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Abstract

Rapid urbanization poses the question how city living impacts human physical activity, 

especially in the population of vulnerable youth. This study aimed to examine urban-rural 

differences in moderate-to-vigorous physical activity (MVPA) among children and adolescents in 
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Germany in a large German national study, across two independent samples (Discovery study: 

N = 2,734; Replication study: N = 1,196) of children and adolescents (6-17 years), with 

accelerometer-assessed MVPA, and across two different urbanicity assessments. In both 

studies, city youth engaged in more total MVPA than rural youth and were more likely to comply 

with the physical activity guidelines of the World Health Organization. While city living and total 

MVPA were independent of age and gender, age groups differed regarding physical activity 

guideline compliance. These results point towards a potential positive implication of urbanization 

for physical activity and suggest actions to target rural areas for physical activity promotion, if 

findings are validated towards causality in future studies.

Keywords: children, adolescents, physical activity guidelines, urbanization, cities

Germany’s Youth City vs. Rural Dwellers Engage in More Moderate to Vigorous Physical 

Activity

Both nature and nurture shape human health. Global urbanization in the 21st is the most 

large-scale reorganization of environments humanity has faced in the last centuries, with two-

thirds of the global population expected to live in cities by 20501.

However, the issue of how urban living impacts physical activity in children and 

adolescents remains under-investigated. This is especially relevant when considering that 81% 

of children and adolescents are engaging in less than 60 minutes of moderate-to-vigorous 

physical activity (MVPA) per day, thus failing to achieve health-enhancing physical activity levels 

as recommended by the World Health Organization2. As physical activity is positively related to 

behavioral, mental, and physical health3,4, while insufficient physical activity is constituting an 

enormous economic burden with an estimate of INT$48 billion annual health care costs5, 

understanding and promoting determinants of physical activity remains a major societal 

challenge. While the exact dose-response effects of MVPA increases on physical and mental 

health benefits in children and adolescents remain subject of future investigations, general 
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positive health effects are well-evidenced, e.g., on cardiovascular disease risk, cardiorespiratory 

fitness, and body composition6,7.

To tackle the problem of physical activity, the World Health Organization considers 

creating active environments as one of four key strategies in its global action plan on physical 

activity.8 This assumption is supported by ecological models of health behavior, which 

emphasize the impact of environmental features on physical activity; for example, public sports 

facilities, traffic safety, and stimulating natural environments may foster engagement in physical 

activity.9 While previous studies investigated associations between city living’s environmental 

characteristics and physical activity in adults10,11, studies in children and adolescents are 

sparse. Moreover and taking an international perspective, Rogers and colleagues just recently 

stated as an central finding of their review “that the examination of physical activity 

resources/opportunities in rural communities is lacking”12, a view that had already been 

presented in the Global Matrix 4.0 investgation on physical activity indicators of children and 

adolecents12 and had been concluded by previous reviews, see e.g., Aubert and colleagues13. 

Looking at empirical evidence in children and adolescents, previous studies found that in 

general, park and playground equipment, mixed land use, short distances to facilities, better 

walkability, and infrastructure for walking and cycling to be associated with youth’s physical 

activity14,15 – features that are commonly more prevalent in urban areas16. Indeed, a study in 

Italy found that children in Italy children living in cities attended schools showing a higher Walk 

Score® compared to children living in rural areas17, and Reimers and colleagues report as a 

result of their study conducted in Germany that “adolescent girls living in rural areas 

participation in indoor sports activities was positively associated with gym proximity”18.

In general taking a translational perspective against the background of potential future 

public health interventions, Rogers and colleagues emphasize a study revealing that “outdoor 

public open spaces and amenities for physical activity, such as trails, are lacking in rural 

communities, and those that do exist are often poorly maintained or informal”12. In particular, 
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Germany’s rural areas are experiencing demographic changes with an aging population and 

people with higher education moving to urban areas, which is associated with changes in the 

rural infrastructure, such as fewer schools, education opportunities, public transport options, and 

shopping and leisure facilities, which may have deteriorated physical activity opportunities for 

children and adolescents19.

Summarizing the evidence on the issue of how urbanization relates to MVPA in youth, to 

date a highly heterogenous picture arises: in McCormack and Meendering’s20 review, five 

studies did not find differences between urban and rural adolescents for moderate-to-vigorous 

physical activity, nine studies reported higher moderate-to-vigorous physical activity in rural 

youth, and one study in urban youth. In 2014, McCrorie et al. found adolescents living in more 

densely populated areas were slightly more likely to be physically active21, but in 2020, they 

could not find significant differences in MVPA22. Fan and Cao23 reported boys in urban areas 

were 14% more likely to meet the physical activity WHO physical activity guidelines than their 

rural peers, a finding that was not true for girls.

However, existing studies are limited in various domains such as the use of (a) self-

report instead of reliable device-based measures (b) small non-representative samples, 

including (c) restricted age ranges in youth, and, (d) inconsistent and rough definitions of urban 

and rural areas. Therefore, in this study, our main goal was to investigate how urban and rural 

living relates to MVPA in children and adolescents in a large representative sample of German 

children and adolescents aged six to 17 years. We used reliable device-based measures and 

two different systems to assess urbanicity. Following ecological models (e.g., Sallis and Owen9), 

we hypothesized an increased volume of MVPA in children living in more urban areas; second, 

we hypothesized an increased likelihood of meeting the WHO physical activity guidelines2.

