controlled for socioeconomic conditions, such as household income or 
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degree of urbanization, which strongly influence both opportunities for physical activity and 

vulnerability to obesity. This absence of robust, large-scale evidence constitutes a clear research gap 

[28–32]. 

Our study was designed to address this gap by providing a comprehensive, county-level 

analysis of how physical education policy interacts with adolescent health. The objectives are both 

descriptive and explanatory. First, we aim to map the distribution of weekly PE minutes across all 

Romanian counties, identifying not only averages but also patterns of disparity between regions. 

Second, we investigate the association between allocated PE time and two critical health outcomes: 

obesity prevalence and participation in daily moderate-to-vigorous physical activity (MVPA). Third, 

we test whether these associations remain significant when controlling for socioeconomic variables 

such as disposable income and urbanization rates, factors that are known to structure opportunities 

for youth health. Finally, we reflect on the broader implications for educational policy, considering 

how curriculum standards and resource allocation might be refined to reduce inequities and improve 

health outcomes nationally. 

From these objectives we derive specific, testable hypotheses: 

• H1. Counties with higher weekly PE minutes have lower adolescent obesity prevalence. 

• H2. Counties with higher weekly PE minutes have higher adolescent participation in daily 

MVPA. 

• H3. The associations between PE minutes and health outcomes (obesity, MVPA) remain 

statistically significant after controlling for household income and urbanization. 

• H4. Regional disparities in PE allocation contribute to health inequalities, with rural counties 

more disadvantaged than urban ones. 

By formulating hypotheses in this way, the study provides a clear framework for testing whether 

differences in education policy act as a lever for improving adolescent health across Romania. 

Literature Review - Physical Education and youth health outcomes - school-based physical 

education represents one of the most effective and equitable mechanisms for improving the health of 

young people. When delivered consistently, PE classes enhance cardiovascular capacity, muscular 

strength, and motor coordination. Beyond the physical dimension, regular activity supports 

psychological balance, stress management, and the development of resilience. Adolescents who 

participate in structured exercise are more likely to regulate their weight, avoid sedentary lifestyles, 

and carry positive health behaviors into adulthood [33–36]. 

The impact extends far beyond physical fitness. Participation in sports and structured activities 

fosters discipline, teamwork, and goal-setting abilities. These psychosocial skills contribute to 

improved classroom engagement, better academic performance, and stronger social relationships. 

When children and adolescents learn to enjoy movement, they also become more likely to sustain 

activity throughout their lives, reducing the risk of chronic diseases and mental health problems. 

Despite these known benefits, implementation is uneven. Schools located in disadvantaged regions 

frequently face shortages of qualified staff, poor infrastructure, and limited budgets, leading to 

inconsistent access to the recommended levels of activity. This variation results in health inequities, 

where some adolescents receive the full benefits of structured PE, while others are left with minimal 

opportunities for movement [37–40]. 

Theoretical frameworks: injury management and weight control - for physical education to be 

both safe and effective, it must integrate preventive approaches. Injury management frameworks 

emphasize pre-activity screening, ongoing monitoring, and early adaptation of workloads to prevent 

small discomforts from developing into chronic injuries. Such systems encourage close collaboration 

between teachers, coaches, and health professionals, ensuring that students remain active without 

interruption. By embedding these practices into PE curricula, schools can sustain long-term 

participation and avoid dropout caused by pain or fear of injury [41–45]. 

A complementary dimension is weight management. Structured PE provides an ideal 

environment for reinforcing healthy eating habits, teaching self-regulation strategies, and supporting 
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body weight control in an age-appropriate manner. When adolescents learn to set personal goals, 

monitor their progress, and combine activity with nutritional awareness, the impact of PE extends 

far beyond the classroom. This integrated approach transforms PE from a simple exercise session into 

a holistic health intervention, linking physical activity with lifelong well-being [46–50]. 

Comparative athletic and technological interventions - recent developments in athletic training 

demonstrate how structured practice and innovative technologies can accelerate youth development. 

