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1. Introduction 

 

 

 

“The increasingly obesogenic environment we live in makes it harder for individuals to avoid 

unhealthy lifestyle choices. The obesogenic environment can be considered to be at the root of 

the prevention challenge in Type 2 diabetes.” 

 

Public Health England. Health matters: preventing Type 2 Diabetes (1) 

 

Sedentary lifestyles, seen in recent decades in western countries, as well as increasingly 

observed in other regions worldwide, have led to a fundamental rise in obesity and diabetes as 

well as other non-communicable disease rates, thus leading to a shift in the importance from 

infectious toward non-infectious disease, i.e., the so-called “epidemiological transition” (2). 

Understanding the promoting mechanisms, as well as the interconnection of obesity and 

diabetes, is crucial to develop methods to mitigate these severe public health issues. To enrich 

the available methodology, this thesis aims to develop a geographic tool to visualize 

distributions of obesity-related environmental factors on maps. In addition, composite risks are 

targeted, which are estimated based on these factors. It is examined and discussed whether this 

tool can be applied within diabetes surveillance. 
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1.1 Overweight and obesity 

 

According to the World Health Organization (WHO), overweight and obesity are defined based 

on a body mass index (BMI) greater than 25 and 30, respectively, with prevalence rates growing 

over recent decades (3). Thus, reducing these rates as well as treating obese patients is a major 

concern of public health activities. Typical interventions to mitigate obesity are dietary 

therapies targeting calorie restrictions or meal replacement (4). In addition, medication is used, 

for example to control the absorption of ingested fat. Severe overweight cases, for which other 

treatment options have not been successful, can undergo bariatric surgery (4). 

Obesity can be classified into the phenotypes “acquired obesity”, which occurs as a result of 

unhealthy lifestyles, as well as ”inherited obesity”, which in most cases already appears very 

early in life before puberty and can be classified into “genetic” or “non-genetic” (5). 

Understanding the promoters of these conditions is a fundamental but complex task. 

Mechanisms behind the promotion of or reduction in obesity and weight management are often 

described based on energy expenditure or energy imbalance, which means that calories ingested 

by the individual exceed the number of calories burned by exercise. A deeper understanding of 

these drivers of body fat composition is helpful for obesity management (6). 

Newer approaches to classify obesity have been proposed that take further variables and profiles 

into account, such as cardiometabolic aspects (7). Thus, these definitions can help to describe 

further subtypes of obesity for which the classical definitions fall short. In general, a focus on 

obesogenic factors is of major importance in obesity-related research. Obesity risks can be 

determined in many dimensions. For health care and epidemiology, factors that can be 

influenced through interventions and policies are important. Environmental obesity risk factors 

fall into this category, and it should be analyzed where they originate from and to what extent 

they can be adjusted to improve people’s health. A first step in this process is the discovery and 

visualization of the obesity-related factors of the so-called “built environment”. 

 

 

1.2 Obesity risks and the environment 

 

A specific epidemiological approach in obesity-related research is represented by the term 

“obesogenic environment”, which is also the central concept of this dissertation. It is used to 

connect obesity risks with a geographic scale and thus enables spatial analyses in the field of 

overweight/obesity. “Obesogenic environments” were initially described by Swinburn and 
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colleagues (8) in their 1999 publication. The main idea behind this concept is that certain 

environmental factors promote or prevent obesity. These factors are often related to the built 

environment, i.e., to conditions that were generated by humans and thus should be targeted by 

health sciences. The environmental factors considered in this dissertation showed consistent 

effects within the literature, as outlined in the first study. In most cases, they are related to either 

food or physical activity, and are either positively or negatively correlated with obesity. The 

obesity correlates can be combined and set off against each other within the developed 

methodology of this dissertation. The available data are located in a geographic space that 

allows the derivation of maps that are important for relevant stakeholders, e.g., for health policy 

makers (9). These maps are helpful to visualize distributions of factor patterns and can thus be 

used to identify potential accumulated obesity risks (10). They are useful in cases of scarce 

budgets in order to decide which regions would profit the most from structural improvements, 

i.e., to detect gaps between regions with a high percentage of obese people and government 

actions to counteract unhealthy structures (11). In addition, they can be applied on a small scale, 

such as within city districts, or on a broader scale, such as whole metropolitan areas or even 

countries (12). Additional details regarding useful methodological approaches in this field are 

covered in the second article in this dissertation, as well as within the following sections. 

Taking into account the health consequences of obesity, it is important to intervene at an early 

stage before subsequent diseases can emerge or progress. The most important disease that is 

tightly coupled with obesity caused by unhealthy lifestyles is Type 2 diabetes mellitus (T2DM). 

Thus, understanding this disease and monitoring of influential factors can help to improve 

population health. 

 

 

1.3 Diabetes and disease surveillance 

 

Diabetes is a metabolic disorder characterized by a lack of insulin secretion and/or disturbed 

insulin effect (13). The prevalence of diabetes has increased substantially worldwide over 

recent years, and its complications have evolved over a broader range, thus leading to a greater 

proportion of multimorbid cases (14). Among the diabetes risk factors, obesity is a major factor 

responsible for insulin resistance, and the vast majority of T2DM patients are obese (15). This 

underlines the importance of obesity and weight control among diabetes patients. 

Important therapies against diabetes are lifestyle programs that are supplemented with 

medications for weight management, such as glucose-lowering drugs (16). Evidence 
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concerning diabetes prevalence and incidence can be derived from studies of the DIAB-CORE 

Consortium (17) for the German context, as well as the IDF Diabetes Atlas (18), which adopts 

a global view on diabetes. As the health consequences of diabetes are severe, onset and 

progression have to be detected at an early stage and mitigated. In addition, disease monitoring 

is a common approach to counteract incident and prevalent cases for diabetes prevention. 

Monitoring risk factors on an aggregated population level is often covered by disease 

surveillance systems (19). In the 1960s, surveillance was defined at the Centers for Disease 

Control and Prevention (CDC) as an extensive collection of disease-related data that is assessed 

and reported, as well as disseminated to policy makers (20). Surveillance was initially defined 

for communicable diseases; however, since the mid-1970s, a shift in the focus from 

communicable toward non-communicable diseases (NCDs) could be observed (21), which 

made it necessary to implement surveillance methods also in NCD domains such as the field of 

diabetes. The WHO thus established a stepwise approach to surveillance (STEPS) for NCDs 

(22). 