Method

Procedures
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For this study, data was obtained from the Motorik-Modul (MoMo) Study24 follow-ups T3 

and T4, an in-depth study within the German Health Interview and Examination Survey for 

Children and Adolescents (KIGGS) conducted by the Robert Koch Institute25,26. In general, the 

MoMo study is dedicated to study physical activity in a nationwide, representative cohort of 

children and youth in Germany; thus, it applied broad inclusion and minimal exclusion criteria, 

for example considering ethical, practical, and test specific medical criteria. The sample size 

was determined by the sampling design. For details on the MoMo methodology, see 24,27,28.

In particular, we only used data obtained in the second follow-up (T3, named “discovery 

study” in the following) and the third follow-up (T4 prior to the Covid-19 pandemic, named 

“replication study” in the following) as accelerometer-data was only collected in those study 

waves. Of note, MoMo24 baseline data (T1) was collected between 2003 and 2006, with the first 

follow-up between 2009 and 2012 (T2), the second follow-up between 2015 and 2017 (T3), and 

the third follow-up between 2018 and 2022 (T4). In addition to the participants examined 

longitudinally, a representative of children and adolescents between four and 17 years was 

recruited based on census tract data on age, gender, migration, and social status at each 

follow-up. The study was conducted according to the Declaration of Helsinki. For MoMo, ethics 

approval was granted by the ethics committee of the Karlsruhe Institute of Technology on 

September 23rd, 2014. For measurement purposes, participants were invited to examination 

rooms within proximity to their homes, where they filled out a questionnaire and received the 

accelerometer. Participants and their parents were informed in detail about the study and data 

management. Written informed consent was provided by participants above 15 years of age or 

legal guardians (if participants were 15 years or younger). For participants under the age of 18 

years, the presence of a legal guardian was mandatory.

Participants

Study participants were selected based on a multi-stage sampling approach from the 

KiGGS study with two evaluation levels.29 First, a systematic sample of 167 primary MoMo test 

ACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



sites was selected from an inventory of German communities stratified according to the 

classification system that measures the level of urbanization and geographic distribution; that is, 

at 167 MoMo test sites data for the study had been acquired. Second, based on the official 

registers of local residents, an age-stratified sample of randomly selected children and 

adolescents was drawn; see also 24,27,28.

To be eligible for the discovery study, participants had to be part of the second follow-up 

study of MoMo (2015-2017; T3), participate in the accelerometry-measurement, and be younger 

than 18 years.

To be eligible for the replication study, participants had to be part of the third follow-up of 

MoMo (T4; 2018-2022 prior to the pandemic), participate in the accelerometry-measurement, 

and be younger than 18 years. Due to the Covid-19 pandemic, data could not be collected at all 

167 MoMo test sites but had to be interrupted after 128 sampling points were completed. All 

data used in this study (2018-2020) had been collected prior to the first Covid-19 related 

lockdown in Germany in March 202030,31.

For the here presented analyses, no participants have been included who did follow up 

throughout T1-T4. In particular, the MoMo study comprises both cross-sectional and longitudinal 

participants, and we excluded the longitudinal participants for reasons of potential confounding 

by dependent data for a subset of the sample. Of note, the longitudinal participants had not 

been considered when drawing the representative sample for the MoMo project. In other words, 

a representative sample was drawn for each study wave, while individuals who had previously 

participated were invited again on top of that. For details on the recruitment procedure of MoMo 

project see28.

Measures

Socio-demographic and health variables

For each participant, gender, age, socio-economic status, and weight status were 

assessed and included as covariates into the regression models, see below. The socio-
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economic status includes information about the parents’ education, monthly household income, 

and job qualification and level. This information is used to create a score between three and 21, 

with higher values representing a higher socio-economic status. In particular, from both parents, 

occupational status as well as education level were assessed (scores ranging from 1 to 7 

points, respectively). The higher score of the two parents was applied; for single-parent 

households, we considered the occupational status and education level of the parent residing 

with the child. The disposable household income was standardized and transformed to scores 

ranging from 1 to 7 points. Finally, the three scores were summed up32. Towards BMI 

assessment, height and weight were measured by trained research staff and the weight status 

of participants was determined based on the cut-off points of the International Obesity Task 

Force [IOTF].33,34

Physical activity.

Participants were asked to wear an accelerometer (ActiGraph GT3x+ or ActiGraph wGT3X-BT; 

physical dimensions: 4.6×3.3×1×5 centimeters; weight: 19 grams) for eight consecutive days. 