Reaction time training, neuromotor coordination exercises, and feedback systems that measure 

velocity or agility allow students to improve performance more efficiently. Importantly, the benefits 

of such technologies emerge only when they are implemented within a coherent educational 

framework. Used in isolation, devices and monitoring tools add little value; combined with evidence-

based pedagogy, they become powerful accelerators of learning [51–55]. 

The implications for physical education are clear: even though not all schools can afford cutting-

edge equipment, principles of progressive overload, bilateral training, and responsive coaching can 

be applied in any context. The broader lesson is that PE should be seen as a laboratory for skill 

acquisition and self-improvement, where the combination of structured practice and guided feedback 

leads to sustained progress in both physical and cognitive domains [56–60]. 

Synthesis and policy gap - taken together, the existing knowledge demonstrates that structured 

physical education enhances fitness, fosters psychological growth, and cultivates essential social 

skills. It also shows that the effectiveness of PE depends not only on the number of minutes allocated 

but also on the way those minutes are implemented—whether through injury prevention strategies, 

nutritional education, or modern training methods. However, despite the wealth of evidence on the 

general benefits of PE, there is still limited understanding of how differences in local implementation 

shape measurable outcomes across an entire country [61–66]. 

Romania provides a particularly revealing case. National policy mandates PE for all students, 

yet actual practice varies substantially by county. Some regions invest heavily in facilities and 

qualified teachers, while others struggle to meet even the minimum requirements. This unevenness 

creates a natural experiment: by comparing counties with different allocations, it is possible to 

observe how policy decisions influence adolescent health at population scale. The current study 

builds on this perspective, seeking to connect policy inputs (minutes of PE) with health outputs 

(obesity prevalence and physical activity rates) while accounting for socioeconomic realities. By 

doing so, it offers insights not only into the benefits of PE in general, but into the practical ways that 

education policy can reduce health inequalities and promote sustainable well-being. 

2. Materials and Methods 

To provide a rigorous assessment of how physical education allocation relates to adolescent 

health outcomes, the study was designed around transparent and reproducible methods. The 

analytical framework integrates multiple data sources, standardized definitions of key indicators, 

and validated statistical techniques to ensure robustness. By combining policy information, health 

outcomes, and socioeconomic covariates at the county level, the approach offers both breadth and 

depth, allowing the findings to be interpreted not only as descriptive patterns but also as evidence 

capable of informing national policy decisions. 

2.1. Study Design 

This study employed a cross-sectional ecological design using publicly available secondary data 

from multiple national and international databases. The unit of analysis was the county (N = 42), 

corresponding to Romania’s administrative divisions. The design allowed for the assessment of 

associations between mandated physical education (PE) instructional time and adolescent health 

outcomes at population level. 
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2.2. Data Sources and Variables 

• Physical Education Policy Measure: Mandated weekly PE minutes were extracted from 

educational policy records compiled in international monitoring databases. Data were verified at 

county level to reflect administrative implementation of national requirements. This variable served 

as the primary independent predictor. 

• Obesity Prevalence: The percentage of adolescents aged 11–15 classified as obese was 

obtained from standardized public health surveillance systems using body mass index (BMI) for age 

z-scores. This indicator represented the primary health outcome. 

• Moderate-to-Vigorous Physical Activity (MVPA): The proportion of adolescents reporting 

at least 60 minutes of MVPA per day was derived from nationally harmonized school health surveys. 

This outcome captured behavioral patterns of daily activity. 

• Socioeconomic Covariates: Two county-level covariates were included to adjust for 

potential confounding. Average disposable household income per capita (expressed in euros) was 

obtained from national statistics and log-transformed to normalize distribution. The proportion of 

the county population residing in urban areas was used to capture the effect of urbanization. 

Table 1 summarizes the operationalization of all study variables, including definitions, 

measurement units, role in the analysis, and descriptive statistics (mean, standard deviation, range, 

and interquartile range) 

Table 1. Operationalization and descriptive statistics of study variables. 

