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Background and objectives: Adolescent physical activity is a critical determinant of long-term physical and mental health. However, the factors influencing activity levels remain underexplored in rapidly urbanizing regions such as Saudi Arabia, where changing built environments pose unique challenges.

Methods: This study examined the relationship between neighborhood safety perceptions and physical activity levels among 1,500 adolescents aged 14–17 years in the cities of Riyadh, Jeddah, and Dammam, representing a mix of urban and suburban settings. This study used a cross-sectional design with data collected through a validated self-reported questionnaires and interviews; the data were analyzed through multivariate regression.

Results: The results indicate that adolescents who perceived higher traffic-related safety concerns engaged in 30% less physical activity compared to those in safer neighborhoods (p < 0.01). Female adolescents were 20% more likely than male adolescents to report safety concerns (p < 0.05), while those residing in villas engaged in 15% more physical activity than their peers living in flats (p < 0.05).

Conclusions: These findings underscore the significant role of neighborhood safety in shaping adolescent health behaviors, particularly regarding traffic management and accessibility. These results contribute to the growing evidence regarding the influence of built environments on youth health and wellbeing in rapidly urbanizing regions. The study offers actionable policy recommendations for urban planners and public health officials to create safer, more inclusive environments that encourage physical activity, especially among female adolescents. Future research should adopt longitudinal designs and incorporate objective measures, such as wearable activity trackers, to assess the long-term impact of neighborhood safety interventions on adolescent health outcomes.
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1 Introduction

Adolescent physical activity is crucial for promoting both physical and mental wellbeing. Globally, regular physical activity during adolescence is associated with significant health benefits, including the prevention of obesity, cardiovascular diseases, and type 2 diabetes (1). Moreover, physical activity has been shown to positively impact mental health by reducing symptoms of depression and anxiety and improving overall cognitive functioning (2). Despite these benefits, research indicates that a large proportion of adolescents worldwide fail to meet the recommended daily 60 min of moderate-to-vigorous physical activity (3).

Among the most influential factors are perceptions of neighborhood safety linking adolescents to physical activity. Indeed, safety concerns on elements such as traffic hazards and crime, or even just environmental conditions, facilitate opportunities for outdoor activity in context-specific ways. This study limits these perceptions to an understanding developed across diverse residential settings like urban, suburban, and rural settings, with each offering differing challenges and opportunities related to safety.

One of the primary factors influencing adolescent physical activity is the safety of their surrounding neighborhood. Research has demonstrated that adolescents who perceive their neighborhoods as unsafe, particularly due to traffic or environmental hazards, are less likely to engage in physical activity (4). Neighborhood safety concerns often deter adolescents from walking, biking, or playing outside, significantly reducing their daily physical activity (5). Traffic-related safety concerns, in particular, have emerged as a major barrier, especially in urban areas, where high traffic volumes and insufficient pedestrian infrastructure pose risks to adolescents (6). The presence of safe, accessible parks and recreational spaces can mitigate these concerns and encourage physical activity (7).

In Saudi Arabia, the research on neighborhood safety and its impact on adolescent physical activity remains limited. This country is undergoing rapid urbanization, with increasing traffic volumes and infrastructural development, which may affect physical activity behaviors in adolescents (8). While studies have focused on the general health of Saudi adolescents, particularly in relation to obesity and sedentary lifestyles, the specific role of neighborhood safety has not been thoroughly examined (9). Given the unique socio-cultural and environmental conditions in Saudi Arabia, understanding how neighborhood safety perceptions influence physical activity is crucial in designing effective public health interventions.

This study sought to address the following research question: how do perceptions of neighborhood safety, moderated by gender and socio-economic factors, influence the physical activity levels of adolescents in rapidly urbanizing regions of Saudi Arabia? Given the unique socio-cultural context and varying urban environments within the country, we hypothesize the following:

• H1: Adolescents who perceive their neighborhoods as unsafe due to traffic and crime concerns will engage in significantly lower levels of physical activity compared to those who perceive their neighborhoods as safe.

• H2: Female adolescents are more likely to report safety concerns, which will correspond with lower levels of physical activity compared to their male counterparts.

• H3: Adolescents living in higher socio-economic environments (e.g., villas) will report higher levels of physical activity than those in lower socio-economic settings (e.g., flats), moderated by their perceptions of neighborhood safety.

These hypotheses reflect the anticipated interactions among neighborhood safety, gender, and socio-economic status, providing a framework for understanding how environmental and demographic factors jointly shape adolescent health behaviors in Saudi Arabia. By testing these hypotheses, the study aims to contribute to the growing body of literature on the role of built environments in influencing youth physical activity in rapidly urbanizing regions. This study aims to address this gap by examining the relationship between neighborhood safety perceptions, particularly in relation to traffic and environmental hazards, and physical activity levels among adolescents in Saudi Arabia. By exploring the influence of different residential environments (urban, suburban, and rural) on physical activity, this research seeks to provide insights into how urban planning and safety policies can be optimized to support adolescent health in the region.

Although the literature has focused on urban areas in examining neighborhood safety and physical activity, suburban and rural areas also pose unique challenges and opportunities worthy of investigation. For example, suburban neighborhoods often have lower population densities and fewer pedestrian facilities, while rural communities may have fewer recreational resources and safety concerns. These differences are important to the broader understanding of the neighborhood safety-health hypothesis among adolescents. Including suburban and rural settings will allow for a more thorough examination of the different ways in which residential environment factors into physical activity levels—an important gap in much of the current literature.

The remainder of this paper is structured as follows: Section 2 reviews the literature on adolescents' physical activity and the barriers that they face in practicing it. Section 3 details the methodology, while Section 4 presents the results regarding the link between neighborhood safety and physical activity. Section 5 discusses the findings and offers policy recommendations.



2 Literature review

There are many factors of influence on adolescents' physical activity—a social and environmental barrier, a psychological, all multilevel being barriers to a collective outcome of activity levels. The study, however, explores neighborhood safety as one of the factors or elements. Safety concerns due, for instance, to threats from traffic hazards, incidents of crime, and infrastructure mishaps have been found drastically to reduce outdoor physical activity among adolescents. Other factors also involve cultural norms, socio-economic disparity, and availability of recreation facilities; all these variables are important but are touched upon briefly only so that the neighborhood safety can remain the mainstay of this research work.

Social, environmental, and psychological barriers significantly influence adolescent physical activity levels. Social support from peers and family plays a key role in encouraging or discouraging physical activity. Adolescents with physically active friends or supportive family members are more likely to engage in sports and recreational activities (10). Conversely, the absence of such support, coupled with societal and cultural expectations, can deter adolescents from being active (11). Gender norms are particularly relevant, as girls may face greater societal pressure that restricts their participation in sports or physical activities due to concerns about safety or appropriateness (12). Studies have shown that girls are generally less active than boys, partially due to these norms and expectations (13, 14).

Environmental factors, particularly neighborhood safety, are among the most significant barriers to adolescent physical activity. The built environment, including the availability of parks, recreational spaces, and walkable infrastructure, directly impacts whether adolescents feel safe and motivated to engage in physical activity (15). Adolescents who live in neighborhoods with limited access to parks or community centers are less likely to meet recommended physical activity levels (16). Additionally, traffic safety and crime rates play critical roles in determining whether parents allow their children to engage in outdoor activities. High crime rates, violence, and unsafe traffic conditions are significant deterrents for both parents and adolescents, leading to reduced physical activity (17, 18).

Research has consistently shown that neighborhood safety is one of the most important factors influencing physical activity among adolescents. Unsafe neighborhoods, characterized by high crime rates, poor lighting, and traffic hazards, discourage outdoor activities such as walking, running, or cycling (19). Parents who perceive their neighborhood as unsafe are less likely to allow their children to play outdoors or walk to school, which further limits their opportunities for physical activity (20). In urban environments, traffic-related safety concerns such as high-speed vehicles, inadequate pedestrian infrastructure, and a lack of safe crossings are particularly problematic. Adolescents in such settings often lack safe routes to parks, playgrounds, or recreational facilities, reducing their likelihood of engaging in outdoor physical activity (21). Studies have also shown that adolescents are less likely to participate in outdoor activities in neighborhoods with poorly maintained public spaces, such as parks with litter, graffiti, or broken equipment (22, 23).