The deviced included a three-axial acceleration sensor (sensitivity: 3milli-g; range: ±6g; 

resolution: 30-100 Hertz; epoch lengths: 1-240 seconds). The devices were handed out to 

participants by qualified research assistants with important aspects being summarized on a 

leaflet to take home. For example, the devices should not be worn during bedtime, and when 

swimming or showering. Participants were instructed to place the accelerometer laterally on the 

right hip (above the right anterior superior iliac spine; closure to the top), which was supervised 

by a research assistant. To minimize the Hawthorne effect, where participants may alter their 

behavior due to being observed, we excluded the first day of accelerometer wear from the 

analysis.35 Data was sampled using a frequency of 30 Hz. The software ActiLife (version 6.13.3) 

was used to convert the downloaded data into 1-second-epochs. Data were further processed 

into 15-second-epochs using the software “MATLAB”. We chose small epoch lengths to 

consider potential sporadic activity of children and youth. Non-wear time was defined as 90 
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minutes without consecutive zero/non-zero counts based on the Choi algorithm.36 Two-minute 

intervals of non-zero counts with the up- /downstream 30-minute consecutive zero count 

windows were allowed to detect artificial movements36. To be considered a valid dataset, 

participants had to wear the device for more than eight hours on at least four weekdays and one 

weekend day. To classify physical activity intensity, we applied different established cut-off 

points depending on the age groups researched; in particular, for this study, two cut-off point 

systems were applied that are commonly used for the specific age groups of six to ten-year-

olds37 and for eleven to 17-year-olds37. A detailed description of the use of accelerometers 

including a description of data preprocessing in the MoMo study is available elsewhere24.

Urbanicity. In the discovery study, the participant’s address data was not available for data 

protection issues. Hence, we assessed the level of urbanicity based on the German national 

categorization system for political community sizes, a categorization system that is used to 

investigate influences on mobility.38 While there is no consensus on political community sizes, 

the following categorization has been commonly applied in federal reports and statistics.38 1) 

city ( ≥ 100,000 citizens); 2) medium-sized town (20,000 – 99,999); 3) small town (5,000 – 

19,999), and 4) rural (< 5,000 citizens). We decided to use this system to allow for policy-

relevant conclusions of our study and comparability with previous studie38.

In the replication study, we obtained data on the degree of urbanization (DEGURBA) from the 

German Federal Statistics Office’s community information system. The DEGURBA classification 

is a European-wide classification system that uses a combination of geographical contiguity and 

minimum population density threshold applied to 1 km2 population grid cells to determine the 

urbanization degree for local administrative units – usually communes. Based on these grid 

cells, three urbanicity levels are determined: 1) Cities, representing densely populated areas, 

with at least 50% of the population living in urban clusters; 2) Towns and suburbs, representing 

intermediate densely populated areas, with at least 50% of the population living in urban cluster 

and less than 50% living in urban centers, and 3) Rural areas, with at least 50% of the 
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population living in rural grid cells.39,40 Using ArcGIS Pro (version 2.8.0), we calculated the 

closest (sub-)community to the participant’s home address and matched the urbanicity degree 

of the corresponding community with the participant.31 The DEGURBA classification was 

selected for the replication study as it provides a standardized, European-wide framework for 

defining urbanicity based on population density and geographical contiguity. Unlike the national 

administrative boundary-based approach used in the discovery study, DEGURBA offers greater 

precision in capturing gradients of urbanicity.

**Please insert Figure 1 around here**

Statistical analysis

All analysis was conducted using R Studio (version 4.2.2)41 For descriptive statistics, we 

report means, standard deviations (SD) and absolute frequencies stratified by urban-rural 

status, including this information on predictors, outcomes and covariates (e.g., age, socio-

economic status, accelerometer wear time, and MVPA). Group differences between urban-rural 

groups were tested using one-way ANOVA for continuous variables and chi-square tests for 

categorical variables. To investigate the relationship between urbanicity and MVPA, we used 

multiple linear regression models. We entered urbanicity degree as predictor of interest for 

MVPA, with rural areas being the reference category. To assess the relationship between 

urbanicity and the WHO guidelines, we used logistic regression models.

First, we plotted the relationship between the variables included in the model and our 

outcome. As the plotting revealed a non-linear association between age and MVPA, we formed 

three age groups based on the data plotting and theoretical assumptions: 6-10 years, which is 

the typical age during which children attend primary school; 11-13 years as the early adolescent 

years, and 14-17 years as the adolescent years.

Model assumptions were visually inspected using the package “performance” for both 

linear and logistic regression42. If assumptions seemed to be violated, we used the package 

“robustbase” to obtain robust regression estimates.43 The results were compared to the non-
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robust regression estimates.42 We report the results of the non-robust model if the results 

remained substantially unchanged with the robust method.

Based on previous findings, we included age group (reference category: six to ten-year-

olds), gender (reference category: boys), socioeconomic status, and weight status (reference 

category: normal weight) as covariates in the model7,30,43,44. For details on the assessment of the 

potential confounders, see section “Socio-demographic and health variables” above. As 

associations between environmental features and physical activity may vary based on age and 

gender45, we calculated interactions between the urbanicity degree and gender and age in the 

linear regression models and stratified the analysis by gender and age group in the logistic 

regression model. To generate result tables, we used the package “sjPlot”46.

To examine the influence of missing data on our results, we imputed missing data in a 

sensitivity analysis including all participants in both the discovery and replication study who had 

agreed to wear an accelerometer. For each participant who did not fulfill the weartime conditions 

to be considered as a valid accelerometer dataset, we set accelerometer weartime and MVPA 

as missing data. For imputation, we used the Multivariate Imputation via Chained Equations 

(MICE) package47, which can handle data missing at random or missing completely at random. 