Variable Definition Measurement/Unit 
Role in 
analysis 

Mean 
(SD) 

Min–
Max 

IQR 

Physical 
Education 
minutes 

Number of 
minutes of PE 

mandated 
weekly at county 

level 

Minutes/week  
(continuous) 

Main 
independent 

predictor 

92.5 
(15.3) 

60–150 82–105 

Adolescent 
obesity 

prevalence 

Adolescents aged 
11–15 classified 
as obese (BMI-

for-age z ≥ 2 SD) 

Percentage  
(%) 

Dependent 
variable  

(Model A) 

16.2 
(4.1) 

9.0–24.5 
13.5–
18.8 

MVPA rate 

Adolescents 
achieving ≥60 

min/day of 
MVPA 

Percentage  
(%) 

Dependent 
variable  

(Model B) 

51.8 
(8.6) 

34.0–
68.2 

47.0–
59.5 

Household 
income 

Disposable 
income  

per  
capita 

Euro  
(log-transformed) 

Covariate 
10.5 
(0.2) 

10.1–
10.9 

10.3–
10.7 

Urbanization 
Share of county 

population  
in urban areas 

Percentage  
(%) 

Covariate 
53.7 

(10.4) 
30.5–
97.1 

45.0–
60.2 

As shown in Table 1, the study variables displayed substantial variation across counties, with 

PE minutes ranging from 60 to 150 per week and obesity prevalence varying by more than 15 

percentage points. MVPA rates also showed marked disparities, from a low of 34% to a high of 68%, 

illustrating the wide heterogeneity in adolescent health behaviors across Romania. These differences 

underline the relevance of conducting analyses at county level and justify the use of multivariate 

models to account for socioeconomic confounders. 
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2.3. Data Management 

All data were merged at county level into a single dataset. Variables were screened for missing 

values, outliers, and normality. Descriptive statistics were computed for central tendency, variability, 

and range. Continuous variables were standardized (z-scores) prior to regression analysis to facilitate 

comparability of coefficients. 

2.4. Statistical Analysis 

Analyses were performed using R software (version 4.2.1). A two-tailed significance threshold 

of α = 0.05 was applied throughout. 

• Descriptive Statistics: Means, standard deviations, minima, maxima, and interquartile 

ranges were calculated for all study variables. Distributions were visualized using histograms, 

boxplots, and county-level maps. 

• Correlation Analysis: Pearson correlation coefficients with 95% confidence intervals were 

computed to evaluate bivariate associations between PE minutes and the two health outcomes 

(obesity prevalence and MVPA rates). 

• Regression Modeling: Two separate multivariate linear regression models were estimated. 

o Model A predicted adolescent obesity prevalence. 

o Model B predicted MVPA rates. 

Both models included PE minutes as the primary independent variable and income and 

urbanization as covariates. Standardized beta coefficients, standard errors, and p-values were 

reported. 

• Model Diagnostics: To ensure robustness, residuals were assessed for normality using QQ-

plots and Shapiro–Wilk tests, while homoscedasticity was tested with Breusch–Pagan procedures. 

Variance inflation factors (VIFs) were computed to detect multicollinearity, with a cut-off of VIF < 5. 

Influential observations were examined through Cook’s distance plots. 

• Sensitivity Analyses: To test stability, additional specifications were estimated, including 

robust regression models and log-transformed dependent variables. Results were compared to assess 

consistency across methods. 

The full analytic strategy, including statistical procedures, model diagnostics, and robustness 

checks, is summarized in Table 2. 

Table 2. Analytic strategy and model characteristics. 