The aim of diabetes surveillance programs is to establish a reporting approach based on a 

predefined set of indicators, and the related data can be classified into primary and secondary 

data (23). Diabetes surveillance programs play an important role in national health systems 

worldwide. In Canada, the National Diabetes Surveillance System (NDSS) was established by 

the government in 1999 and became an overall chronic disease surveillance system afterward 

(24). Data could be used for prevalence estimates, as well as for all-cause mortality of patients 

with diabetes. Other examples of successful diabetes surveillance programs include programs 

in the US as well as in Australia (25). 

In Germany, diabetes caused 268,000 years of life lost regarding mortality in 2017 and showed 

a substantial regional inequality concerning the distribution of the disease (26). A clear trend 

has been observed during recent years toward increasing prevalence rates and disability 

adjusted life years (DALYs) (27). In addition, patient groups with diabetes showed higher 

indirect costs compared with non-diabetic control groups (28). Thus, diabetes surveillance plays 

an important role in the German context to understand the composition and structure related to 

diabetes and to enable effective prevention and control mechanisms (29). The German Diabetes 

Surveillance system was established by the Robert Koch Institute (RKI) in 2015 (30). In the 

field of diabetes mellitus, the RKI follows some well-established approaches, such as 

monitoring the dynamics of diseases, determinants, and secondary diseases related to diabetes 

(31). For example, spatial monitoring of diabetes indicators such as overweight/obesity and 

physical activity was a primary topic as part of these approaches (32). In cooperation with the 
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RKI, the Diabetes Surveillance Project (grant from the Federal Ministry of Health, Germany 

(FKZ: GE20160324)) was initiated to develop and extend surveillance methods related to 

T2DM, on which this dissertation is partly based. 

Results of research activities derived from diabetes surveillance activities in Germany are also 

used within German national medical guidelines concerning T2DM (33). Findings derived from 

surveillance include descriptions of the course of the disease and prevalence/incidence rates. 

These guidelines were developed to improve daily medical practice and are often important 

sources of information for health practitioners (34). 

This work has a focus on obesity and not directly on diabetes, as obesity can be a valuable 

approximation for effects and metrics related to diabetes on account of their close connectivity. 

This can be seen from the fact that a high percentage of people with diabetes are obese and that 

diabetes has the strongest association with obesity compared with other diseases (35). Focusing 

on obesity instead of diabetes made it possible to take advantage of a vast amount of literature 

concerning obesity and the environment, on which the methodology is based. 

 

 

1.4 Health geography—origins and common methods 

 

Obesity and the environment are common dimensions in health geography (36). Useful 

geographic methods have emerged over the past centuries and can be applied in this field. 

Health geography describes and handles the effect of geography/environment/space on the 

health of individuals (37). It is a discipline in which humans and the environment act together 

and which encompasses social, political, and cultural dimensions related to health (36). 

Important milestones in health geographic history were the findings by geographer Charles 

Picquet in 1832, who designed specific map coloring for cholera in the city of Paris (38). A 

further important milestone was disease maps again related to cholera, which were developed 

by John Snow in 1854 who identified contaminated water as the root cause (39,40). These initial 

phases were directly related to diseases rather than to health-related aspects; however, there was 

a remarkable shift afterward from medical geography toward health geography, as well as 

toward a broader population-based focus (37). 

Common health-related metrics have been developed that can be interpreted in a spatial 

dimension. Disease prevalence and incidence, for example, can be calculated region 

specifically. These disease-related metrics can be depicted as, for example, choropleth maps 

(41). A further geographic construct in the field of health sciences and geography is area-level 
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deprivation, which can be described as the socioeconomic characteristics of a region and can 

be decomposed into variables such as education, income, and housing (42). The German Index 

of Multiple Deprivation was established based on the example from the UK (43), and has been 

used in epidemiologic and health care research in Germany (44). 

Geographic information systems (GIS) can be used to generate and handle spatial health-related 

data. A GIS is an information system that is predominantly used for the generation, handling, 

and analysis of geographic data, which can be shown on maps (45). There are some free 

software tools and programming languages that are commonly used for geographic analysis, 

such as QGIS, R, and Python, in contrast to some proprietary tools such as ArcGIS (46). 

 

 

1.5 Geocoding and online map services 

 

This dissertation is based on the concept of geocoding, which means matching address 

descriptions of locations with geographic coordinates (47). This is a common approach in 

health-related geography (48), which allows integration of location-related data into the 

analyses. One common approach in the area of geocoding is translating street addresses into 

spatial coordinates. A more recent example of this approach was a study examining the 

correlation of traffic and ozone, for which geocoding of homes was needed (49). 

Computerized geocoding approaches became popular in health-related disciplines in the 1980s, 

especially in cases of larger data (50,51). However, geocoding required a significant amount of 

computer resources, costs, and skilled staff and was not always available to health care 

professionals. Technical innovations helped to overcome these issues. Thus, one of the first 

online geocoding services targeting a broader audience was offered by Google (52), which also 

showed high-level structuring and data quality. Further examples of online geocoding services 

are described by Monir and colleagues (53). 

Apart from pure geocoding functionality, a common feature of online geocoding services is the 

possibility to download spatial data points, which were geocoded in the past, via a variable- and 

location-based query (54). The geocoding service thus constitutes a database containing, for 

example, spatial point of interest (POI) data, i.e., the geographic location of an object together 

with additional information related to that object (54). This approach also significantly reduces 

costs related to persistent data storage and thus avoids data generation in the field. Data used in 

this dissertation were extracted from the two online geocoding services, Google Maps and 

OpenStreetMap (OSM). Other similar popular services are Bing Maps and Here Maps (55). 
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1.6 Geographic data quality and sensitivity 

 

The increasing public availability of geographic data via online databases (56) poses a question 

regarding data quality standards and sensitivity related to these data. Central dimensions of 

spatial data quality described within the ArcGIS software are completeness, logical consistency, 

spatial accuracy, thematic accuracy, temporal quality, as well as data usability (57). Especially 

concerning user-generated content, as in the case of OSM, measures of data quality are 

important. Thus, data quality was examined in the first study. Regarding the quality dimensions, 

completeness especially played an important role in the data validation approach. In general, 

data usability and logical consistency were also important within the methodology of this 

dissertation, as well-suited spatial techniques could be implemented and the data completely 

matched with the requirements of the two studies. Temporal aspects were of minor importance 

owing to the data snapshots that were used. This facilitated the initial development of a spatial 

risk score; however, future versions can be extended in a time dimension. Finally, accuracy 

measures have been applied within the literature and were also included in consideration. 