Psychological factors, such as self-esteem, motivation, and fear of failure, also play a critical role in influencing adolescent physical activity. Adolescents with low self-confidence in their physical abilities may avoid participating in sports or exercise due to fear of embarrassment or failure (24). This is particularly true for girls, who may feel more self-conscious about their physical appearance and abilities compared to boys (25). Additionally, the rise in sedentary behaviors driven by screen time and digital entertainment has significantly contributed to reduced physical activity levels. Adolescents increasingly prefer spending their free time engaging with technology rather than participating in physical activities. Studies have shown that this shift toward sedentary behavior is exacerbated by psychological barriers, such as anxiety about physical performance or fear of social judgment (26, 27).

Cultural and socio-economic factors also influence adolescent physical activity levels. In conservative societies, gender norms and cultural expectations often limit girls' participation in outdoor activities or sports. For example, in Saudi Arabia, traditional gender roles have historically restricted girls' access to public recreational spaces, though recent reforms have improved access for both genders (28). However, socio-cultural barriers remain, particularly in rural or conservative regions, where girls face additional challenges in engaging in physical activity (29). Economic disparities also play a significant role in shaping access to physical activity opportunities. Adolescents from lower-income households are less likely to have access to sports equipment, gym memberships, or recreational facilities (30). These disparities create an uneven playing field, where wealthier adolescents have more opportunities to engage in structured physical activities.

Neighborhood safety is a significant predictor of physical activity levels in adolescents. Unsafe neighborhoods, characterized by high crime rates, traffic dangers, and environmental degradation, deter outdoor physical activity (31). For example, a study found that adolescents living in neighborhoods with higher crime rates were significantly less likely to engage in outdoor physical activities compared to those living in safer areas (32). Similarly, traffic-related safety concerns, such as high traffic volumes and inadequate pedestrian infrastructure, discourage parents from allowing their children to walk or bike to school or recreational facilities (4, 33). Adolescents in neighborhoods with safe traffic conditions, such as sidewalks, bike lanes, and traffic-calming measures, are more likely to engage in active commuting and outdoor activities (34). Studies have shown that improving neighborhood walkability and providing safe pedestrian routes can significantly increase physical activity levels in adolescents (35).

Environmental degradation also contributes to perceptions of neighborhood safety and influences physical activity levels. Adolescents are less likely to use outdoor spaces that are poorly maintained or perceived as unsafe due to vandalism, litter, or broken equipment (36). Studies have shown that adolescents living in neighborhoods with clean, well-maintained parks are more likely to engage in outdoor activities compared to those living in areas with neglected public spaces (37). The presence of attractive, safe recreational spaces encourages adolescents to participate in activities such as walking, running, or playing sports, whereas the lack of such spaces forces adolescents to find alternative, often sedentary, forms of entertainment (38). This is particularly problematic in densely populated urban environments where recreational spaces are limited and environmental degradation further discourages outdoor activity (39).

Gender differences are also evident in how adolescents perceive neighborhood safety and its impact on physical activity. Girls are generally more sensitive to safety concerns, such as crime and traffic, and are less likely to engage in outdoor physical activities if they perceive their neighborhoods as unsafe (40). Studies have shown that girls are less likely to participate in outdoor activities after dark due to heightened concerns about personal safety, which contributes to lower overall physical activity levels compared to boys (41). Addressing these gender-specific safety concerns is crucial for ensuring that boys and girls can participate equally in physical activity (42). Research suggests that interventions designed to improve neighborhood safety and provide safe recreational spaces can have a significant impact in increasing physical activity levels, particularly among girls (43).

Various studies have stressed how neighborhood safety is considered one of the most important factors in determining the pattern of physical activity among adolescents. The commonly identified barriers are traffic hazards, poor lighting conditions, and lack of pedestrian infrastructure. Some studies also highlighted that possibly the risks from moving traffic are generally greater among adolescents in urban locations while those in suburban and rural settings face connectivity and visibility issues. In this respect, the review synthesized evidence that supported the study's aim of understanding how neighborhood safety relates to physical activity patterns through focused analysis of various contexts by dwelling on only perceptions of safety.

In summary, neighborhood safety, including concerns about crime, traffic, and environmental degradation, significantly impacts adolescents' physical activity levels. Unsafe environments discourage outdoor activities, contributing to sedentary behaviors and long-term health issues. Addressing these safety concerns through improved urban planning, enhanced pedestrian infrastructure, and the creation of safe recreational spaces is critical for promoting physical activity among adolescents. Moreover, addressing gender and socio-economic disparities is vital in ensuring that all adolescents have equal access to safe, supportive environments that encourage physical activity.



3 Materials and methods


3.1 Study design

The study employed a cross-sectional interview-based design to investigate the relationship between adolescents' perceptions of neighborhood safety and their physical activity levels in Saudi Arabia. Cross-sectional studies are widely used to assess associations between variables at a specific point in time and are particularly effective in public health research for understanding behavioral patterns within populations. This approach allows an examination of how adolescents perceive neighborhood safety—specifically regarding traffic safety and environmental hazards—and how these perceptions influence their engagement in physical activities such as walking, biking, or playing outdoors.

The study targeted adolescents aged 14–17, as this age group is crucial in the development of lifelong health habits, including regular physical activity. Adolescence is a transitional period marked by increased independence, during which neighborhood safety and environmental factors can have a profound impact on outdoor activities.

The interview guide was designed to capture data in three main areas. Respondents were asked to discuss their perceptions of neighborhood safety, with a specific focus on traffic-related hazards, crime, and the availability of safe walking and recreational spaces. These factors have been shown to influence adolescents' likelihood of engaging in outdoor activities. The interviews also gathered information on the frequency and types of physical activities in which the adolescents participated, such as walking, biking, or sports, both at home and in public spaces. Participants were asked to reflect on their activity levels using a similar approach to that employed in previous physical activity studies. The interviews included questions about adolescents' involvement in local organizations, such as sports clubs or community centers, to examine whether social engagement influenced physical activity levels.

It is relevant to point out the role of cultural norms, especially in conservative countries like Saudi Arabia, where gender-related barriers make a great impact on the level of physical activities. The expectations placed by society and the limitation of public behavior impede the chances of outdoor activities among young females. Future research in these cultural dynamics will help in the design of culturally sensitive interventions that respect societal norms while promoting physical activity, such as culturally appropriate female-only facilities or programs that promote family-based activities to create more inclusive environments.

The demographic characteristics of the study participants are summarized in Table 1. The sample includes 1,500 adolescents, evenly divided between males and females, aged 14–17 years and residing in both urban (60%) and suburban (40%) settings across Riyadh, Jeddah, and Dammam. Most participants were from high socio-economic backgrounds (50%), with a significant proportion residing in villas (60%), which reflects the socio-economic diversity of the sample.


TABLE 1 Demographic characteristics of the study participants.

[image: Table 1]

The study aimed to compare physical activity patterns across different residential environments—urban, suburban, and rural. This comparison is crucial, as urbanization in Saudi Arabia has altered the built environment, potentially impacting accessibility to safe recreational spaces and contributing to sedentary lifestyles.



3.2 Survey instrument

A structured interview guide was developed to comprehensively capture data on adolescents' physical activity levels, perceptions of neighborhood safety, and related environmental factors. The survey instrument was designed using previously validated measures for assessing physical activity (e.g., the International Physical Activity Questionnaire) and neighborhood environments, and it was adapted to ensure cultural relevance within the Saudi context. The guide was organized into several key sections, each corresponding to the study's research objectives, facilitating a detailed exploration of factors that influence adolescent physical activity in urban and suburban settings.

The interview guide was pilot-tested with a subset of 50 adolescents to ensure clarity, cultural appropriateness, and the relevance of the questions. Feedback from this pilot test was used to refine the questionnaire, improving the flow and wording of the questions. These modifications enhanced the instrument's overall effectiveness in capturing the participants' experiences and perceptions. The finalized version of the interview guide was provided to the full sample of 1,500 adolescents aged 14–17 years, spread across the cities of Riyadh, Jeddah, and Dammam.

To address potential biases, particularly social desirability bias often observed in adolescent self-reports, measures were implemented to promote candid responses. These included ensuring respondent anonymity, conducting interviews in semi-private settings, and using neutral language in questionnaire items. While formal statistical bias analysis was not conducted, these procedural safeguards aimed to minimize the influence of social desirability and enhance the reliability of the collected data.


3.2.1 Demographic information

The demographic section of the interview guide collected basic participant information, including age, gender, nationality, weight, height, and residence type (e.g., villa or flat). These details enabled comparisons across socio-economic groups and residential settings. Weight and height were utilized to calculate body mass index (BMI), which was analyzed as a potential correlate of physical activity levels.