Step Description 
Statistical 

procedures 
Outputs 

Model fit / 
Diagnostics 

Robustness 
checks 

Descriptive 
analysis 

Distribution 
and variability 

of variables 

Means, SD, 
min, max, IQR 

Summary 
statistics, figures 

All variables 
normally 

distributed 

Confirmed via 
skewness/kurtosis 

tests 

Correlation 
analysis 

Bivariate 
associations 
between PE 

and outcomes 

Pearson r 
with 95% CI 

r = –0.38 (obesity),  
r = 0.44 (MVPA) 

p-values < 
0.05 

Correlations stable 
across sub-

samples 

Regression 
modeling 

Independent 
effects of PE on 

outcomes 

Multivariate 
linear 

regression 

β = –0.07 (obesity),  
β = 0.09 (MVPA) 

Adj. R² = 0.27 
(Model A), 
0.31 (Model 

B) 

Results consistent 
in robust 

regressions 

Diagnostics 
Model 

assumption 
checks 

QQ-plots, 
Shapiro–Wilk, 

Breusch–
Pagan, VIF, 

Cook’s D 

Residuals normal, 
homoscedastic, no 
multicollinearity  

(VIF < 2) 

No 
influential 

outliers 
(Cook’s D < 

0.10) 

– 
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Sensitivity 
analyses 

Alternative 
specifications 

Robust 
regression,  

log-
transformed 

DV 

Comparable 
coefficients 

Stability 
confirmed 

– 

Table 2 highlights the sequential approach applied in the analytic plan. By combining 

descriptive statistics, correlations, and multivariate regression with extensive diagnostic checks, the 

study ensured both transparency and robustness. The inclusion of sensitivity analyses further 

reinforced the reliability of results, confirming that the observed associations were not dependent on 

a single specification or model assumption. 

2.5. Ethical Considerations 

The study relied exclusively on secondary, aggregated, and publicly available data. No 

individual-level or identifiable information was used. In accordance with international standards for 

research ethics, no formal institutional review board (IRB) approval was required. 

3. Results 

The results presented in this section aim to move beyond descriptive reporting and provide an 

integrated picture of how educational policy translates into measurable health outcomes. By 

combining numerical summaries, graphical representations, and robust statistical models, the 

analyses highlight both the magnitude of regional disparities and the consistency of observed 

associations. The stepwise presentation—from descriptive profiles to correlation patterns and 

multivariate regressions—ensures a transparent link between raw data and interpretive conclusions, 

offering a coherent narrative of evidence that underpins the study’s main findings. 

3.1. Descriptive Statistics and Exploratory Visualizations 

Across the 42 Romanian counties, weekly mandated physical education (PE) minutes averaged 

92.5 minutes (SD = 15.3), with a range from 60 to 150 minutes. Adolescent obesity prevalence showed 

a mean of 16.2% (SD = 4.1), spanning from 9.0% to 24.5%, while daily MVPA participation averaged 

51.8% (SD = 8.6), ranging between 34.0% and 68.2%. Considerable heterogeneity was also present in 

socioeconomic covariates, with disposable household income (log-transformed) varying between 

10.1 and 10.9 and urbanization levels ranging from 30.5% to 97.1%. 

Table 3 summarizes the descriptive statistics of all study variables, including measures of central 

tendency, dispersion, and distributional shape. These results indicate wide variation across counties, 

justifying further multivariate analysis. 

Table 3. Descriptive statistics of study variables (N = 42 counties). 

Variable Unit/Scale 
Mean 

(SD) 
Median 

Min–

Max 
IQR 

95% CI 

(Mean) 
Skewness Kurtosis 

PE 

minutes/week 
Minutes 

92.5 

(15.3) 
91 60–150 82–105 

87.7–

97.3 
0.48 –0.31 

Adolescent 

obesity 

prevalence 

% of 

adolescents 

16.2 

(4.1) 
16 

9.0–

24.5 

13.5–

18.8 

15.0–

17.4 
0.22 –0.45 

MVPA 

participation 

% of 

adolescents 

51.8 

(8.6) 
52 

34.0–

68.2 

47.0–

59.5 

49.1–

54.5 
–0.27 –0.12 
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Household 

income 
Log EUR 

10.5 

(0.2) 
10.5 

10.1–

10.9 

10.3–

10.7 

10.4–

10.6 
–0.10 –0.18 

Urbanization 
% of 

population 

53.7 

(10.4) 
53 

30.5–

97.1 

45.0–

60.2 

50.5–

56.9 
0.62 0.41 

Notes. PE minutes/week = mandated weekly time allocated to physical education at county level; obesity prevalence 

= % of adolescents aged 11–15 with BMI-for-age ≥ +2 SD; MVPA participation = % of adolescents reporting ≥60 

min/day of MVPA; household income = disposable income per capita (log-transformed); urbanization = % of the 

county population residing in urban areas. 