The public availability of the data underlines that the data is not highly critical such as, for 

example, medical claims data. It is structured on a more aggregated area level, i.e., factors are 

more generally described as promoting or preventing weight gain in a geographic space. Thus, 

the freely available data can either be used efficiently in a stand-alone fashion without having 

to take care of data protection regulation, as shown in both articles in this dissertation, or even 

as a source of database enrichment (58). The latter approach needs a variable on which different 

types of data sources can be merged.  

 

 

1.7 Analyzing geographic data related to obesity and diabetes 

 

In this dissertation, POI data related to obesity were downloaded from online geocoding 

services and analyzed via GIS methods. The relevant variables and their correlation with obesity 

were based on evidence from the literature. These obesity-related data points can be depicted 

on a map using geographic coordinates in latitude–longitude pairs (59). In general, influential 

factors on obesity/diabetes have complex underlying mechanisms and thus require 

consideration as well as understanding in many dimensions (60). Therefore, it is essential to 

have a spatial database such as the online geocoding services previously described that covers 

a variety of different factors. Each health-related spatial object, e.g., a green space or a 
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restaurant, can be represented by a single spatial data point located at the given coordinates 

(61). As these obesity-related data points represent various factor types with different sizes and 

scopes, it is important to take the differences between these factors into account. One possible 

solution is a sensitivity analysis that examines weighting schemes, as was done within the risk 

score estimation framework. Despite the heterogeneous shape of the POI types, they can be 

summarized into a composite overall picture, as the main outcome of these data points is their 

effect on the increase in or mitigation of obesity risks. 

Further spatial objects that can be handled by a GIS are lines and spatial polygons, which are 

often used to represent geographic areas (62,63). Two methods of area representation are used 

in this dissertation. The first approach is based on geographic borders in shape file format (64), 

which can be downloaded from official registries, and are provided, for example, by the 

Bavarian government (65). The second type of areal representation is the so-called bounding 

box, which is a rectangular geographic shape (66) and is also used for data download from the 

online geocoding service OpenStreetMap (67). In contrast, the download area in Google Maps 

has a circular format. 

Spatial point data can be analyzed with clustering methods to describe the accumulation of these 

points within the study area of interest. Popular techniques include hierarchical clustering, as 

well as partitioning methods such as k-means clustering (68). In this dissertation, we use a 

density-based clustering method (Density-based spatial clustering of applications with noise, 

DBSCAN) for data pre-processing (69). In addition, a risk score for diabetes was developed 

based on kernel density estimation (KDE), a technique that is also able to describe accumulated 

point patterns in a pre-defined estimation window (70). 

Further common geographic metrics are local Moran’s I for spatial autocorrelation, kriging for 

interpolation, as well as so-called “gravity models” for spatial interaction (71). 

Spatial obesity and diabetes-related studies found in the literature often take risk factors as their 

inputs and predict disease prevalence as output. Among those risk factors, food environment 

and physical activity can often be found (72). In addition, common versions of diabetes risk 

scores were derived from patient-related characteristics such as age- and weight-related input 

factors (73,74). In this dissertation, we provide disease risks as outputs instead of estimated 

prevalence rates. Further details regarding this approach can be found in the following sections. 

The starting point of the main analysis was a “points in polygon” approach, i.e., the downloaded 

data points are bounded by a pre-defined study area. Owing to complex geographic boundaries, 

study areas often deviate from the download area of online geocoding services, which have a 

rather rectangular or circular format. Thus, the downloaded data points need to be checked to 
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see whether they lie within the study area. The respective study area is used to visualize the 

spatial points and serves as the estimation window for the subsequent density modeling 

approach, which is described within the following sections. 

For the implementation of the spatial methodology, the R environment for statistical computing 

(75) was used, as several useful packages exist which efficiently enable GIS analyses, including 

overlay plots, spatial interpolation techniques and, most important, point pattern analysis (76). 

A good overview on spatial methods implemented in R can also be found in Bivand et al 2013 

(77). R also enables efficient sensitivity and uncertainty analyses via some native data 

structures, as well as some syntactical constructs that handle multi-dimensional data. To 

download geographic data, we used the Google places API (78), the osmar R package (79), and 

the Overpass Turbo API (80). In addition, a repository established by the Bavarian government 

(65) served as the source for the borders of the study area. 

 

 

1.8 Aim and content of this dissertation 
 

The main purpose of this dissertation is to develop a geographic tool to assess the obesogenic 

environment that can be applied within diabetes surveillance. Two steps are important in this 

process. First, the general feasibility of using possible data sources is examined. The second 

step can be described as deriving statistical measures and risk score maps for the target areas 

using GIS approaches. Data are captured from online geocoding services Google Maps and 

OpenStreetMap. Several geographic areas on a smaller scale in Bavaria are chosen as pilot areas 

for testing, data generation, data processing, as well as data validation. This risk score can be 

applied to larger areas than the pilot areas. 

The first article, “Using data from online geocoding services for the assessment of 

environmental obesogenic factors: a feasibility study”, describes the feasibility of data 

extraction via online geocoding services, as well as data visualization and evaluation of data 

quality in the field. Literature searches are performed to derive an extensive list of factors that 

are correlated with obesity. The geocoding services performed adequately during field 

validation. OSM had a higher positive predictive value, whereas Google Maps showed higher 

sensitivity. The work presented in this article is the pre-requisite for the subsequent analysis. 

The approach in the second article, “A spatial obesity risk score for describing the obesogenic 

environment using kernel density estimation: development and parameter variation”, aims to 

summarize the different risk structures and show a compound picture on maps. Important steps 
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include data preprocessing, ex-ante visualizations on maps, testing for spatial heterogeneity, as 

well as developing the spatial obesity risk score (SORS) based on KDE. Uncertainty analysis 

is used to evaluate the score and to choose the optimal parameters. Bandwidth and size of the 

study area have the greatest impact on the result. In addition, risk score maps show parts of the 

study areas with higher or lower obesity risks. 