3.2.2 Physical activity

To measure physical activity levels, participants were asked to report the frequency of various activities, such as walking, biking, and sports. The frequency of engagement was recorded using a Likert-type scale ranging from “never” to “4 or more times per week.” This section aimed to assess the variety and context of physical activities performed by adolescents in different settings, such as inside the home, in the yard, on local streets, and in parks. The use of a validated physical activity scale ensured the reliability of the data collected in this section.



3.2.3 Neighborhood safety perceptions

This section focused on adolescents' perceptions of neighborhood safety, particularly in relation to traffic safety, crime, and the availability of safe spaces for physical activity. Participants rated their agreement with statements on neighborhood safety using a Likert scale ranging from “strongly disagree” to “strongly agree.” The inclusion of this section was designed to assess how environmental hazards, such as a high traffic volume and high crime rates, impacted adolescents' physical activity and overall wellbeing.



3.2.4 Community engagement

The community engagement section was designed to explore the role of social networks in promoting physical activity. Participants reported their involvement in local organizations, such as sports clubs, mosques, and community centers. Understanding the extent of community engagement provided insights into the social factors influencing physical activity levels, as previous research suggests that social support and community participation are critical determinants of active behaviors among young people.




3.3 Data collection

The data were collected through on-site interviews conducted in various public open spaces across different regions of Saudi Arabia. This method facilitated direct engagement with adolescents aged 14–17 years, enabling them to provide more in-depth responses regarding neighborhood safety perceptions and physical activity levels. Interviews were held in accessible public locations such as parks, community centers, and recreational areas, ensuring broad participation from adolescents who frequently use these spaces. This approach also allowed the researchers to capture contextual information about their physical activity in a familiar and comfortable environment.

A total of 1,500 adolescents participated in the interviews, representing diverse socio-economic backgrounds and residential environments, including urban, suburban, and rural settings. The sample size provided a representative overview of adolescents' perceptions of neighborhood safety and their physical activity behaviors, while also ensuring statistical power for detecting meaningful relationships. Participants were recruited on-site from major cities such as Riyadh, Jeddah, and Dammam, as well as from surrounding rural regions, enabling regional comparisons. This diversity in sampling helped identify trends in physical activity and safety perceptions across different geographic and socio-economic groups.

Interviews were conducted over a 2-month period, allowing sufficient time to reach the target number of participants from various regions. Public spaces frequented by adolescents, such as parks and community recreational areas, were specifically selected to ensure that participants felt at ease when discussing neighborhood safety and physical activity. All interviews were conducted anonymously, with no identifying information linked to participants' responses. This anonymity ensured confidentiality and encouraged participants to provide honest feedback on sensitive topics, such as perceived safety and barriers to physical activity.

To enhance the trustworthiness of self-reported data, future studies should integrate objective metrics such as wearable activity monitors and GPS tracking. These tools can validate self-reported physical activity levels and provide more accurate measures of environmental exposure, reducing potential biases and improving the reliability of findings.



3.4 Demographic influence on physical activity

The data collection procedure was meticulously designed and implemented to ensure that participants provided accurate and honest responses while maintaining the integrity and ethical standards of the study. Data collection took place over a period of 2 months, from March to April 2024, across various regions in Saudi Arabia, including the cities of Riyadh, Jeddah, and Dammam, as well as selected suburban and rural areas. The procedure was carried out by a team of trained researchers and interviewers to maintain consistency and ensure that the study objectives were met effectively. Following were the standard steps to be taken care for data collection purposes:

1. Interviewer Training and Preparation

a. All interviewers underwent comprehensive training on the study objectives, ethical considerations, interview techniques, and maintaining neutrality to ensure respectful and comfortable engagement with participants.

2. Selection of Data Collection Sites

a. Data were collected from diverse public spaces across various socio-economic settings at different times to capture a wide range of adolescents' perceptions of neighborhood safety and physical activity.

3. Participant Recruitment and Consent Process

a. Trained interviewers approached eligible adolescents (14–17 years) at the sites, explained the study, and obtained participant assent and parental consent, ensuring informed participation and the right to withdraw.

4. Conducting the Interviews

a. Interviews, lasting 20–30 min, were conducted in semi-private spaces to ensure confidentiality, following a structured guide with flexibility for follow-up questions to enhance understanding of participants' perceptions.

5. Ethical Considerations and Data Management

a. Participants' privacy was protected by assigning unique IDs, recording responses anonymously, and securely storing data in a password-protected database. The study followed ethical guidelines, with IRB approval and adherence to the Declaration of Helsinki.

6. Quality Control and Verification

a. Quality control checks were conducted regularly, with supervisors reviewing interview samples to ensure protocol compliance and promptly addressing any issues to maintain data reliability.



3.5 Data analysis

The data analysis process was carried out using SPSS (Statistical Package for the Social Sciences) version 26.0, supplemented with additional analyses in R Studio version 4.1.2 for more advanced statistical testing. This dual-software approach ensured comprehensive data analysis, offering both basic descriptive statistics and advanced modeling techniques. The analysis focused on understanding the relationship between neighborhood safety perceptions and physical activity levels among adolescents while accounting for confounding variables such as gender, socio-economic status, and residential environment.


3.5.1 Descriptive statistics

Descriptive statistics were computed to summarize the demographic characteristics of the sample, including age, gender, weight, height, and socio-economic status. The mean, standard deviation, and range were calculated for continuous variables, while frequencies and percentages were reported for categorical variables. These descriptive measures provided an overview of the sample composition and helped identify any anomalies or outliers in the data.

The descriptive analysis showed that the average age of participants was 15.5 years (SD = 1.1), with a fairly even distribution between male (50%) and female (50%) adolescents. The average body mass index (BMI) was calculated using the following formula:

[image: image]

The mean BMI was found to be 22.8 (SD = 3.4), indicating that most participants fell within a healthy weight range according to the World Health Organization (WHO) guidelines.



3.5.2 Handling missing data

Missing data can significantly impact the validity of research findings. In this study, a comprehensive strategy was employed to handle missing data. Initially, a missing data analysis was conducted using Little's MCAR (Missing Completely at Random) test. The results showed that the missing data pattern was random (p > 0.05), indicating that missing values did not systematically bias the study outcomes.

Missing data were addressed using multiple imputations through the Expectation-Maximization algorithm, which assumes that the data are missing at random. However, the potential impact of missing values on the results cannot be fully eliminated. To assess the robustness of our findings, future studies should include sensitivity analyses to evaluate how different methods of handling missing data might affect the results. This would ensure that the conclusions drawn are not unduly influenced by absent values and improve the reliability of the study.

To address missing data, multiple imputations were performed using the Expectation-Maximization (EM) algorithm in SPSS. This method was selected because it provides unbiased parameter estimates under the assumption that data are missing at random (MAR). A total of five imputations were performed, and the resulting datasets were pooled to generate final parameter estimates. This approach ensured that the loss of statistical power due to missing data was minimized.



3.5.3 Data transformation and normality testing

Several variables were transformed to meet the assumptions of normality required for parametric tests. For example, the physical activity variable, which was initially right-skewed, was logarithmically transformed using the following formula:

[image: image]

where Y represents the original physical activity frequency, and Y′ is the transformed value. The addition of 1 was necessary to avoid undefined values for participants reporting that they performed no physical activity. The Shapiro–Wilk test for normality and Q-Q plots confirmed that the transformed variables followed a normal distribution (p > 0.05).



3.5.4 Inferential statistics and hypothesis testing

To examine the relationship between neighborhood safety perceptions and physical activity levels, various inferential statistical methods were employed:

• Independent Samples t-test: This test was used to compare mean physical activity levels between male and female participants. The t-test formula is as follows:

[image: image]

where [image: image] are the sample means of physical activity for male and female respondents, respectively; [image: image] are the variances of the two groups; and n1 and n2 are the sample sizes for each group.

The results indicated that male participants engaged in significantly more physical activity than female participants (t(1498) = 4.67, p < 0.001).

• Analysis of Variance (ANOVA): A one-way ANOVA was conducted to test differences in physical activity levels across different socio-economic status groups (low, medium, high). The ANOVA equation is expressed as follows:

[image: image]

The results revealed significant differences in physical activity levels among the three socio-economic groups (F(2, 1497) = 8.45, p < 0.001). Using Tukey's HSD test, post hoc analyses indicated that adolescents from higher socio-economic backgrounds engaged in significantly more physical activity than those from lower socio-economic backgrounds (p < 0.05).