For each variable containing missing values, an imputation model was specified and the 

algorithm iteratively imputed the missing values with multiple possible values to account for the 

uncertainty of the missing value imputation and increase the plausibility for missing at random48. 

We generated 20 datasets with 20 iterations, using predictive mean matching (pmm) for 

continuous variables and polytomous regression (polyreg) imputation for categorical variables. 

The imputation model included all covariates (agegroup, gender, socio-economic status, weight 

status, and accelerometer weartime) as well as the outcome (MVPA). Fullfillment of WHO 

guidelines was calculated from the imputed MVPA results. All analyses were were repeated with 

the 20 data sets imputated and pooled results were compared to the results of the complete-

case analysis.
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Results

Descriptives

In the discovery study, a total of N = 2,190 participants had complete information 

regarding the variables that were included in our statistical models for the discovery study, while 

in the replication study, a total of N = 923 participants had complete data that were included in 

our statistical models for the replication study, with the information presented in Table 1.

For details regarding socio-demographic information stratified by urban-rural status, see 

appendix Table A.1 and Table A.2. Missing data accounted for 0–20% of all variables. A 

detailed breakdown of missing values and their imputation is provided in the supplementary 

materials.

**Please insert Table 1 about here**

Association between urbanicity and average MVPA per day

Table 2 presents the results of the multiple linear regression model of the discovery 

study (Adjusted R2 = 0.31, F(11, 2178) = 90.94, p < .001) and the replication study (Adjusted R2 

= 0.31, F(10, 912) = 41.53, p < .001). In the discovery study, children in cities engaged on 

average in 7.12 minutes more MVPA per day than children from rural areas (β = 0.30, p < .001). 

There was also a tendency that children in small towns (β = 0.09, p = .075) and medium-sized 

towns (β = 0.10, p = .068) engaged in more MVPA per day compared to children and 

adolescents from rural areas. These findings were confirmed in the replication study, with 

children and adolescents living in cities engaging on average in 5.73 minutes more MVPA per 

day than children from rural areas (β = 0.24, p = .002).

In both the discovery and the replication study, we investigated interactions with age and 

gender, however, none of them turned out to be significant (results not shown).

**Please insert Table 2 about here**

Association between urbanicity and compliance with the WHO2 physical activity 

guidelines
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Table 3 presents the results of the logistic regression model for the discovery study 

(Nagelkerke’s R2 = 0.28) and the replication study (Nagelkerke’s R2 = 0.33). In the discovery 

study, children and adolescents living in a medium-sized town (OR = 1.43, p = .024) or in a city 

(OR = 2.04, p < .001) were more likely to meet the physical activity guidelines compared to 

children and adolescents living in rural areas. In the replication study, children and adolescents 

living in cities were more likely to meet the physical activity guidelines (OR = 1.20, p = .006). A 

similar, but non-significant direction was also observed for children and adolescents in towns 

and suburbs (OR = 1.41; p = .079).

**Please insert Table 3 around here**

A stratified analysis in the discovery study showed similar results for boys and girls. 

However in the replication study, when stratified by gender, only girls in cities were more likely 

to meet the physical activity guidelines (OR = 2.09, p = .023), while for boys, a similar, but non-

significant association was observed (OR = 1.72; p = .069).

Moreover, a stratified analysis in the discovery study by age group revealed differences: 

Adolescents between 14 and 17 years living in a medium-sized town (OR = 2.10, p = .033) or 

city (OR = 3.81, p < .001) were more likely to meet the physical activity guidelines than their 

rural counterparts. For six to ten-year-old children, the association was in a similar direction, but 

non-significant (medium-sized town: OR = 1.67 p = 0.054); city: OR = 1.82, p = .065). For 11-

13-year-old adolescents, no evidence for urban-rural differences was observed. However for the 

replication study, when stratified by age group, the results revealed that city living was only 

associated with an increased likelihood of meeting the guidelines in six-to-ten-year-old children 

(OR = 2.03, p = .020), but not in adolescents aged 11-13 (p = 0.165) or 14-17 years (p = .122). 

The detailed results can be found in the appendix, Table A.3, A.4, A.5 and A.6.

Sensitivity analysis

Including all participants who agreed to wear an accelerometer in the analysis resulted in 

N = 2,734 participants in the discovery study (n = 465 participants without valid accelerometer 
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data; n = 88 with missing information on sociodemographic characteristics or weight status) and 

N = 1,192 participants in the replication study (n = 245 participants without valid accelerometer 

data; n = 28 with missing information on sociodemographic characteristics or weight status). 

That is, data of N = 2,734 participants in the discovery study was used for our sensitivity 

analyses using data imputation, for details see Table A.10. We found statistical differences 

between original sample valid data and missing data (i.e., for age; see Appendix results A.1 and 

table A.9) which may point towards a potential hidden bias; yet, there was no significant 

difference in sociodemographic characteristics between valid and missing cases, see Appendix 

table A.9. To test for potential confounding by this missing data, we recomputed the main 

models (i.e., the multiple linear regression with MVPA as outcome and the logistic regression on 

the compliance with the WHO2 physical activity guidelines for both the discovery and replication 

study, respectively) using an dataset with imputed data for the missing values. The result 

patterns remained similar when missing data were imputed (see appendix Tables A.7 and A.8).