 

 

1.9 Stakeholder implications 

 

The geographic tool presented in this dissertation has an effect on each type of prevention, i.e., 

primary, secondary, as well as tertiary prevention. The maps show disadvantaged and privileged 

areas and may motivate policy makers to counteract obesogenic and promote protective 

environmental structures. This would defer or prevent the onset of overweight and obesity, as 

well as progression in the population of interest. Concerning the factors described previously, 

two approaches become obvious: increasing the availability or strengthening the effect of 

physical activity facilities, as well as making the supply of unhealthy food less attractive. In 

general, interventions that are targeted at the environment level were found to be cost effective, 

especially as their positive impact took effect directly at a population level (81). Several success 

stories are described within the literature in which policies had a positive effect on overweight 

and diabetes. For example, the health effects of changes in food composition being animal-

based vs vegetarian-based could be compared across several countries and showed a larger 

impact in high-income countries (82). Furthermore, interventions could be designed at a 

community level considering the regional risk level, such as the supply of healthy food (83). 

Common and effective physical activity policies included physical activity interventions (84). 

Some modeling approaches for generating evidence for the complex underlying mechanisms, 

such as mathematical models explaining the dynamics of obesity or cost-effectiveness studies, 

were helpful in the past to implement the policies described above. Thus, there was an 

increasing demand to intensify these efforts (81). This underlines the importance of 

overweight/diabetes modeling tools for policy makers. Data generation, data processing, and 

risk score estimation within the studies in this dissertation are automated, and corresponding 

code is published on GitHub (85) or attached to the published manuscript. The provided code 

templates can thus be adapted to a different region by downloading the respective data and by 

loading it into the data processing software afterward. For this purpose, the coordinates of the 

geographic area of interest need to be entered into the templates for subsequent data download 
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and data analysis. This also enables the efficient application of the developed geographic tool 

on a different scale and may even offer additional code extension possibilities for stakeholder 

groups. 

 

 

1.10 Author contribution 

 

The author of this dissertation (MP) developed the design of the two studies together with the 

team. MP generated all database queries, visualizations, processed the data, and implemented 

the statistical methodology for both studies based on code snippets that were made publicly 

available. Furthermore, the author coordinated and performed an extensive literature search for 

the first study. In the context of the field validations, the tasks were divided within the team, 

and MP evaluated the data in one of the four study areas in the field. The risk score algorithm 

of the second study was developed and optimized by MP. The author of the dissertation 

contributed to the internal methodological discussions regarding POI validation, literature 

search approach, risk score evaluation, and parameter variation. Finally, all manuscripts were 

written by MP, and all team members commented and agreed on the manuscripts. 
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2 Summary 

 

 

2.1 English summary 

 

 

Background 

 

Obesity is a severe global health-related issue. Many premature deaths are caused by the health 

condition. The term obesogenic environment describes the influence of environmental factors 

on the development of obesity. Diabetes is a severe disease and closely related to obesity. 

Online geocoding services can be used to generate data for visualizing and calculating obesity 

risks. The aim of the work is to develop an obesity risk tool based on these data which can be 

applied for diabetes surveillance. 

 

 

Methods 

 

In our first study, the feasibility of the use of online geocoding systems for diabetes surveillance 

was tested. As a first step, an extensive literature review was executed to discover 

environmental factors that are related to obesity. Subsequently, the transferability of these 

factors into pre-defined variables of online geocoding services such as OpenStreetMap (OSM) 

was tested. The corresponding spatial data points were downloaded for the pilot areas and 

visualized on maps. We determined the quality of our data sources within field validations. In 

a second study, we developed a spatial obesity risk score (SORS) based on kernel density 

estimations (KDE), which uses the same data-collecting mechanism. For this purpose, we first 

tested the spatial heterogeneity of the raw data using Ripley’s bivariate K function together with 

uncertainty. Our risk score was based on subtracting negative risks from positive risks. Thus, 

we were able to generate maps showing a composite picture of high- and low-risk areas based 

on the score values. Baseline parameters were chosen and varied in a deterministic sensitivity 

analysis afterward. We used a probabilistic approach to determine suitable parameter choices 

and to identify their sensitivity. Finally, we compared the KDE-based map with an alternative 

intensity-based map. 
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Results 

 

We identified several studies in our literature search that describe factors that were positively 

or negatively correlated with obesity. Respective data could be operationalized, downloaded 

from online geocoding services, and further processed. Additionally, the data points could be 

shown on maps. During the validations in the field, Google Maps showed higher sensitivities, 

whereas OSM had a higher positive predictive value on average across the pilot areas. In the 

second study, the spatial heterogeneity was significant and underlined the importance of the 

subsequent risk score approach. In addition, we were able to show ex-ante densities separately 

for the positive and negative environmental factors. The risk score showed some dense regions 

in our study area indicating an increased and lowered risk for the development of obesity, 

whereas the alternative intensity-based methods were rather able to identify some protective 

structures The bandwidth and the amount of edge correction were the model parameters with 

the greatest impact on the results. 

 

 

Conclusion 

 

Results showed reasonable data quality for the online geocoding services under consideration. 

The risk score made it possible to gain a composite picture of risk patterns within the study 

areas. Furthermore, the automation process made it possible to extend the analyses to other and 

even larger geographic areas, given that the respective data were downloaded and the code 

adapted to the desired location. Model parameters should be chosen carefully, especially those 

with a high impact on risk score values. The tool made it possible for policy makers to generate 

a simpler and more intuitive interpretation of the available data. Further studies should examine 

the SORS with real world data. In all, we were able to show that the tool can possibly be 

integrated into diabetes surveillance. 
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2.2 Deutsche Zusammenfassung 

 

 

Hintergrund 

 

Übergewicht ist ein schwerwiegendes weltweites Gesundheitsproblem. Viele vorzeitige 

Todesfälle gehen auf diesen Gesundheitszustand zurück. Der Ausdruck „Obesogenic 

environment“ beschreibt den Einfluss von Umweltfaktoren auf die Entwicklung von 

Übergewicht. Diabetes ist eine schwerwiegende Erkrankung und steht eng mit Übergewicht in 

Beziehung. Online-Geokodierungsdienste können verwendet werden, um Daten für die 

Visualisierung und zur Berechnung von Risiken für Übergewicht zu erzeugen. Das Ziel der 

Arbeit ist es auf Basis dieser Daten ein Risiko-Tool für Übergewicht zu entwickeln, das in der 

Diabetes Surveillance eingesetzt werden kann. 