As indicated in Table 3, all variables exhibited substantial dispersion across counties, with wide 

interquartile ranges and moderate skewness in several indicators. The variability in PE minutes 

highlights structural inequities between regions, while the spread in obesity and MVPA confirms 

meaningful differences in adolescent health behaviors. 

To complement the tabular presentation, Figure 1 depicts the distribution of mandated PE 

minutes and the variability of adolescent health indicators and socioeconomic covariates across 

counties. Panel A shows the overall distribution of weekly PE minutes, highlighting the median, 

interquartile range, and extremes. Panel B summarizes the spread for obesity prevalence, MVPA 

participation, income, and urbanization, confirming substantial heterogeneity in county-level 

conditions. 

 

Figure 1. County-level distribution of study variables. Panel A: Distribution of mandated weekly PE minutes, 

showing min–max, interquartile range, and mean values. Panel B: Spread of adolescent obesity prevalence, 

MVPA participation, household income, and urbanization across counties. 

As illustrated in Figure 1, PE minutes are unevenly distributed, with a concentration of counties 

below the recommended threshold and only a few approaching the upper limit of 150 minutes per 

week. The variability observed in obesity and MVPA further confirms the presence of substantial 

health disparities at regional level, reinforcing the need for explanatory modeling. 
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In addition, Figure 2 provides a spatial perspective through county-level choropleths. Panel A 

shows the distribution of PE minutes, Panel B illustrates obesity prevalence, and Panel C displays 

MVPA participation. This geographic representation reinforces the equity dimension of the analysis 

by revealing clear regional clustering in both policy inputs and health outcomes. 

Figure 2 highlights the geographic dimension of these disparities. Counties with higher PE 

allocation generally overlap with those showing lower obesity prevalence and higher MVPA 

participation. This spatial clustering underscores the equity dimension of PE policy, suggesting that 

regional differences in implementation may translate directly into adolescent health outcomes. 

 

Figure 2. Distribution of study variables across counties. 

3.2. Correlation Analysis 

Bivariate correlations supported the hypothesized associations. Weekly PE minutes correlated 

negatively with obesity prevalence (r = –0.38, 95% CI: –0.60 to –0.10, p = 0.015) and positively with 

MVPA participation (r = 0.44, 95% CI: 0.17 to 0.65, p = 0.006). These coefficients indicated moderate 

relationships, confirming that higher mandated PE time is linked to healthier adolescent outcomes 

even without covariate adjustment. 

These associations are illustrated in Figure 3. Panel A shows the negative relationship between 

PE minutes and adolescent obesity prevalence, while Panel B displays the positive association 

between PE minutes and MVPA participation. 

 

Figure 3. Associations between weekly mandated physical education (PE) minutes and adolescent health 

outcomes across 42 Romanian counties. Panel A shows the negative association between PE minutes and obesity 

prevalence (%), while Panel B displays the positive association between PE minutes and MVPA participation 

(%). Regression lines with 95% confidence intervals are superimposed. 
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The correlation analysis confirmed the hypothesized relationships between PE allocation and 

adolescent health. Counties with higher weekly PE minutes tended to report lower obesity 

prevalence, illustrating a moderate but consistent inverse association. At the same time, higher PE 

minutes were linked to greater participation in daily MVPA, suggesting that structured school 

activity fosters broader engagement in physical activity beyond the classroom. These patterns are 

illustrated in Figure 1: Panel A highlights the downward trend in obesity with increasing PE time, 

while Panel B depicts the upward trend in MVPA participation. 

3.3. Multivariate Regression Results 

Two regression models were estimated to test independent effects of PE time while controlling 

for income and urbanization (Table 3). 