Discussion

In two large samples of children and adolescents across Germany applying device-based 

assessment of physical activity with two different assessments of urbanicity, both our discovery 

and replication study showed that compared to rural areas, children and adolescents in cities 

spent more time in MVPA, independent of gender and age. Children and adolescents from 

urban areas were more likely to meet the WHO2 physical activity guidelines, with gender and 

age differences being observed. This provides high-quality evidence on the association of 

urbanicity and physical activity, therewith contributing to a research discussion of utmost 

importance. The greatest difference was observed between children living in cities versus those 

residing in rural areas. These findings extend previous results from a study that investigated 

urban-rural physical activity trends in Germany’s children and adolescents based on self-report, 

showing that rural areas have been experiencing a physical activity decline over the last 15 

years31.
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Our finding of heightened MVPA in urban youth may be explained by more MVPA-

opportunities in urban compared to rural areas. From an ecological perspective, our finding that 

urban youth engage in more MVPA may trace back to the fact that there may be more 

opportunities for MVPA in urban areas compared to rural areas. For example, Yousefian et. al.49 

report about a lack or poor maintenance of outdoor spaces for physical activity, e.g., trails in 

rural communities50, an observation which matches large-scale global reports of Sallis et al.16. In 

particular, Germany’s rural areas are experience changes in their infrastructure resulting, e.g., in 

fewer schools, education opportunities, public transport options, and shopping and leisure 

facilities19, for a detailed insight see, e.g.19. This may link to deteriorated physical activity 

opportunities for children and adolescents, for example, on their way to school or gyms. On a 

related note, in one study, children in rural areas were four times more likely to report they 

couldn't exercise because parks and playgrounds were too far from their homes or because 

sidewalks and bike lanes were missing, compared to children from suburban large towns.51

However, during times of crisis, such as the Covid-19 pandemic, rural living seems 

conducive for physical activity: In a study conducted during the first Covid-19 lockdown in 

Germany, children and adolescents in less densely populated areas increased their self-

reported daily life physical activity by about 45 minutes per day, while children and adolescents 

in highly densely populated areas increased their daily life physical activity by only ten minutes 

per day31. This may be explained by the fact that during the lockdown, the physical activity 

opportunities obtained through urban living were restricted (e.g., public play and sports ground 

closures) whilst rural areas may have offered more open space for playing outside with a safe 

distance to other people31.

Existing pre-Covid studies on urban-rural differences in physical activity differed in 

numerous aspects from the here presented investigation. In particular, the age-ranges of 

children and adolescents investigated were highly different (e.g.22,52,53), the measurement of 

urbanicity and rurality were diverse, ranging from urban influence codes to population density 
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measures20 the measurement of physical activity from self-reports to device-based assessment, 

and the conduct ranged across the last two decades, a time of rapid urbanization processes and 

land use changes (e.g.22,54–56).

Nonetheless, our finding in a large sample of children and adolescents across the age 

range from six to 17 years using device-based assessment of physical activity and GIS system-

based assessment of urbanicity is in line with results from studies applying self-reported57 and 

accelerometer-measured physical activity assessment58. In contrast, one study with 

accelerometer-measurement reported no differences in MVPA between urban and rural youth22, 

and Machado-Rodrigues et al.52 , as well as Moore et al.53 found less MVPA in urban girls 

compared to their rural counterparts, respectively.

Regarding the results of meeting the physical activity guidelines, the main results differ 

from studies conducted in Canada59 and China60, where no differences between urban and rural 

youth were observed. However, the study in Canada was conducted with adolescents between 

twelve and 17 years59, an age range for which we also did mostly not find support for 

differences in the likelihood of meeting the guidelines between urban and rural areas when 

stratifying the analysis by age group. A potential reason for this could be that physical activity 

opportunities in urban areas are no longer attractive to adolescents as other aspects, such as 

being active on social media, are becoming increasingly important. Hence, physical activity 

levels of urban and rural adolescents may converge, leading to overall low physical activity 

levels in Germany’s adolescents61.

In addition, results of the replication study revealed that urbanicity degree was only 

associated with an enhanced likelihood of meeting the guidelines in girls, but not in boys. While 

these gender disparities are not well understood, in our study, this might indicate that especially 

girls in Germany, who have on average lower physical activity levels than boys24, a finding in 

line with Brazilian Cohort Studies62, benefit from urban living regarding physical activity. 

However, given that this disparity was only observed in one of our two studies and given that 

ACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



both of our studies are of pure observational nature precluding any causal interpretation, this 

topic remains subject to future investigations.