• Multiple Regression Analysis: To further understand the relationship between neighborhood safety perceptions and physical activity, a multiple regression analysis was conducted. The dependent variable was physical activity level, while the independent variables included neighborhood safety perceptions, gender, age, and socio-economic status. The regression equation is represented as follows:

[image: image]

where Y is the dependent variable (physical activity); β0 is the intercept; β1, β2, and β3 are the regression coefficients for independent variables X1, X2 and X3; and ∈ is the error term.

The model showed that neighborhood safety perceptions significantly predicted physical activity levels (β = 0.25, p < 0.01), with higher perceptions of safety associated with increased physical activity.

• Logistic Regression Analysis: A logistic regression was performed to assess the likelihood of adolescents engaging in physical activity based on perceived neighborhood safety. The outcome variable was dichotomized as “engages in regular physical activity” (yes/no). The logistic regression model is represented as follows:

[image: image]

where p is the probability of engaging in regular physical activity, and β1, β2 are the coefficients for predictors such as safety perceptions and gender. The results indicated that adolescents who perceived their neighborhood as safe were 1.8 times more likely to engage in regular physical activity (OR = 1.8, 95% CI: 1.4–2.3, p < 0.01).



3.5.5 Confounding variables and clustering effects

The analysis accounted for potential confounding variables, including gender, age, and socio-economic status, by including these as covariates in regression models. Additionally, clustering effects due to sampling from different regions (urban, suburban, rural) were addressed using hierarchical linear modeling (HLM). This technique allows for nested data structures and controls for variations across different regions.

Table 2 summarizes the key statistical analyses conducted in this study.


TABLE 2 Key statistical analyses.
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3.6 Reliability and validity

Reliability and validity are critical components in ensuring that the data collection instruments yield consistent and accurate results. In this study, reliability was assessed through internal consistency measures, while validity was evaluated through both content and construct validity assessments.


3.6.1 Reliability analysis

The internal consistency of the survey instruments was evaluated using Cronbach's alpha. Cronbach's alpha coefficient measures the degree to which items within a scale are correlated, providing an estimate of the reliability of the instrument. A Cronbach's alpha value above 0.70 is generally considered acceptable for social science research.

For the Physical Activity scale, Cronbach's alpha was 0.82, indicating good internal consistency. The Neighborhood Safety Perception scale yielded a Cronbach's alpha of 0.79, while the Community Engagement scale had an alpha of 0.85. These results suggest that the items within each scale consistently measured the intended constructs.



3.6.2 Validity analysis

• Content Validity

Content validity was established through an extensive literature review and consultation with experts in adolescent health and urban planning. The survey items were reviewed to ensure that they comprehensively covered all aspects of physical activity, neighborhood safety, and community engagement relevant to the study's objectives.

• Construct Validity

Construct validity was assessed using factor analysis. An exploratory factor analysis (EFA) was conducted to identify the underlying structure of the survey items. The Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy was 0.84, and Bartlett's Test of Sphericity was significant (p < 0.001), indicating that the data were suitable for factor analysis. Items with factor loadings >0.50 were retained, and the overall factor structure aligned with theoretical expectations, supporting the construct validity of the instrument.

• Internal and External Validity

Internal validity was ensured by controlling for potential confounding variables through multivariate analyses. External validity was enhanced by using a representative sample of adolescents from different regions and socio-economic backgrounds, increasing the generalizability of the findings to the broader adolescent population in Saudi Arabia.





4 Results


4.1 Age and gender differences in physical activity levels

The analysis revealed, as shown in Figure 1, distinct variations in physical activity levels across different age groups and between genders among the 1,500 participating adolescents. Adolescents aged 16 years exhibited the highest levels of physical activity, with a mean participation rate of 3.8 times per week (SD = 1.2). In contrast, 14-year-olds showed significantly lower participation levels, with an average engagement rate of 1.5 times per week (SD = 0.9), indicating a marked decline in physical activity among the younger age group [t(1498) = 6.53, p < 0.01]. This age-related trend suggests that older adolescents are more likely to engage in structured or informal physical activities, possibly due to increased independence and access to recreational facilities.


[image: Figure 1]
FIGURE 1
 Age and gender differences in physical activity levels.


When examining gender differences, boys were found to be significantly more active than girls across all types of physical activities. On average, boys reported engaging in physical activities 4.2 times per week (SD = 1.5), compared to 2.7 times per week (SD = 1.3) for girls [t(1498) = 7.12, p < 0.001]. This disparity was particularly evident in outdoor activities such as walking, jogging, and playing sports. Specifically, 58% of boys reported participating in outdoor activities at least three times a week, compared to only 33% of girls. Additionally, gender differences were pronounced in recreational activities such as desert outings, as 202 boys (26.9%) reported engaging in desert activities at least once a month, while 315 girls (42.0%) indicated that they never participated in such activities. Similarly, in indoor recreational settings such as gyms or martial arts centers, more girls (310) reported never participating compared to boys (182).

These findings suggest that safety concerns and socio-cultural norms may disproportionately influence girls' participation in physical activities. Logistic regression analysis revealed that female adolescents were 2.3 times more likely to report non-participation in physical activities due to perceived safety concerns, such as traffic hazards and lack of visibility (OR = 2.3, 95% CI: 1.9–2.8, p < 0.001). The role of perceived neighborhood safety in discouraging physical activity was further supported by a multiple regression model, which showed that perceived safety was a significant predictor of physical activity levels (β = 0.25, p < 0.01). Girls who perceived their neighborhoods as unsafe were 30% less likely to engage in regular physical activity than their male counterparts.



4.2 Safety perceptions and physical activity
 
4.2.1 Traffic and neighborhood safety

The data demonstrate a significant correlation between perceived traffic hazards and reduced levels of physical activity, as shown in Figure 2. Adolescents who reported heavy traffic and unsafe conditions in their neighborhoods engaged in less frequent outdoor activities. For example, 872 participants strongly disagreed with the statement that “traffic made walking difficult,” while 616 participants somewhat disagreed with the notion that traffic was slow enough for safe walking.


[image: Figure 2]
FIGURE 2
 Traffic safety perceptions by residence type.


Participants from flats were particularly impacted by traffic concerns, with 272 flat residents strongly disagreeing with the statement that traffic was slow in their neighborhoods. This perception was associated with lower levels of outdoor activity, particularly in settings like parks and public spaces. Similarly, those who felt that there were inadequate crosswalks or pedestrian signals to help walkers cross busy streets also reported reduced engagement in physical activity. For instance, 622 participants strongly disagreed with the idea that their neighborhoods had sufficient crosswalks and signals, which negatively influenced their likelihood of engaging in walking or other outdoor exercises.



4.2.2 Visibility and crime concerns

Poor visibility for walkers and concerns about crime further exacerbated the reduction in physical activity, especially among girls. This study found that 558 participants strongly disagreed with the statement that “walkers and bikers can be easily seen by people in their homes,” indicating potential safety concerns related to both traffic and crime, as shown in Figure 3. This lack of visibility was particularly problematic for girls, as more of them reported avoiding outdoor activities due to fears of being unseen while walking or biking.
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FIGURE 3
 Relative concerns by gender.


In terms of crime, adolescents living in urban or flat environments expressed greater concern, with many reporting they avoided outdoor activities in certain areas due to safety issues such as vandalism or poor lighting. For example, 514 participants only somewhat agreed that their streets had good lighting at night, and this lack of visibility was linked to lower participation in outdoor physical activities. These findings underscore the importance of addressing visibility and crime concerns, particularly in urban environments, to promote higher levels of physical activity, especially among girls.

Girls avoided outdoor physical activities due to the combined risks of traffic hazards and pollution.




4.3 Socio-economic disparities
 
4.3.1 Impact of socio-economic status

The study reveals significant disparities in physical activity levels based on socio-economic factors, using the residential type as a key indicator, as illustrated in Figure 4. Adolescents living in lower-income settings, such as flats, reported higher inactivity levels and greater safety concerns compared to those living in more affluent environments, such as villas. For instance, 166 out of 558 participants living in flats reported never participating in indoor recreational activities, such as the gym or martial arts, while only 52 out of 274 villa residents reported the same level of inactivity.
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FIGURE 4
 Distribution of physical activity levels by residence type and gender.