• Model A (Obesity prevalence): The model fit was statistically significant (F(3,38) = 6.12, p < 

0.001; Adj. R² = 0.27). PE minutes emerged as a strong predictor (β = –0.07, SE = 0.02, p = 0.004), 

indicating that every additional 10 minutes of weekly PE was associated with a 0.7 percentage-point 

reduction in obesity prevalence. Income also showed a protective effect (β = –0.12, p = 0.02), while 

urbanization displayed a weaker, marginal association (β = –0.03, p = 0.08). 

• Model B (MVPA participation): The model was significant (F(3,38) = 7.45, p < 0.001; Adj. R² = 

0.31). PE minutes were positively associated with MVPA (β = 0.09, SE = 0.02, p = 0.002), meaning every 

additional 10 minutes of weekly PE corresponded to a 0.9 percentage-point increase in daily MVPA 

participation. Income also contributed positively (β = 0.15, p = 0.001), while urbanization showed a 

borderline effect (β = 0.04, p = 0.05). 

Table 4 presents the multivariate regression results for obesity prevalence (Model A) and MVPA 

participation (Model B). PE minutes emerged as a significant predictor in both models, with effects 

remaining robust after adjusting for income and urbanization. 

Table 4. Multivariate regression models predicting adolescent obesity prevalence (Model A) and MVPA 

participation (Model B) across 42 Romanian counties. 

Predictor 

Model A: 

Obesity 

prevalence 

  Model B: MVPA 

participation 
  

 β (Std.) SE 
p-

value 
β (Std.) SE 

p-

value 

Physical Education 

minutes (per 10 

min) 

–0.07 0.02 0.004 0.09 0.02 0.002 

Household income 

(log, EUR) 
–0.12 0.05 0.020 0.15 0.04 0.001 

Urbanization  

(%) 
–0.03 0.01 0.080 0.04 0.01 0.050 

Model fit Adj. R² = 0.27 
F(3,38) = 

6.12 

p < 

0.001 
Adj. R² = 0.31 

F(3,38) = 

7.45 

p < 

0.001 

The regression models confirmed that PE minutes significantly predicted both adolescent 

obesity prevalence and MVPA participation, independent of income and urbanization. These results 

are also summarized visually in Figure 4. Panel A displays the predictors of obesity prevalence 

(Model A), highlighting the protective effect of PE minutes and income. Panel B illustrates the 

predictors of MVPA participation (Model B), where PE minutes and income show strong positive 
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associations, while urbanization exerts a borderline effect. Confidence intervals for all predictors 

exclude the null line for the main effects, supporting the robustness of the findings. 

 

Figure 4. Multivariate regression results. Panel A: Forest plot of predictors of adolescent obesity prevalence 

(Model A). Panel B: Forest plot of predictors of MVPA participation (Model B). Points represent standardized β 

coefficients; horizontal bars indicate 95% confidence intervals; the dashed vertical line represents the null (β = 

0). 

The regression summary in Figure 4 reinforces the numerical results from Table 3. Panel A 

demonstrates that PE minutes exert a significant protective effect against adolescent obesity, 

alongside income, while urbanization plays a weaker role. Panel B highlights the positive 

contributions of PE minutes and income to MVPA participation, with urbanization again showing a 

borderline effect. The consistency of effect directions and the exclusion of the null line for the main 

predictors confirm the robustness of the models. 

3.4. Model Diagnostics and Robustness Checks 

To ensure the validity of the regression analyses, we conducted a series of diagnostic procedures 

addressing normality, homoscedasticity, multicollinearity, and influential observations. In addition, 

robust regression and alternative model specifications were applied to confirm the stability of results. 

All assumptions of linear regression were satisfied. Residuals were approximately normally 

distributed (Shapiro–Wilk p > 0.10) and no evidence of heteroscedasticity was observed (Breusch–

Pagan p > 0.05). Variance inflation factors were below the conventional cut-off of 5, ruling out 

multicollinearity. Cook’s distance values remained under 0.10, indicating the absence of influential 

outliers. 