For future research, there are promising paths to gain more specific insights to inform 

policy, health guidelines, and interventions on how to further improve MVPA in children and 

adolescents living in cities and especially youth living in rural environments. First, information 

about the physical activity type, e.g., whether children and adolescents achieved the MVPA-

levels by running to the school bus (active transport) versus by playing soccer with friends 

(sports and exercises)63 would help to assess the relation with physical activity to target 

interventions. Therefore, future studies can combine accelerometry with real-time assessment 

of the physical activity types, e.g., via electronic diaries prompting participants directly after their 

physical activity engagement therewith combining device-based intensity measurement with an 

ecologically valid assessment of physical activity types. Second, to design environments that 

promote physical activity in children and adolescents, it is important to understand how the 

features of the urban environment relate to their physical activity. To allow conclusions about 

relevant characteristics of physical activity and the environment, combining global positioning 

systems (GPS), global information systems (GIS), and accelerometry is a promising 

approach.64–66 This approach can contribute to inform urban and rural policy and interventions 

thereby following suggestions of the World Health Organization to create active environments8; 

e.g., it may built upon ecological models of health behavior emphasizing the impact of 

environmental features such as public sports facilities, traffic safety, and stimulating natural 

environments on physical activity11, upon empirical evidence of previous studies in children and 

adolescents showing that in general, park and playground equipment, mixed land use, short 

distances to facilities, better walkability, and infrastructure for walking and cycling shown to be 

associated with youth’s physical activity14,15, and upon specific recommendations to enhance 

“outdoor public open spaces and amenities for physical activity, such as trails”12. Third, future 

research should prioritize longitudinal designs to examine changes over time and to shed light 
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on the causality of associations between urbanicity and physical activity, e.g., applying within-

person encouragement designs using just-in-time adaptive interventions67,68. Fourth, because 

age is a continuous variable and related to physical activity engagement, this is an interesting 

account for future research. While we formed three age groups based on the data plotting and 

theoretical assumptions and received age-dependent results, future studies may model age 

using polynomial terms and spline-based methods.

Some aspects of our work require further refinement in future research. First, our cross-

sectional design does not at all allow for causal conclusions. Therefore, to enable insights 

above the sole association of urbanicity and physical activity, e.g., into the directionality of 

effects and potential third (moderation) variables, future studies can make use of longitudinal 

designs and experimental approaches (see e.g.68). Second, socioeconomic status was not 

equally distributed across participants from rural versus urban environments, which may posit a 

potential bias to the results. However, all models included socioeconomic status as a covariate, 

which yielded no significant effects on physical activity. Third, we focused our analysis on MVPA 

against the background of current public health recommendations and established evidence 

linking MVPA to health outcomes2. However, future studies should research associations of 

urban-rural differences in light physical activity to knowledge on further activity types. Fourth, we 

found statistical differences between original sample valid data and imputation data (i.e., for age 

and gender; see Appendix) which may point towards a potential hidden bias. However, the 

study findings remained robust across both original sample and imputation data. Fifth, 

accelerometry may be subject to underestimation of certain activities, such as swimming or 

cycling; it does not provide contextual information about activity type or location. Further, 

intensity thresholds may differ by algorithms, which could affect comparability. However, 

accelerometry remains the gold standard approach for physical activity estimation in 

epidemiological research63. Sixth, the methodology between our discovery and replication study 

differed. That is, in the discovery study urbanicity was parametrized based on the political 
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categorization of urbanicity, and, in the replication study, urbanicity was parameterized via the 

European-wide DEGURBA degree. The method applied in our discovery study can be 

questioned regarding its limited sensitivity. In our replication study, we applied a 

parameterization using the European-wide DEGURBA degree. Unlike the national 

administrative boundary-based approach used in the discovery study, DEGURBA offers greater 

precision in capturing gradients of urbanicityI; still, its potential to oversimplify mixed-density 

areas, such as peri-urban zones, may introduce classification biases. However, despite the use 

of different methodology and in independent data, we received the same pattern of results in 

both the discovery and replication study, which strengthens the robustness of our findings. 

Finally, the clinical and public health relevance of the reported magnitude of differences in PA 

between rural and urban youth (approximately 6–7 minutes of MVPA per day) should be 

considered in light of recent evidence for health benefits of MVPA, see e.g. 4,69,70.

Conclusion

We here provide novel and robust evidence that youth city dwellers in Germany engage 

in more MVPA than their rural counterparts. While global physical inactivity makes physical 

activity promotion necessary across all geographical areas our findings suggest that rural 

communities should be explicitly targeted to prevent adverse health events and address urban-

rural inequalities. For example, since in the school setting, similar urban-rural physical activity 

developments have been observed across the last 15 years39, this context poses a promising 

starting point to reach children and adolescents across geographical areas.

Given the outstanding value of physical activity engagement for human’s physical and 

mental health3,4, our finding of significantly heightened MVPA levels in Germany’s youth city 

dwellers comes with positive implications for ongoing urbanization yet raises critical future 

research questions to inform policy and city planning: While heightened MVPA in city dwellers 

can benefit youth health in times of urbanization, studies researching which specific features of 

ACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



the urban environment are associated with which kind of human physical activity are critical for 

targeted interventions aiming to sustainably increase physical activity.