 

 

Methoden 

 

In unserer ersten Studie wurde die Machbarkeit der Verwendung von Online-

Geokodierungsdiensten für die Diabetes-Surveillance getestet. Zunächst wurde eine 

ausführliche Literaturrecherche ausgeführt, um Faktoren zu ermitteln, die mit Übergewicht 

assoziiert sind. Im Anschluss wurde getestet, inwieweit sich diese Faktoren auf vordefinierte 

Variablen der Online-Geokodierungsdienste wie beispielsweise OpenStreetMap (OSM) 

abbilden lassen. Die entsprechenden raumbezogenen Datenpunkte wurden für das Pilotgebiet 

heruntergeladen und auf Karten visualisiert. Mittels Validierungen vor Ort wurde die 

Datenqualität bestimmt. In einer zweiten Studie wurde ein auf Übergewicht abzielender, 

räumlicher Risikoscore (Spatial Obesity Risk Score, SORS) entwickelt, der auf 

Kerndichteschätzungen und auf der gleichen Methode der Datengenerierung basiert. Zu diesem 

Zweck testeten wir zunächst auf räumliche Heterogenität der Rohdaten mittels Ripleys 

bivariater K-Funktion, die um Unsicherheit erweitert wurde. Unser Risiko-Score wurde durch 

die Subtraktion des positiven Risikos vom negativen Risiko ermittelt. Folglich war es uns 

möglich ein zusammengesetztes Bild durch Karten mit hohen und niedrigen Risikos mithilfe 

der Scores aufzuzeigen. Basisparameter wurden gewählt und in deterministischen 

Sensitivitätsanalysen verändert. Wir nutzten einen probabilistischen Ansatz, um geeignete 
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Parameter zu bestimmen und deren Sensitivität zu identifizieren. Schließlich verglichen wir die 

Visualisierung des Risiko-Scores mit einer alternativen Methode auf Basis von Intensitäten. 

 

 

Ergebnisse 

 

Im Rahmen unserer Literaturrecherche wurden mehrere Studien identifiziert, in denen die 

behandelten Faktoren positiv oder negativ mit Übergewicht korreliert waren. Die 

entsprechenden Daten konnten operationalisiert, von Online-Gekodierungsdiensten 

heruntergeladen und weiterverarbeitet werden. Zusätzlich konnten die Datenpunkte auf Karten 

dargestellt werden. Im Rahmen der Validierungen vor Ort zeigte Google Maps höhere 

Sensitivitäten, wohingegen OSM durchschnittlich einen höheren positiven prädiktiven Wert 

über die Studiengebiete hinweg hatte. In der zweiten Studie war die räumliche Heterogenität 

signifikant und unterstrich die Bedeutung des nachfolgenden Risiko-Score-Ansatzes. Darüber 

hinaus konnten wir ex-ante Dichten separat für positive und negative Umweltfaktoren 

aufzeigen. Der Risiko-Score zeigte dichte Regionen, die auf erhöhtes und niedrigeres Risiko 

für Übergewicht hinwiesen, während die alternative intensitätsbasierte Methode eher die 

protektiven Strukturen nachweisen konnte. Die Bandweite und die Randkorrektur waren die 

beiden Parameter mit dem höchsten Einfluss auf die Ergebnisse. 

 

 

Schlussfolgerung 

 

Die Ergebnisse zeigten eine angemessene Datenqualität der betrachteten Online-

Geokodierungsdienste. Der Risiko-Score ermöglichte ein zusammengesetztes Bild von 

Risikopatterns in den Studiengebieten. Außerdem war es möglich mittels Automatisierung die 

Analyse auf andere und sogar größere Gebiete auszuweiten. Dafür war es nötig entsprechende 

Daten herunterzuladen und den Code auf die Ziellokation anzupassen. Modellparameter sollten 

mit Bedacht gewählt werden, besonders die Parameter mit großem Einfluss auf die Risiko-

Scores. Das Tool ermöglichte für politische Entscheidungsträger eine einfachere und intuitivere 

Interpretation der vorliegenden Daten. Weitere Studien sollten den SORS mit Real-World-

Daten untersuchen. Insgesamt konnte gezeigt werden, dass das Tool im Rahmen der Diabetes 

Surveillance eingesetzt werden kann.
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3 Articles 
 

 

3.1 Article 1: 

Using data from online geocoding services for the assessment of environmental 

obesogenic factors: a feasibility study 

 

Published in: 

Int J Health Geogr (2019) 18:13, https://doi.org/10.1186/s12942-019-0177-9 

 

Maximilian Präger, Christoph Kurz, Julian Böhm, Michael Laxy, Werner Maier. 
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Abstract 
Background: The increasing prevalence of obesity is a major public health problem in many countries. Built environ- 
ment factors are known to be associated with obesity, which is an important risk factor for type 2 diabetes. Online 
geocoding services could be used to identify regions with a high concentration of obesogenic factors. The aim of our 
study was to examine the feasibility of integrating information from online geocoding services for the assessment of 
obesogenic environments. 

Methods: We identifed environmental factors associated with obesity from the literature and translated these fac- 
tors into variables from the online geocoding services Google Maps and OpenStreetMap (OSM). We tested whether 
spatial data points can be downloaded from these services and processed and visualized on maps. True- and false- 
positive values, false-negative values, sensitivities and positive predictive values of the processed data were deter- 
mined using search engines and in-feld inspections within four pilot areas in Bavaria, Germany. 

Results: Several environmental factors could be identifed from the literature that were either positively or negatively 
correlated with weight outcomes in previous studies. The diversity of query variables was higher in OSM compared 
with Google Maps. In each pilot area, query results from Google showed a higher absolute number of true-positive 
hits and of false-positive hits, but a lower number of false-negative hits during the validation process. The positive 
predictive value of database hits was higher in OSM and ranged between 81 and 100% compared with a range of  
6 3–89% for Google Maps. In contrast, sensitivities were higher in Google Maps (between 59 and 98%) than in OSM 
(between 20 and 64%). 