Sensitivity analyses further reinforced the robustness of the findings. Robust regression models 

produced coefficients highly consistent with the main specifications, and alternative models using 

log-transformed dependent variables yielded similar effect sizes and directions. Taken together, these 

results confirm that the observed associations between PE minutes, obesity prevalence, and MVPA 

participation are not artifacts of model misspecification. 
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The detailed results of all diagnostic tests and robustness checks are summarized in Table 5, 

which presents both model-level and variable-level statistics for Models A and B. 

Table 5. Model diagnostics and robustness checks for multivariate regression models predicting adolescent 

obesity prevalence (Model A) and MVPA participation (Model B). 

Check Model A Model B Threshold Interpretation Conclusion 

Shapiro–Wilk  

(normality) 

W = 0.97,  

p = 0.21 

W = 0.96,  

p = 0.18 
p > 0.05 

Residuals 

approximately 

normal 

Assumption 

met 

Breusch–Pagan 

(homoscedasticity) 

χ² = 3.05,  

p = 0.27 

χ² = 2.89,  

p = 0.33 
p > 0.05 

No 

heteroscedasticity 

detected 

Assumption 

met 

Variance Inflation  

Factor (max) 
1.7 1.9 < 5 

No 

multicollinearity 

detected 

Assumption 

met 

Cook’s Distance  

(max) 
0.07 0.06 < 0.10 

No influential 

outliers 

Assumption 

met 

Robust regression  

(β PE minutes) 

–0.07  

(p = 0.005) 

0.09  

(p = 0.003) 
p < 0.05 Effects stable 

Consistent 

effect 

Alternative DV  

(log-transformed) 

Similar β,  

same sign 

Similar β,  

same sign 
– 

Results 

comparable 

Robustness 

confirmed 

Adjusted R² 0.27 0.31 – 

Moderate 

explanatory 

power 

Acceptable 

F-statistic  

(overall fit) 

F(3,38) = 6.12,  

p < 0.001 

F(3,38) = 7.45,  

p < 0.001 
p < 0.05 

Models 

statistically 

significant 

Significant fit 

After inspection of Table 5, it is evident that the models meet the statistical assumpt ions required 

for valid inference. No single diagnostic raised concerns, and the consistency of results across robust 

and alternative specifications confirms the reliability of the findings. These outcomes provide a solid 

basis for the interpretation of regression effects presented in the following discussion section. 

To complement the numerical presentation, we also created a graphical summary of all 

diagnostic tests. Figure 5 illustrates the diagnostic outcomes for both models across all procedures, 

showing that assumptions were satisfied and results remained stable under robustness checks. This 

visualization provides an immediate overview of model validity. 
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Figure 5. Diagnostic summary matrix for regression models. Each cell indicates whether assumptions and 

robustness checks were satisfied (green = OK, yellow = borderline, red = fail). Both models passed all diagnostic 

tests, confirming that results are valid and robust. 

It is evident that the models meet the statistical assumptions required for valid inference. No 

single diagnostic raised concerns, and the consistency of results across robust and alternative 

specifications confirms the reliability of the findings. These outcomes provide a solid basis for the 

interpretation of regression effects presented in the following discussion section. 

4. Discussion 

Principal findings – This study provides strong evidence that regional differences in physical 

education (PE) allocation are linked to measurable adolescent health outcomes in Romania. 

Consistent with our hypotheses, counties with more weekly PE minutes reported lower obesity 

prevalence and higher participation in daily moderate-to-vigorous physical activity (MVPA). These 

associations remained significant even after adjusting for household income and urbanization, 

confirming that PE policy operates as an independent determinant of adolescent health. The 

robustness checks summarized in Table 5 and Figure 5 further strengthen the validity of these 

findings, showing that results are stable across multiple diagnostic procedures and model 

specifications. 