Participants from flats also expressed more concerns about safety, particularly regarding traffic and neighborhood infrastructure. A total of 272 flat-dwelling adolescents strongly disagreed with the statement that “traffic is slow enough for walking,” compared to only 52 participants from villas with gardens. This disparity suggests that those in lower socio-economic settings face more barriers to engaging in physical activity, primarily due to unsafe traffic conditions, a lack of pedestrian infrastructure, and higher exposure to pollution.




4.4 Saudi versus non-Saudi participation

The study highlights significant differences in physical activity levels between Saudi and non-Saudi adolescents. Overall, non-Saudi participants reported lower levels of physical activity and higher safety concerns compared to their Saudi counterparts. For instance, 54% of non-Saudi participants reported “never” participating in indoor recreational activities such as gym sessions or martial arts, whereas 24% of Saudi adolescents reported similar inactivity levels, as shown in Figure 5.
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FIGURE 5
 Physical activity by nationality and gender (Saudi vs. non-Saudi participants).


In terms of outdoor activities, non-Saudi participants also exhibited lower engagement. For example, 44% of non-Saudi participants reported “never” participating in desert activities, compared to only 30% of Saudi adolescents. This difference suggests that cultural and environmental factors may play a role in shaping how adolescents from different backgrounds perceive and engage in physical activities.

Safety concerns were more prevalent among non-Saudi participants, further limiting their participation in outdoor activities. Many non-Saudi participants expressed concerns about traffic hazards, poor visibility, and the lack of pedestrian infrastructure in their neighborhoods. For instance, 40% of non-Saudi participants strongly disagreed that the traffic in their neighborhood was slow enough for safe walking, compared to 33% of Saudi participants. This indicates that non-Saudi adolescents face additional barriers to physical activity due to a heightened perception of safety risks, which may be linked to their residential environment or socio-economic status.

These findings suggest that cultural and national backgrounds significantly influence physical activity patterns, with non-Saudi adolescents being more susceptible to inactivity due to both environmental and safety-related factors. Addressing these concerns through targeted interventions, such as improving neighborhood safety and accessibility to recreational facilities, could help encourage higher participation in physical activity among non-Saudi young people.



4.5 Result correlations

The results of the study reveal several important correlations that highlight how various factors influence physical activity levels among adolescents. These correlations demonstrate the interconnectedness between environmental, socio-economic, and personal perceptions of safety and the frequency of physical activity. By examining relationships such as the impact of traffic hazards, pollution, and neighborhood safety perceptions, as well as the role of gender, community involvement, and socio-economic status, the findings provide a deeper understanding of barriers to, and facilitators of, physical activity. These correlations underscore the need for targeted interventions to improve environmental conditions, enhance safety, and increase community engagement to promote healthier lifestyles among young people.


4.5.1 Traffic hazards and physical activity

Table 3 highlights the correlation between perceived traffic hazards and the frequency of outdoor physical activities such as walking and biking. Adolescents who perceived higher traffic hazards were less likely to participate in these activities. For example, 40% of those perceiving high traffic hazards reported never walking outdoors, compared to only 15% of those perceiving low traffic hazards. Similarly, 45% of those who perceived high traffic hazards reported never biking, in contrast to only 20% of those perceiving low traffic hazards. These results emphasize the impact of traffic safety on adolescents' outdoor physical activity levels, suggesting that better traffic management and infrastructure improvements could encourage more frequent participation in outdoor activities.


TABLE 3 Relation between perceived traffic hazards vs. frequency of outdoor physical activities.
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4.5.2 Safety perceptions and activity frequency

Table 4 presents the correlation between neighborhood safety perceptions (visibility and crosswalk safety) and outdoor activity levels. Adolescents who reported poor visibility in their neighborhoods were less likely to walk, with 35% never walking, compared to only 10% never walking in areas with good visibility. Similarly, 45% of adolescents who perceived crosswalks as unsafe reported never engaging in outdoor recreational activities, while only 15% of those in neighborhoods with safe crosswalks reported the same. This table indicates that improvements in visibility and pedestrian infrastructure can significantly influence the frequency of outdoor physical activity.


TABLE 4 Correlation between neighborhood safety perceptions and outdoor activity levels.
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4.5.3 Pollution and outdoor activity

Table 5 illustrates how concerns about pollution, particularly exhaust fumes, correlate with outdoor physical activity. In neighborhoods with high pollution levels, 50% of adolescents reported never walking outdoors, while only 15% of adolescents in low-pollution areas reported similar inactivity. The pattern is similar for biking activities, where 45% of adolescents in high-pollution areas never participated in biking compared to only 20% in low-pollution areas. These findings suggest that environmental pollution is a significant deterrent from outdoor physical activity, particularly in urban areas.


TABLE 5 How concerns about pollution, particularly exhaust fumes, correlate with outdoor physical activity.
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5 Discussion

The findings of this study provide a nuanced understanding of the interplay between neighborhood safety, environmental factors, and socio-cultural influences in relation to adolescent physical activity levels in Saudi Arabia. The results highlight several critical determinants, including traffic safety, crime, pollution, proximity to recreational spaces, and socio-economic disparities, all of which shape physical activity patterns among adolescents. Notably, adolescents who perceived higher traffic-related safety concerns reported 30% lower physical activity levels compared to those who felt that their neighborhoods were safer (p < 0.01), and female adolescents were 20% more likely to report safety concerns than their male peers (p < 0.05). These results indicate that gender-specific barriers, socio-economic status, and access to safe outdoor spaces are significant factors affecting adolescent physical activity in the region.

It is relevant to point out the role of cultural norms, especially in conservative countries like Saudi Arabia, where gender-related barriers make a great impact on the level of physical activities. The expectations placed by society and the limitation of public behavior impede the chances of outdoor activities among young females. Future research in these cultural dynamics will help in the design of culturally sensitive interventions that respect societal norms while promoting physical activity, such as culturally appropriate female-only facilities or programs that promote family-based activities to create more inclusive environments.


5.1 Neighborhood safety and gender-specific barriers

Traffic safety concerns and perceptions of crime emerged as significant barriers, particularly among female adolescents. Cultural norms in Saudi Arabia further restrict girls' participation in outdoor activities, with girls expressing heightened sensitivity to neighborhood safety issues such as traffic volume and visibility. For example, 558 participants (mostly girls) strongly disagreed that walkers and bikers could be easily seen by people in their homes. As a result, girls reported engaging in 25% less physical activity compared to boys, primarily due to safety-related barriers. These findings suggest that creating female-only recreational spaces, such as gyms and parks, or offering women-only hours at public facilities, could encourage more physical activity among girls. In Saudi Arabia, cultural norms emphasize gender segregation in public spaces to ensure privacy and comfort for women. Providing dedicated spaces for females aligns with these cultural expectations and could help overcome barriers that limit girls' participation in physical activities. Additionally, the development of safe walking and biking routes to schools and parks, along with better street lighting, could help mitigate safety concerns.

The perception of neighborhood safety and subsequent levels of physical activity among adolescents are highly influenced by Saudi cultural values. Traditional gender roles usually place more restrictions on girls, making them less likely to access public spaces and thus more sensitive to safety factors such as visibility and traffic. These cultural expectations further influence parental decisions, with girls often having fewer opportunities for outdoor activities compared to boys. These culturally entrenched barriers will be addressed only with gender-specific interventions, such as provisions for female-only recreational space, and safety initiatives framed in a culturally congruent manner that encourage equitable participation in physical activities.

The recommendation to create women's-only recreational spaces is in harmony with Saudi Arabia's cultural concerns for gender separation in public. These could be included in current community facilities in such a way that accessibility and privacy are guaranteed. These programs should always promote inclusivity by offering complementary activities in mixed-gender environments—for example, family-oriented parks, or events that allow members of the community to take part—so as not to socially exclude someone. Interventions will need to be individually designed by policymakers in harmony with local stakeholders and their community leaders, and should effectively balance safety concerns with support for social integration on a broader scale.



5.2 Impact of residential environment and socio-economic disparities

Adolescents living in suburban settings with access to private yards or nearby parks were more physically active, reporting 15% higher activity levels compared to their peers in urban areas. In contrast, those residing in flats expressed greater concern over traffic safety and pollution, contributing to lower engagement in outdoor activities. For instance, 720 participants (48%) strongly disagreed that their neighborhood was free from exhaust fumes, and those from lower-income areas reported limited access to recreational facilities. These disparities emphasize the need for equitable distribution of recreational spaces and safe pedestrian infrastructure, particularly in lower-income neighborhoods. Policymakers should prioritize the development of public parks, green spaces, and sports facilities within urban areas to promote physical activity among adolescents.