Conclusions: It was possible to operationalize obesogenic factors identifed from the literature with data and vari- 
ables available from geocoding services. The validity of Google Maps and OSM was reasonable. The assessment of 
environmental obesogenic factors via geocoding services could potentially be applied in diabetes surveillance. 
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Background databases, e.g. for food-related data [19]. Tese freely 
Obesity, commonly defned as a body mass index (BMI) available data can be further applied to assess the envi- 
of ≥30 kg/m2 in adults [1], is the result of a complex mul- ronmental risk of the development of obesity by describ- 
tifactorial relationship (e.g. genetic, socioeconomic, and ing high- and low-risk geographical areas originating 
cultural factors) [2]. Te prevalence of obesity is afected from the accumulation of obesogenic and protective 
by lifestyle habits, consumption patterns as well as the environmental factors [20]. Further applications of such 
urban development [2]. Since the 1980s, the prevalence data could refer to environmental pollution or geographi- 
of obesity has risen considerably and doubled in many cal access to primary health care [21, 22]. 
countries [3]. Furthermore, a high BMI seems to be asso- Te aim of our study was to examine the feasibility of 
ciated with a signifcant proportion of mortality and dis- integrating information from online geocoding services 
ability cases [4, 5]. Obesity is therefore recognized as a into the assessment of environmental obesogenic fac- 
serious worldwide epidemic. tors which could potentially be used for diabetes surveil- 

A number of severe health conditions are correlated lance. Diabetes risk has often been estimated e.g. using 
with being very overweight, e.g. cardiovascular disease data from national surveys, but also from administrative 
and hypertension, but in particular type 2 diabetes mel- data [23]. Tus secondary data from online geocoding 
litus (T2DM) [6], which is the second leading cause of services could be a potential complementary data source 
BMI-related deaths in 2015 [4]. Furthermore, obesity and for diabetes surveillance. Considering this, two steps 
overweight are the single most relevant predictors for were required: First, we checked whether obesogenic and 
T2DM [7]. Because some studies revealed the simultane- protective factors can be derived from the literature and 
ous spread of obesity and diabetes, the term ‘diabesity’ translated into variables from online geocoding services. 
has been used in the literature in order to illustrate the Second, we compared Google Maps and OSM regarding 
close connectedness [8]. their validity and reliability of queried data. 

Te built environment, comprising buildings, spaces 
and products generated or infuenced by humans, has Methods 
a strong infuence on promoting or preventing diseases Design of the validation process 
[ 9, 10]. Te built environment can act on three diferent To prepare subsequent validations, we initially identifed 
scales: the macro level describes the sprawl or the com- environmental factors correlated with obesity from the 
pactness of a region on a higher aggregated level, e.g. at literature. Based on these results and on expert discus- 
the nationwide level, whereas the meso level is concerned sions, we have chosen variables from Google Maps and 
with the community or neighbourhood environment, in OSM and downloaded these for four regions in Bavaria, 
which the access to certain facilities is of major interest. Germany. Subsequently, these downloaded data points 
Te micro level constitutes a person-related perspec- were validated in the feld and by using search engines. 
tive, for example regarding qualities of urban design, and An overview of the methods applied during the two 
is often connected with the concept of walkability [11]. phases of preparation and validation is shown in Fig. 1, 
Factors of the built environment may contribute to obe- and further details are provided below. 
sity, for example via the availability of unhealthy food or 
the absence of green spaces [12], and consequently create Literature search and extraction of variables 
obesogenic environments. Following Swinburn and col- We applied a search strategy within PubMed using the 
leagues [13], obesogenic environments can be described search terms ‘obesogenic’, ‘environmental factors’, ‘sys- 
as ‘the sum of infuences that the surroundings, opportu- tematic’ and ‘review’. After screening the results, two 
nities, or conditions of life have on promoting obesity in reviews were determined to be relevant for our analy- 
individuals or populations’. sis. Te frst review by Mackenbach and colleagues [24] 

In order to evaluate features of the built environment, provided a systematic search strategy and identifed 
tools based on the use of geographic information sys- correlates of environmental factors with obesity. Te 
tems (GIS) have been developed using remote sensing second publication was a review of GIS methods by Jia 
techniques applicable as desk-based approaches [14]. In and colleagues [25], in which correlations of variables 
the past, researchers have shown great interest in com- with weight status and obesity were described. Follow- 
mercial data within GIS-based analyses [15, 16]. Recently, ing Mackenbach et al. [24], we created a table in order 
freely available data from online geocoding services to summarize the factors from our literature search. In 
such as Google Maps and OpenStreetMap (OSM) have a frst step, we extracted environmental factors from the 
become increasingly popular [17, 18]. Tese services are studies covered by the two reviews. In a second step, we 
often accessed via embedded application programming grouped the publications describing these environmental 
interfaces (APIs) to search data within the geographical factors and extracted and summarized information from 
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Fig. 1 Flow chart of the validation process 

these publications in order to determine their correlation for the same factor was 2 or higher. Dividing by 0 in 
with obesity. this sense can be interpreted as causing infnity. Studies 

Subsequently, we extended the systematic search strat- showing no signifcant correlation were not taken into 
egy provided by Mackenbach et al. in order to identify account. Analogously, if the number of negative cor- 
recent additional studies within PubMed, EMBASE, Web relations divided by the number of positive correlations 
of Science, Cochrane Library, PsychInfo and Google equals 2 or more, we assumed the factor to be overall 
Scholar. We completed the variable table with the addi- negatively correlated. Otherwise, we supposed that no 
tionally identifed publications, and information from association existed. For example, if a factor was described 
these studies was used to update the correlations of the with a positive correlation in fve publications and with a 
environmental factors. negative correlation in 12 publications, an overall nega- 

tive correlation was assumed as 12/5≥2. Tis calculation 
procedure was performed for each extracted environ- Defnition of correlation 