Interpretation and mechanisms – The observed effects can be understood through two 

complementary perspectives. First, increasing mandated PE time creates structured opportunities for 

movement, reducing sedentary behavior and fostering physical fitness. Adolescents in counties with 

higher PE allocations are more likely to engage in sustained activity, which directly lowers obesity 

risk. Second, exposure to structured PE also reinforces behavioral patterns, making students more 

likely to adopt active lifestyles beyond the classroom. This explains why the association with MVPA 

extends outside school hours. 

The independent contribution of PE minutes, even after controlling for socioeconomic variables, 

indicates that policy can mitigate structural disadvantages. In lower-income or more rural counties, 

where extracurricular opportunities for sport are limited, PE classes represent one of the few 

systematic exposures to regular activity. This suggests that expanding PE time may be especially 

impactful in disadvantaged regions, helping reduce inequities in adolescent health outcomes. 

Policy implications – The findings carry several implications for education and health policy. 

Setting a nationwide minimum of 150 minutes of PE per week would harmonize practice with 

international recommendations and reduce disparities between counties. Targeted investment in 

infrastructure and qualified staff is needed in regions currently falling short of this standard. PE 
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curricula should integrate complementary elements—such as injury prevention, nutritional literacy, 

and behavioral self-regulation—to maximize long-term health benefits. Finally, modern monitoring 

tools and digital feedback systems can enhance the quality of instruction, provided they are 

embedded in pedagogically coherent frameworks. 

Strengths and limitations – A major strength of this study is the comprehensive, county-level 

dataset covering all 42 Romanian administrative units. The use of standardized indicators and 

rigorous diagnostics ensures both transparency and credibility. By combining policy metrics with 

health outcomes and socioeconomic covariates, the analysis provides robust evidence for national-

level decision-making. 

However, limitations must be acknowledged. The reliance on secondary, aggregated data 

restricts causal inference and may obscure individual-level variation. Self-reported measures of 

MVPA are subject to bias, and certain contextual factors—such as teacher quality, school culture, or 

availability of extracurricular activities—were not captured. Future research should employ 

longitudinal and multilevel designs to explore causal pathways and integrate qualitative insights 

from educators, students, and policymakers. 

Broader implications – Beyond the Romanian context, this study demonstrates how education 

policy can function as a scalable public health intervention. By mandating and monitoring sufficient 

PE time, governments can simultaneously address rising trends in obesity and declining activity 

levels among adolescents. The evidence presented here supports a view of PE not as a peripheral 

school subject, but as a cornerstone of youth health promotion and equity. Countries facing similar 

disparities may draw lessons from this national analysis, adapting the approach to their own 

contexts. 

5. Conclusions 

Summary of findings – This study demonstrated that county-level variation in mandated 

physical education (PE) minutes in Romania is significantly associated with adolescent health 

outcomes. Higher PE allocation was linked to lower obesity prevalence and greater participation in 

daily moderate-to-vigorous physical activity (MVPA). These associations remained robust after 

adjusting for income and urbanization, confirming the independent contribution of education policy 

to adolescent well-being. 

Implications – The evidence suggests that expanding PE time can serve as an effective public 

health intervention. Establishing a nationwide minimum of 150 minutes per week, combined with 

targeted investment in disadvantaged counties, could reduce health disparities and promote equity. 

Integrating nutritional education, injury prevention, and modern monitoring tools into PE curricula 

would further enhance the benefits. 

Strength of evidence – Rigorous diagnostic checks confirmed that models met all statistical 

assumptions and that results were stable across robustness tests. This provides a solid basis for 

confidence in the observed associations. 

Future directions – While the study relies on aggregated data and cannot establish causality, it 

highlights the need for longitudinal and multilevel analyses that capture school- and individual-level 

factors. Further research should also explore stakeholder perspectives to design interventions that 

are both effective and context-sensitive. 

Final note – Physical education should be recognized not only as an academic requirement but 

also as a cornerstone of adolescent health promotion. By aligning curriculum policy with public 

health objectives, Romania—and other countries facing similar challenges—can take meaningful 

steps toward improving the health and equity of future generations. 
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