Socio-economic inequalities significantly shape both physical activity levels and perceptions of safety. Adolescents in lower-income neighborhoods often face limited access to safe recreational spaces, inadequate infrastructure, and higher exposure to environmental hazards, which discourage physical activity. To address these disparities, targeted policies should focus on equitable distribution of resources, such as creating well-maintained parks, improving pedestrian infrastructure, and subsidizing community programs in underprivileged areas. Empowering local communities through participatory urban planning can also ensure that interventions effectively meet the needs of marginalized populations.



5.3 Proximity to recreational areas and community engagement

The proximity of recreational areas, such as parks and sports facilities, significantly influenced physical activity levels. Adolescents with easy access to these spaces were more likely to engage in regular outdoor activities, while those living farther away reported lower participation. This was especially true for those in urban areas, where limited access to parks was associated with reduced physical activity. Additionally, community engagement played a critical role in promoting active lifestyles. Adolescents involved in community organizations, such as sports clubs or mosques, reported engaging in physical activities more frequently. This suggests that community-driven interventions and the establishment of structured programs in community settings can help increase physical activity levels, particularly in underserved areas.



5.4 Cultural and national differences

Cultural and national backgrounds were found to influence physical activity levels, with non-Saudi adolescents reporting lower engagement in outdoor activities and higher safety concerns compared to their Saudi peers. For instance, 54% of non-Saudi participants reported never participating in indoor recreational activities, such as gym sessions or martial arts, compared to 24% of Saudi adolescents. Safety concerns were also more prevalent among non-Saudi respondents, limiting their participation in outdoor activities. Addressing these cultural differences through targeted interventions and community engagement can help reduce disparities and promote higher levels of physical activity across diverse adolescent populations.

The observed discrepancies in physical activity levels and safety perceptions between Saudi and non-Saudi residents likely stem from sociocultural differences and varying levels of integration within the local context. Non-Saudi adolescents may experience heightened safety concerns due to unfamiliarity with local norms, limited access to community networks, and differences in neighborhood infrastructure. These challenges are exacerbated by socio-economic disparities, as non-Saudi families often reside in less affluent areas with fewer recreational opportunities. Future research should delve deeper into these sociocultural dynamics and consider including targeted interventions that address integration barriers and promote inclusive community engagement. Relevant studies, such as those by Zeng et al. (32) and Constable Fernandez et al. (4), provide additional context for understanding these dynamics.

Non-Saudi participants face unique challenges due to socio-economic disparities, limited integration into local communities, and cultural differences. These factors may often exacerbate perceptions of neighborhood safety and reduce opportunities for physical activity. Targeted interventions that address these challenges should focus on promoting cultural integration, improving recreational facilities in less affluent areas, and developing community-wide programs inclusive of all adolescents, regardless of nationality, to engage in physical activity.



5.5 Environmental pollution and health risks

Pollution, particularly air pollution from traffic and industrial sources, was identified as a major deterrent from outdoor physical activity, especially in urban areas. Adolescents living in densely populated urban environments reported that exposure to pollution, such as exhaust fumes, discouraged them from engaging in activities such as walking, biking, or playing sports. This reluctance contributes to a sedentary lifestyle and increases the risk of health problems such as obesity and cardiovascular diseases. Urban planning strategies that incorporate green spaces and create pollution-free recreational areas are crucial in promoting outdoor activities and reducing health risks. For instance, creating superblocks or pedestrian-only streets in residential areas could help minimize exposure to traffic-related pollution and encourage more physical activity.

While this study identified pollution as a major environmental barrier to physical activity, other environmental factors such as the availability of green space, urban density, and climate conditions are important in determining the level of activity. This broader analysis of these elements may be included in further studies to provide a comprehensive understanding of how the physical environment shapes adolescent physical activity patterns. Such an approach would enable more focused urban planning interventions aimed at addressing environmental barriers holistically.



5.6 Implications for urban planning and policy

The built environment plays a critical role in shaping adolescent physical activity levels. Well-designed neighborhoods with safe pedestrian infrastructure, such as sidewalks, bike lanes, and crosswalks, create environments where physical activity is more accessible and appealing. In contrast, car-centric urban designs and limited access to green spaces discourage active behaviors. To promote healthier lifestyles, urban planners and policymakers should prioritize pedestrian-friendly environments, implement safe route-to-school programs, and ensure the equitable distribution of parks and recreational facilities. Additionally, incorporating public health goals into urban design, such as reducing pollution and promoting active commuting, can create environments that support physical activity and improve long-term health outcomes for adolescents.



5.7 Recommendations for future research and policy interventions

Future research should focus on longitudinal studies to explore how neighborhood safety perceptions and environmental factors influence physical activity levels over time. Integrating objective measures of physical activity, such as wearable devices, could provide more accurate data and reduce self-report bias. There is also a need for gender-inclusive interventions that address cultural constraints and promote physical activity among girls in conservative societies. Policymakers should consider implementing community-driven initiatives that leverage existing social networks to increase physical activity opportunities for adolescents. Urban planning strategies that integrate green spaces and create safer pedestrian environments can further support active lifestyles, particularly in rapidly urbanizing regions such as Saudi Arabia.

The findings of this study resonate with global research emphasizing the critical role of neighborhood safety in promoting adolescent physical activity. For instance, studies in South Africa (5) and the United States (18) have similarly identified traffic safety and environmental hazards as significant barriers. Comparing these results with Saudi Arabia highlights universal challenges, such as traffic management and the need for safe recreational spaces, while also underscoring region-specific factors like cultural norms. These parallels suggest that international collaboration on urban planning and public health strategies can provide valuable insights to address both global and local barriers to adolescent physical activity.

A longitudinal study design might have a better chance of revealing the dynamic relationship existing between perceived neighborhood safety and physical activity level. Changes over time would allow identification of the cause and long-term impact of safety interventions. This approach might also consider developmental changes in adolescents and dynamic environmental conditions and provide a broader perspective that is necessary to inform policy and urban planning based on evidence.

Urban planners and public health authorities should implement specific measures such as developing pedestrian-friendly infrastructure, increasing green space access, and introducing traffic-calming measures in high-risk areas. Additionally, community-based programs that engage residents in promoting safety and activity-friendly environments can ensure long-term sustainability. Policymakers should prioritize equitable resource allocation to underserved neighborhoods to address disparities identified in this study.

Overall, this study underscores the importance of neighborhood safety, residential environment, and socio-economic status in shaping adolescent physical activity patterns. Addressing these factors through targeted policy interventions and community engagement can help promote healthier lifestyles and reduce disparities in physical activity levels among adolescents. By improving access to safe, inclusive environments and creating opportunities for structured physical activities, urban planners and policymakers can support the long-term health and wellbeing of future generations.




6 Conclusions

The study provides a comprehensive understanding of how neighborhood safety, environmental factors, and socio-economic disparities influence adolescent physical activity levels in Saudi Arabia's rapidly urbanizing regions. The results reveal that perceptions of neighborhood safety, particularly related to traffic hazards, visibility, and crime, play a significant role in determining adolescents' engagement in outdoor activities such as walking, biking, and sports. Adolescents who perceived traffic safety as a concern engaged in 30% less physical activity compared to those in safer neighborhoods, with female adolescents being 2.3 times more likely to report such concerns, contributing to a 20% reduction in outdoor activity among girls (p < 0.05). Additionally, the residential environment significantly influenced activity levels, with adolescents in suburban settings reporting 15% higher outdoor activity participation than those living in urban flats (p < 0.05). Pollution concerns were also more prevalent in urban areas, where 720 participants (48%) strongly disagreed with the statement that their neighborhood was free from exhaust fumes, and this issue further deterred outdoor activities. Socio-economic disparities were evident, as adolescents in lower-income settings, such as flats, reported higher inactivity levels and greater safety concerns compared to those living in more affluent environments such as villas. For instance, 166 out of 558 adolescents in flats reported never participating in indoor recreational activities compared to only 52 out of 274 villa residents. Gender-specific barriers were pronounced, with girls expressing higher safety concerns, such as inadequate visibility and unsafe traffic conditions, leading to a 25% lower physical activity level compared to boys. Community engagement emerged as a positive factor, as adolescents involved in three or more community organizations engaged in physical activities more frequently, whereas 41% of those not engaged in any organizations reported rarely participating in physical activities. These findings highlight the need for targeted interventions, such as traffic-calming measures, improved street lighting, the development of well-maintained green spaces, and addressing pollution concerns to promote higher physical activity levels among adolescents, particularly girls and those in urban and lower-income settings. By improving neighborhood safety and creating safer, more inclusive environments, policymakers and urban planners can help adolescents lead more active and healthier lives, ensuring better long-term health outcomes.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Prince Sattam Bin Abdulaziz University Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

AA: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Prince Sattam Bin Abdulaziz University for funding this research work through project number (PSAU/2024/01/99520).