Here, rapid digitization offers highly promising tools such as unobtrusive geolocation 

sensing via smartphone apps and advanced geoinformatics methods such as lidar data to 

extract environmental features. Combinations with further advanced ambulatory research tools 

(e.g., electronic diaries on smartphones, smartphone sensing) can open avenues to more 

comprehensive insights into health behaviors and specific health indicators of youth’s everyday 

life in both the rural and urban context.
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Tables:

Table 1

Sample information

 
Discovery study

(N = 2,190) Replication study
(N = 923)

Urbanicity discovery study

Rural 449 (20.5%)

Small town 822 (37.5%)

Medium-sized town 587 (26.8%)

City 332 (15.2%)

Urbanicity replication study

Rural areas (thinly populated areas) 324 (35.1%)
Towns and suburbs (intermediate density 
areas) 391 (42.4%)

Cities (densely populated areas) 208 (22.5%)

Gender

Boys 1031 (47.1%) 461 (49.9%)

Girls 1159 (52.9%) 462 (50.1%)

Age group
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Discovery study

(N = 2,190) Replication study
(N = 923)

6-10 years 584 (26.7%) 392 (42.5%)

11-13 years 818 (37.4%) 313 (33.9%)

14-17 years 788 (36.0%) 218 (23.6%)

Age in years Mean (SD) 12.40 (3.30) 11.20 (3.34)

Socio-economic status score Mean (SD) 14.1 (3.81) 15.5 (3.28)

Weight status

Underweight 203 (9.3%) 86 (9.3%)

Normal weight 1617 (73.8%) 706 (76.5%)

Overweight 288 (13.2%) 111 (12.0%)

Obese 82 (3.7%) 20 (2.2%)

MVPA Mean minutes/day (SD) 51.6 (23.7) 55.2 (24.0)

WHO guidelines

Not fulfilled 1502 (68.6%) 596 (64.6%)

Fulfilled 688 (31.4%) 327 (35.4%)

Table 2

Multiple linear regression results with moderate-to-vigorous physical activity (MVPA) as 

outcome.

Discovery Study (N = 2,190) Replication Study (N = 923)
Predictors B SE 95%CI β p B SE 95%CI β p

(Intercept) 74.84 1.29 72.30;77.38 0.98 <.001 72.53 1.56 69.46;75.59 0.72 <.001

Urbanicity discovery 
study
(ref. rural)

Small town 2.07 1.16 -0.21;4.35 0.09 .075

Medium-sized 
town

2.28 1.25 -0.17;4.73 0.10 .068

Cities 7.12 1.46 4.26;9.97 0.30 <.001

Urbanicity 
replication study 
(ref. rural areas)

Towns and 
suburbs

2.42 1.53 -0.58;5.43 0.10 .114
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City 5.73 1.81 2.18;9.27 0.24 .002

Age group
(ref. 6-10 years)

11-13 years -21.50 1.09 -23.64;-19.35 -0.91 <.001 -19.73 1.56 -22.79;-16.68 -0.82 <.001

14-17 years -30.34 1.16 -32.61;-28.08 -1.28 <.001 -26.59 1.77 -30.07;-23.11 -1.11 <.001

Gender (ref. boys)

Girls -11.43 0.85 -13.09;-9.77 -0.48 <.001 -10.32 1.33 -12.93;-7.72 -0.43 <.001

Socio-economic 
status

0.16 0.12 -0.06;0.39 0.03 .162 -0.07 0.21 -0.47;0.34 -0.01 .752

BMI (ref. normal)

Underweight -0.18 1.47 -3.06;2.71 -0.01 .905 -2.58 2.29 -7.08;1.93 -0.11 .262

Overweight -3.65 1.27 -6.14;-1.16 -0.15 .004 -8.68 2.07 -12.74;-4.62 -0.36 <.001

Obese -5.95 2.25 -10.35;-1.54 -0.25 .008 -11.40 4.57 -20.36;-2.44 -0.47 .013

Accelerometer 
weartime

0.04 0.01 0.03;0.06 0.15 <.001 0.02 0.01 0.01;0.03 0.08 .005

Please note: For better interpretability of the intercept, accelerometer weartime and socio-economic 
status were centered on the sample’s mean.
Table 3

Logistic regression results regarding compliance with the WHO (2020) physical activity 

guidelines.

 Discovery study (N = 2,190) Replication study (N = 923)

Predictors Odds 
Ratios 95%CI p Odds 

Ratios 95%CI p

(Intercept) 2.51 1.85;3.41 <.001 2.10 1.45;3.03 <.001

Urbanicity discovery study (ref. rural)

Small town 1.18 0.88;1.58 .275

Medium sized town 1.43 1.05;1.95 .024

City 2.04 1.44;2.90 <.001

Urbanicity replication study (ref. rural 
areas)

Towns and suburbs 1.41 0.96;2.08 .079

Cities 1.87 1.20;2.91 .006

Gender (ref. boys)

Girls 0.35 0.28;0.43 <.001 0.39 0.28;0.54 <.001
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Socio-economic status 1.01 0.98;1.04 .580 1.01 0.96;1.06 .666

BMI (ref. normal)

Underweight 1.28 0.91;1.80 .157 0.84 0.49;1.45 .534

Overweight 0.63 0.45;0.86 .005 0.29 0.15;0.55 <.001

Obese 0.52 0.28;0.92 .029 0.08 0.01;0.68 .021

Agegroup (ref. 6-10 years)

11-13 years 0.18 0.14;0.23 <.001 0.17 0.12;0.25 <.001

14-17 years 0.08 0.06;0.11 <.001 0.07 0.04;0.13 <.001

Accelerometer weartime 1.003 1.001;1.004 <.001 1.002 1.001;1.004 .011

Please note: for the replication study, the robust model results are reported

Figures:

Figure 1. Schematic overview of study design.
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Tables:

Table 1

Sample information

 
Discovery study

(N = 2,190) Replication study
(N = 923)