For each given environmental factor, we summed up the mental factor. 
numbers of studies describing a positive and signifcant 
correlation with obesity. Analogously, we counted the Determining the variables from the geocoding services 
numbers of studies describing negative and signifcant We checked environmental factors identifed within the 
correlations with obesity for the same given factor. Sub- literature search regarding mapping possibilities with var- 
sequently, we defned this factor as overall positively cor- iables from Google Maps and OSM. Google Maps data, 
related if at least three publications could be found and among other sources, are derived from ofcial registries, 
if the ratio of the number of positive correlations for the e.g. from the Agency for Digitisation, High-Speed Inter- 
factor divided by the number of negative correlations net and Surveying in Bavaria [26, 27]. OpenStreetMap, 
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in contrast, is based on volunteered geographical infor- Database extraction and processing of data 
mation (VGI), i.e. it is based on user-generated content Google Maps data were downloaded using queries in uni- 
28]. We have chosen both geocoding services because form resource locator (URL) format targeting the Google [ 

their data were freely available at low cost. Furthermore, Places API. Furthermore, OSM queries were performed 
their accuracy has been investigated for Germany in the using a web interface and an OSM-based R package. Te 
past. Apparently, Google Maps showed higher complete- geographical database returns data in JavaScript Object 
ness and higher precision of coordinates than OSM [17]. Notation (JSON), GeoJSON or osmar (‘OpenStreetMap 
Besides environmental obesogenic factors, additional and R’) format, which are standard representations for 
variables concerning the regional healthcare structure geographical data. Based on the structure of these data 
were taken into account. Four researchers in our team formats, information for each of the single POIs can be 
independently rated the relevance of the variables from accessed efciently via a hierarchical structure and sub- 
the geocoding services with respect to the results of the sequently processed. For the Google Maps results, each 
literature search. After discussion, the variables best entry had to be queried again in order to get additional 
operationalizing the identifed factors from the literature relevant information, e.g. on names, addresses and cat- 
were determined and downloaded from Google Maps egorizations. Using the downloaded OSM data, addi- 
and OSM. We focused our analysis on single points of tional information could be extracted directly from the 
interest (POIs). Terefore, complex variable constructs, previously described data formats without any additional 
such as ‘neighbourhood walkability’ and ‘land use mix’, query. An overview of the data formats and query pos- 
were not considered, as these compound measures are sibilities is shown in Fig. 2. Te return of the spatial data- 
based e.g. on residential density or numbers of developed bases was checked regarding consistency and plausibility. 
hectares which cannot be directly derived from online Important examinations were identifying POIs that were 
geocoding services. For an overview on the compos- counted twice or more because of being listed within 
ites of these variables see Feng et al. [29]. Furthermore, diferent categories and checking whether the return of 
six broader categories, ‘food’, ‘doctor’, ‘sport’, ‘education’, the database lies completely within the pre-specifed 
‘transport’ and ‘other’, were determined via expert discus- search area. Additionally, spatial POIs were visualized 
sions within our team, and each operationalized variable, on maps in order to check coherence. Te geographical 
for which POIs were returned by at least one geocoding data points were marked according to their factor cate- 
service, was assigned to one of those categories. Based on gory, and the search area was also plotted. An example of 
this approach, it was possible to visualize the distribution visualization of some factors for Area D can be found in 
of environmental factors on a higher aggregated level and Fig. 3 for OSM. Te underlying code and the other codes 
improve interpretability of the feld validation results. regarding Area D are available on github [https://githu 

b.com/MAPraeger/GOcode. Accessed 23 April 2019]. 
Choosing locations for the validation process 

We have chosen four pilot areas in the German federal Search area and download capacity 
state of Bavaria for the validation process. Our aim was Te shape of the downloaded regions was predefned 
to investigate the data quality of the geocoding services by the geocoding services. OSM areas were rectangular, 
within regions of diferent population density and urban- whereas Google Maps areas were circular. In order to 
ization level. Size and population count of each area make the shapes of OSM and Google Maps queries more 
were derived from the German Federal Statistical Ofce comparable, we defned OSM search regions as quad- 
and the statistical ofces of the German Länder (federal ratic. Further diferences between the geocoding ser- 
states) [30]. Te frst region was a sparsely populated vices afected the maximum downloadable data size. At 
municipality in the south-west of Bavaria with fewer the time of data download in 2017, Google Maps allowed 
than 2000 inhabitants encompassing an area of about up to 200 results per query and 1000 queries per day 
3 6.31 km2. Tis area constituted a rural region contain- per person at zero costs [31], whereas OSM had fewer 
ing few amenities (Area A). Te second area was a street restrictions [32]. Depending on the API and the down- 
in a medium-sized major district town near Munich, the load tools used, areas of arbitrary size, whole so-called 
capital of Bavaria, with fewer than 45,000 inhabitants and ‘planet fles’ [33] or nearly arbitrary data sizes caused by 
a size of around 34.96 km2 (Area B). Finally, the densely memory overload within the statistical software, could be 
populated city of Munich (about 1.5 million inhabitants, downloaded. Terefore, areas for the validation process 
total area 310.71 km2) was selected for the validation. were determined such that none of the above-mentioned 
From the whole city of Munich, both a denser area close restrictions took efect. Owing to the lower number of 
to the city centre and an area with a relatively lower den- spatial POIs within the rural region (Area A), a wider area 
sity of amenities was chosen (Areas C and D). containing the whole municipality was chosen compared 

https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
https://github.com/MAPraeger/GOcode
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Fig. 2 Overview on the data and query structure. JSON JavaScript Object Notation, API application programming interface, POI point of interest 

with the more urban areas (Areas B–D), for which the recorded their comments. If these notes indicated 
diameters of the circles and the edges of the squares were restrictions, e.g. regarding access to certain facili- 
set to 200 metres. ties during in-feld validations, several online search 

engines were used to resolve these uncertainties. Fur- 
ther examples were incorrect categorization or implau- Validation process 

Four researchers in our team locally scanned the pre- sible numbers of false positives at a certain place. To 
defned validation areas looking for the existence of overcome these issues, we visited the home pages of the 
the downloaded POIs of Google Maps and OSM. We afected amenities and considered business directories 
designed a template to standardize the recording process (yellow pages). 
and used maps containing the data points to improve ef- Common summary statistics for the validation of 
ciency. Te number of returned POIs of a database was geographical data points were calculated. For the qual- 
called ‘hits’. Each researcher documented the validation ity assessment of the performance of a geocoding ser- 
date, confrmation (true positive hit) or rejection (false vice for a given area, sensitivities, i.e. true positives 
positive hit) of existence of the POIs and new record of divided by the sum of true positives and false negatives, 
false negatives, i.e. data points discovered in the feld that and positive predictive values (PPVs), i.e. true positives 
were not covered by Google Maps or OSM or both. After divided by the sum of true positives and false positives, 
completion, the templates were digitalized. were calculated [34, 35]. 