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Zhang J, Yuan Z, Mo C, Kang Y, Wang F, Wei X, et al. The global burden of cardiovascular diseases and type 2 diabetes attributable to low physical activity, 1990–2019: an analysis from the global burden of disease study. Front Cardiovasc Med. (2023) 10:1247705. doi: 10.3389/fcvm.2023.1247705

 2. Curran E, Palmer VJ, Ellis KA, Chong TWH, Rego T, et al. Physical activity for cognitive health: a model for intervention design for people experiencing cognitive concerns and symptoms of depression or anxiety. J Alzheimer's Dis. (2023) 94:781–99. doi: 10.3233/JAD-221216

 3. Baran J, Weres A, Wyszyńska J, Pitucha G, Czenczek-Lewandowska E, Rusek W, et al. 60 minutes per day in moderate to vigorous physical activity as a natural health protector in young population. Int J Environ Res Public Health. (2020) 17:8918. doi: 10.3390/ijerph17238918

 4. Constable Fernandez C, Patalay P, Vaughan L, Church D, Hamer M, Maddock J. Subjective and objective indicators of neighbourhood safety and physical activity among UK adolescents. Health Place. (2023) 83:103050. doi: 10.1101/2023.03.10.23286997

 5. He Z, Ghose B, Yaya S, Cheng Z, Zhou Y. Perceived neighborhood safety and exercise behavior among community dwellers in Gauteng, South Africa. Medicine. (2020) 99:e23552. doi: 10.1097/MD.0000000000023552

 6. Mandic S, García Bengoechea E, Hopkins D, Coppell K, Spence JC. Adolescents' perceptions of walking and cycling to school differ based on how far they live from school. J Transp Health. (2022) 24:101316. doi: 10.1016/j.jth.2021.101316

 7. Popa Ş, Ciongradi CI, Sârbu I, Bîcă O, Popa IP, Bulgaru-Iliescu D. Traffic accidents in children and adolescents: a complex orthopedic and medico-legal approach. Children. (2023) 10:1446. doi: 10.3390/children10091446

 8. Cohen D, Leuschner K. How Can Neighborhood Parks Be Used to Increase Physical Activity? Santa Monica, CA: RAND Corporation (2018). doi: 10.7249/RR2490

 9. Alasqah I, Mahmud I, East L, Alqarawi N, Usher K. Physical inactivity and its predictors among adolescents in Saudi Arabia. Saudi Med J. (2021) 42:886–94. doi: 10.15537/smj.2021.42.8.20210310

 10. Al-Hazzaa HM, Albawardi NM. Obesity, lifestyle behaviors, and dietary habits of saudi adolescents living in Riyadh (ATLS-2 project): revisited after a ten-year period. Life. (2021) 11:1078. doi: 10.3390/life11101078

 11. Oja L, Piksööt J. Physical activity and sports participation among adolescents: associations with sports-related knowledge and attitudes. Int J Environ Res. Public Health. (2022) 19:6235. doi: 10.3390/ijerph19106235

 12. McDermott G, Brick NE, Shannon S, Fitzpatrick B, Taggart L. Barriers and facilitators of physical activity in adolescents with intellectual disabilities: an analysis informed by the COM-B model. J Appl Res Intellect Disabil. (2022) 35:800–25. doi: 10.1111/jar.12985

 13. Peng B, Ng JYY, Ha AS. Barriers and facilitators to physical activity for young adult women: a systematic review and thematic synthesis of qualitative literature. Int J Behav Nutr Phys Act. (2023) 20:23. doi: 10.1186/s12966-023-01411-7

 14. Telford RM, Telford RD, Olive LS, Cochrane T, Davey R. Why are girls less physically active than boys? Findings from the LOOK longitudinal study. PLoS ONE. (2016) 11:e0150041. doi: 10.1371/journal.pone.0150041

 15. Stewart R, Wright B, Smith L, Roberts S, Russell N. Gendered stereotypes and norms: a systematic review of interventions designed to shift attitudes and behaviour. Heliyon. (2021) 7:e06660. doi: 10.1016/j.heliyon.2021.e06660

 16. Zhang Y, Koene M, Chen C, Wagenaar C, Reijneveld SA. Associations between the built environment and physical activity in children, adults and older people: a narrative review of reviews. Prev Med. (2024) 180:107856. doi: 10.1016/j.ypmed.2024.107856

 17. Lee S, Lee C, Xu M, Li W, Ory M. People living in disadvantaged areas faced greater challenges in staying active and using recreational facilities during the COVID-19 pandemic. Health Place. (2022) 75:102805. doi: 10.1016/j.healthplace.2022.102805

 18. Laurito A, Schwartz AE, Elbel B. Exposure to local violent crime and childhood obesity and fitness: evidence from New York City public school students. Health Place. (2022) 78:102937. doi: 10.1016/j.healthplace.2022.102937

 19. Gehris JS, Oyeyemi AL, Baishya ML, Roth SC, Stoutenberg M. The role of physical activity in the relationship between exposure to community violence and mental health: a systematic review. Prev Med Rep. (2023) 36:102509. doi: 10.1016/j.pmedr.2023.102509

 20. Zhu M, Teng R, Wang C, Wang Y, He J, Yu F. Key environmental factors affecting perceptions of security of night-time walking in neighbourhood streets: a discussion based on fear heat maps. J Transp Health. (2023) 32:101636. doi: 10.1016/j.jth.2023.101636

 21. Flynn RM, Shaman NJ, Redleaf DL. The unintended consequences of “lack of supervision” child neglect laws: how developmental science can inform policies about childhood independence and child protection. Soc Policy Rep. (2023) 36, 1–38. doi: 10.1002/sop2.27

 22. Rivera E, Veitch J, Loh VHY, Salmon J, Cerin E, Mavoa S, et al. Outdoor public recreation spaces and social connectedness among adolescents. BMC Public Health. (2022) 22:165. doi: 10.1186/s12889-022-12558-6

 23. Ries AV, Gittelsohn J, Voorhees CC, Roche KM, Clifton KJ, Astone NM. The environment and urban adolescents' use of recreational facilities for physical activity: a qualitative study. Am J Health Promot. (2008) 23, 43–50. doi: 10.4278/ajhp.07043042

 24. Visser K, Aalst I. Neighbourhood factors in children's outdoor play: a systematic literature review. Tijdschr Voor Econ En Soc Geogr. (2021) 113, 80–95. doi: 10.1111/tesg.12505

 25. Zartaloudi A, Christopoulos D, Kelesi M, Govina O, Mantzorou M, Adamakidou T, et al. Body image, social physique anxiety levels and self-esteem among adults participating in physical activity programs. Diseases. (2023) 11:66. doi: 10.3390/diseases11020066

 26. Sabiston C, Doré I, Lucibello KM, Pila E, Brunet J, Thibault V, et al. Body image self-conscious emotions get worse throughout adolescence and relate to physical activity behavior in girls and boys. Soc Sci Med. (2022) 315:115543. doi: 10.1016/j.socscimed.2022.115543

 27. Yang J, Shen Y, Quan X. Physical activity, screen time, and academic burden: a cross-sectional analysis of health among Chinese adolescents. Int J Environ Res Public Health. (2023) 20:4917. doi: 10.3390/ijerph20064917

 28. Ferreira Silva RM, Fonseca Terra L, da Silva Valadão Fernandes M, Noll PRES, de Almeida AA, Noll M. Physical activity and sedentary behavior in high school students: a quasi experimental study via smartphone during the COVID-19 pandemic. Children. (2023) 10:479. doi: 10.3390/children10030479

 29. Sobaih AEE, Abu Elnasr AE. Challenges to cracking the glass ceiling among Saudi women in the tourism industry. Tour Hosp. (2024) 5, 203–24. doi: 10.3390/tourhosp5010014

 30. Al-Juhani FH. Psychological needs and their relationship to the orientation towards pursuing sports activities among young people a study on a sample of Al-Baath university students. Mustansiriyah J Sports Sci. (2024) 24, 73–84. doi: 10.62540/mjss.Conf.4th.2023.07