Urbanicity discovery study

Rural 449 (20.5%)

Small town 822 (37.5%)

Medium-sized town 587 (26.8%)

City 332 (15.2%)

Urbanicity replication study

Rural areas (thinly populated areas) 324 (35.1%)
Towns and suburbs (intermediate density 
areas) 391 (42.4%)

Cities (densely populated areas) 208 (22.5%)

Gender

Boys 1031 (47.1%) 461 (49.9%)

Girls 1159 (52.9%) 462 (50.1%)

Age group

6-10 years 584 (26.7%) 392 (42.5%)

11-13 years 818 (37.4%) 313 (33.9%)

14-17 years 788 (36.0%) 218 (23.6%)

Age in years Mean (SD) 12.40 (3.30) 11.20 (3.34)

Socio-economic status score Mean (SD) 14.1 (3.81) 15.5 (3.28)

Weight status

Underweight 203 (9.3%) 86 (9.3%)

Normal weight 1617 (73.8%) 706 (76.5%)

Overweight 288 (13.2%) 111 (12.0%)

Obese 82 (3.7%) 20 (2.2%)

MVPA Mean minutes/day (SD) 51.6 (23.7) 55.2 (24.0)

WHO guidelines

Not fulfilled 1502 (68.6%) 596 (64.6%)
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Discovery study

(N = 2,190) Replication study
(N = 923)

Fulfilled 688 (31.4%) 327 (35.4%)

Table 2

Multiple linear regression results with moderate-to-vigorous physical activity (MVPA) as 

outcome.

Discovery Study (N = 2,190) Replication Study (N = 923)
Predictors B SE 95%CI β p B SE 95%CI β p

(Intercept) 74.84 1.29 72.30;77.38 0.98 <.001 72.53 1.56 69.46;75.59 0.72 <.001

Urbanicity discovery 
study
(ref. rural)

Small town 2.07 1.16 -0.21;4.35 0.09 .075

Medium-sized 
town

2.28 1.25 -0.17;4.73 0.10 .068

Cities 7.12 1.46 4.26;9.97 0.30 <.001

Urbanicity 
replication study 
(ref. rural areas)

Towns and 
suburbs

2.42 1.53 -0.58;5.43 0.10 .114

City 5.73 1.81 2.18;9.27 0.24 .002

Age group
(ref. 6-10 years)

11-13 years -21.50 1.09 -23.64;-19.35 -0.91 <.001 -19.73 1.56 -22.79;-16.68 -0.82 <.001

14-17 years -30.34 1.16 -32.61;-28.08 -1.28 <.001 -26.59 1.77 -30.07;-23.11 -1.11 <.001

Gender (ref. boys)

Girls -11.43 0.85 -13.09;-9.77 -0.48 <.001 -10.32 1.33 -12.93;-7.72 -0.43 <.001

Socio-economic 
status

0.16 0.12 -0.06;0.39 0.03 .162 -0.07 0.21 -0.47;0.34 -0.01 .752

BMI (ref. normal)

Underweight -0.18 1.47 -3.06;2.71 -0.01 .905 -2.58 2.29 -7.08;1.93 -0.11 .262

Overweight -3.65 1.27 -6.14;-1.16 -0.15 .004 -8.68 2.07 -12.74;-4.62 -0.36 <.001

Obese -5.95 2.25 -10.35;-1.54 -0.25 .008 -11.40 4.57 -20.36;-2.44 -0.47 .013

Accelerometer 
weartime

0.04 0.01 0.03;0.06 0.15 <.001 0.02 0.01 0.01;0.03 0.08 .005
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Please note: For better interpretability of the intercept, accelerometer weartime and socio-economic 
status were centered on the sample’s mean.
Table 3

Logistic regression results regarding compliance with the WHO (2020) physical activity 

guidelines.

 Discovery study (N = 2190) Replication study (N = 923)

Predictors Odds 
Ratios 95%CI p Odds 

Ratios 95%CI p

(Intercept) 2.51 1.85;3.41 <.001 2.10 1.45;3.03 <.001

Urbanicity discovery study (ref. rural)

Small town 1.18 0.88;1.58 .275

Medium sized town 1.43 1.05;1.95 .024

City 2.04 1.44;2.90 <.001

Urbanicity replication study (ref. rural 
areas)

Towns and suburbs 1.41 0.96;2.08 .079

Cities 1.87 1.20;2.91 .006

Gender (ref. boys)

Girls 0.35 0.28;0.43 <.001 0.39 0.28;0.54 <.001

Socio-economic status 1.01 0.98;1.04 .580 1.01 0.96;1.06 .666

BMI (ref. normal)

Underweight 1.28 0.91;1.80 .157 0.84 0.49;1.45 .534

Overweight 0.63 0.45;0.86 .005 0.29 0.15;0.55 <.001

Obese 0.52 0.28;0.92 .029 0.08 0.01;0.68 .021

Agegroup (ref. 6-10 years)

11-13 years 0.18 0.14;0.23 <.001 0.17 0.12;0.25 <.001

14-17 years 0.08 0.06;0.11 <.001 0.07 0.04;0.13 <.001

Accelerometer weartime 1.003 1.001;1.004 <.001 1.002 1.001;1.004 .011

Please note: for the replication study, the robust model results are reported
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