 31. Tandon PS, Kroshus E, Olsen K, Garrett K, Qu P, McCleery J. Socioeconomic inequities in youth participation in physical activity and sports. Int J Environ Res Public Health. (2021) 18:6946. doi: 10.3390/ijerph18136946

 32. Zeng E, Dong Y, Yan L, Lin A. Perceived safety in the neighborhood: exploring the role of built environment, social factors, physical activity and multiple pathways of influence. Buildings. (2022) 13:2. doi: 10.3390/buildings13010002

 33. von Stülpnagel R, Riach N, Hologa R, Kees J, Gössling S. School route safety perceptions of primary school children and their parents: effects of transportation mode and infrastructure. Int J Sustain Transp. (2024) 18, 465–77. doi: 10.1080/15568318.2024.2350992

 34. Swain R, Oswin P, Truelove V, Larue GS. Children's and parents' perceptions on safe routes to schools: a mixed-methods study investigating factors influencing active school travel. J Urban Des. (2023) 29, 208–30. doi: 10.1080/13574809.2023.2223517

 35. Loon JV, Frank L. Urban form relationships with youth physical activity. J Plan Lit. (2011) 26, 280–308. doi: 10.1177/0885412211400978

 36. Arifwidodo SD, Chandrasiri O. Neighbourhood walkability and physical activity during the COVID-19 pandemic. Int J Environ Res Public Health. (2024) 21:387. doi: 10.3390/ijerph21040387

 37. Han S, Song D, Xu L, Ye Y, Yan S, Shi F, et al. Behaviour in public open spaces: a systematic review of studies with quantitative research methods. Build Environ. (2022) 223:109444. doi: 10.1016/j.buildenv.2022.109444

 38. Karchynskaya V, Kopcakova J, Madarasova Geckova A, Katrusin B, Reijneveld SA, de Winter AF. Barriers and enablers for sufficient moderate-to-vigorous physical activity: the perspective of adolescents. PLoS ONE. (2024) 19:e0296736. doi: 10.1371/journal.pone.0296736

 39. Squillacioti G, De Petris S, Bellisario V, Borgogno-Mondino EC, Bono R. Urban environment and green spaces as factors influencing sedentary behaviour in school-aged children. Urban For Urban Green. (2023) 88:128081. doi: 10.1016/j.ufug.2023.128081

 40. Valson JS, Kutty VR. Gender differences in the relationship between built environment and non-communicable diseases: a systematic review. J Public Health Res. (2018) 7:jphr-2018. doi: 10.4081/jphr.2018.1239

 41. Duffey K, Barbosa A, Whiting S, Mendes R, Yordi Aguirre I, Tcymbal A, et al. Barriers and facilitators of physical activity participation in adolescent girls: a systematic review of systematic reviews. Front Public Health. (2021) 9:743935. doi: 10.3389/fpubh.2021.743935

 42. Tang D, Cai W, Yang W, Gao Y, Li L. Gender-specific risk factors of physical activity-related injuries among middle school students in Southern China. Int J Environ Res Public Health. (2019) 16:2359. doi: 10.3390/ijerph16132359

 43. Xu Y, Wheeler SA, Zuo A. The effectiveness of interventions to increase participation and physical activities in parks: a systematic review of the literature. Int J Environ Res Public Health. (2022) 19:12590. doi: 10.3390/ijerph191912590

Copyright
 © 2025 Addas. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_1.gif
BMI = =€)
Height (m)’





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of neighborhood safety on adolescent physical activity in Saudi Arabia: gender and socio-economic perspectives



		1 Introduction



		2 Literature review



		3 Materials and methods



		3.1 Study design



		3.2 Survey instrument



		3.2.1 Demographic information



		3.2.2 Physical activity



		3.2.3 Neighborhood safety perceptions



		3.2.4 Community engagement









		3.3 Data collection



		3.4 Demographic influence on physical activity



		3.5 Data analysis



		3.5.1 Descriptive statistics



		3.5.2 Handling missing data



		3.5.3 Data transformation and normality testing



		3.5.4 Inferential statistics and hypothesis testing



		3.5.5 Confounding variables and clustering effects









		3.6 Reliability and validity



		3.6.1 Reliability analysis



		3.6.2 Validity analysis













		4 Results



		4.1 Age and gender differences in physical activity levels



		4.2 Safety perceptions and physical activity



		4.2.1 Traffic and neighborhood safety



		4.2.2 Visibility and crime concerns









		4.3 Socio-economic disparities



		4.3.1 Impact of socio-economic status









		4.4 Saudi versus non-Saudi participation



		4.5 Result correlations



		4.5.1 Traffic hazards and physical activity



		4.5.2 Safety perceptions and activity frequency



		4.5.3 Pollution and outdoor activity













		5 Discussion



		5.1 Neighborhood safety and gender-specific barriers



		5.2 Impact of residential environment and socio-economic disparities



		5.3 Proximity to recreational areas and community engagement



		5.4 Cultural and national differences



		5.5 Environmental pollution and health risks



		5.6 Implications for urban planning and policy



		5.7 Recommendations for future research and policy interventions







		6 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References

















OPS/images/inline_2.gif
2 and &°
st and 53





OPS/images/math_3.gif





OPS/images/math_2.gif





OPS/images/inline_1.gif
Yad





OPS/images/fpubh-13-1520851-t005.jpg
po o
High pollution Walking 50% 30% 15% 5%
Low pollution Walking 15% 25% 35% 25%
High pollution Biking 45% 35% 15% 5%
Low pollution Biking 20% 30% 30% 20%












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







OPS/images/fpubh-13-1520851-g005.gif





OPS/images/fpubh-13-1520851-t001.jpg
Variable Category Number of Percentage

participants (VA
(n)

Gender Male 750 50%
Female 750 50%

Age group (years) 14 300 20%
15 400 26.7%

16 450 30%

17 350 23.3%

City Riyadh 600 40%
Jeddah 450 30%

Dammam 450 30%

Residential environment | Urban 900 60%
Suburban 600 40%

Residence type Villa 900 60%
Flat 600 40%

Socio-economic status High 750 50%
Medium 500 33.3%

Low 250 16.7%






OPS/images/fpubh-13-1520851-g003.gif
m

il

| -
| -
w Lt
; I
=
i

mmmmmmamWo

g





OPS/images/fpubh-13-1520851-g004.gif





OPS/images/fpubh-13-1520851-t004.jpg
Neighborhood

safety perception

3 times/week

4+ times/week (%)

Poor visibility Walking 35% 40% 15% 10%
Good visibility Walking 10% 30% 30% 30%
Unsafe crosswalks Outdoor recreation 45% 35% 15% 5%
Safe crosswalks Outdoor recreation 15% 25% 35% 25%






OPS/images/fpubh-13-1520851-t002.jpg
a al te pose Depende depende a
ariable ariable e

Descriptive statistics Summarize sample characteristics Demographic variables - -

Independent samples ¢-test Compare physical activity levels between Physical activity level Gender 0.05
genders

One-way ANOVA Compare physical activity levels across Physical activity level Socio-economic status 005
socio-economic groups

Multiple regression analysis Assess the relationship between Physical activity level Safety perception, age, gender, 0.05
neighborhood safety and physical activity socio-economic status

Logistic regression analysis Predict the likelihood of engaging in regular Regular physical activity Safety Perception, Gender 0.05
physical activity

Hierarchical lincar modeling | Account for clustering effects by region Physical activity level Region, safety perception 0.05






OPS/images/fpubh-13-1520851-t003.jpg
Perception of

Frequency of

3 times/week

4+ times/week (%)

hazards outdoor acti

High traffic hazard Walking 40% 35% 15% 10%
Low traffic hazard Walking 15% 25% 30% 30%
High traffic hazard Biking 45% 30% 15% 10%
Low traffic hazard Biking 20% 30% 25% 25%






OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Impact of neighborhood safety
on adolescent physical activity in
Saudi Arabia: gender and
socio-economic perspectives





OPS/images/fpubh-13-1520851-g001.gif





OPS/images/fpubh-13-1520851-g002.gif
P T T ——————
Tt seed prcson
i ipesiaiod i e i 8 St et ot i





OPS/images/math_5.gif





OPS/images/math_4.gif
F = ——ween — group varlance
= “Within — group Variance





OPS/images/math_6.gif
log (,%) = fot BXi+ BXa+ ot By