If uncertainties regarding the existence of a POI were 
present during validation in the feld, the researchers 
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Fig. 3 Example of visualization of OpenStreetMap data points (Area D) 

Software correlations were found for the variables ‘(healthy) food 
We used the free software environment R, version 3.3.2, outlets’, ‘restaurants’, ‘supermarkets’, ‘tree cover’, ‘ftness 
to implement code targeting the Google Places API via or physical activity facilities’, ‘forests’, ‘greenspace’, ‘longer 
embedded URL query and for processing of the query way to school’, ‘open space’, ‘outdoor recreation’, ‘park’, 
results [36]. In order to download data from OSM, we ‘recreation centre’, ‘walkability’, ‘aesthetics’, ‘intersection 
applied an online tool for data fltering (Overpass Turbo) density’, ‘land use mix’, ‘population density’, ‘safety’, ‘side- 
and the R package ‘osmar’ [37, 38]. For data process- walk completeness’, ‘street connectivity’, ‘education’ and 
ing, we used the packages ‘geojsonR’, ‘jsonlite’ and ‘rgdal’ ‘physician supply’. 
and, for data visualization, the R packages ‘ggmap’ and 
‘ ggplot2’ [39–43]. Chosen variables from Google Maps and OSM 

Tables 1 and 2 show the factors from Google Maps 
(N=25 in total) and OSM (N=126 in total) chosen 
for the validation process. Owing to the extent of the 
OSM variable pool, the relevant factors in the category 

Results 
Literature search 

An extensive list of environmental factors and the corre- 
sponding references (N=256) can be found within Addi- 
tional fle 1: Table S1. Te table contains the numbers of 
studies describing positive correlations, negative corre- 
lations and studies without signifcant associations for a 
given environmental factor. According to the defnition of 
correlation within the methods section, overall positive 
correlations with weight status were discovered for the 
variables ‘fast food’, ‘food retail’, ‘unhealthy food outlets’, 

Table 1 Selected variables from the Google Maps pool 

Bakery Bar Bus station 

Doctor 

Cafe 

Convenience store 

Grocery or supermarket 

Meal takeaway 

Restaurant 

Dentist 

Gym 

Food 

Hospital 

Pharmacy 

Spa 

Meal delivery 

Physiotherapist 

Stadium 

Park 

School 

Taxi stand ‘ convenience store’, ‘rural areas’, ‘urban sprawl’, ‘county Subway station 

University 

Train station Transit station 

sprawl’, ‘trafc’, ‘transport’ and ‘poverty’. Overall negative 
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Table 2 Selected OpenStreetMap (OSM) variables in the category ‘amenity’ 

Bar Bbq Biergarten 

Pub 

Cafe Fast food 

Food court 

School 

Ice cream 

Bicycle parking 

Clinic 

Restaurant 

Boat sharing 

Doctors 

College 

Bicycle rental 

Dentist 

Bus station 

Hospital Taxi 

Nursing home 

Beach resort 

Golf course 

Playground 

Track 

Pharmacy 

Dance 

Dive centre 

Fishing 

Dojo Ranger station 

Garden Fitness centre 

Park Ice rink Nature reserve 

Stadium 

Pitch 

Sports centre 

Water park 

Swimming area Swimming pool 

Fig. 4 Distribution of hits across variable categories using Google Maps. Area A: sparsely populated municipality in the south-west of Bavaria. 
Area B: street in a medium-sized populated major district town near Munich. Area C: area close to the centre within the densely populated city of 
Munich. Area D: area with a lower density of amenities within the densely populated city of Munich 
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‘ amenity’ are shown within Table 2 (N=42). Te full list category. Regarding OSM, the category ‘food’ was the 
of OSM variables is shown in Additional fle 2: Table S2. most frequent category within Areas C and D of the city 

of Munich. 
Distribution of database results across categories 

Bar charts are shown for Google Maps (Fig. 4) and Validations 
OSM (Fig. 5) in order to visualize the distribution of the Tables 3 and 4 show the numbers of true positives and 
database hits, i.e. the distribution of the sum of true- false positives, PPVs, numbers of false negatives and 
positive and false-positive entries of the geocoding ser- sensitivity values for each validation area. As shown in 
vices, across the six categories of ‘doctor’, ‘education’, the table, absolute numbers of true hits were higher for 
‘ food’, ‘sport’, ‘transport’ and ‘other’ for the validation Google Maps than the corresponding numbers for OSM, 
areas. Within the medium-sized populated Area B and irrespective of the validation area under consideration. 
the densely populated Area C, predominantly entries Furthermore, false positives were also higher for Google 
in the categories ‘doctor’ and ‘food’ account for most Maps compared with OSM. Te PPVs of OSM hits, rang- 
of the database hits in Google Maps. For the remaining ing between 81 and 100%, were higher than the PPVs of 
areas, using Google Maps, ‘food’ was the most relevant Google Maps hits, which were found to be between 65 

Fig. 5 Distribution of hits across variable categories using OpenStreetMap. Area A: sparsely populated municipality in the south-west of Bavaria. 
Area B: street in a medium-sized populated major district town near Munich. Area C: area close to the centre within the densely populated city of 
Munich. Area D: area with a lower density of amenities within the densely populated city of Munich 
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Table 3 Results of the feld validation 

Area Geocoding service True positives: N (% 
positive)a 

False positives: N (% 
positive) 

False negatives: N Sensitivityb: % 

A 

A 

B 

Google Maps 

OpenStreetMap 

Google Maps 

OpenStreetMap 

Google Maps 

OpenStreetMap 

Google Maps 

OpenStreetMap 

19 (63.33) 

15 (88.24) 

58 (89.23) 

12 (100) 

11 (36.67) 

2 (11.76) 

7 (10.77) 

0 (0) 

13 

17 

1 

59.38 

46.88 

98.31 

20.34 

69.57 

19.81 

66.67 

63.64 

B 47 

63 

166 

11 

12 

C 

C 

D 

D 

144 (71.64) 

41 (87.23) 

22 (64.71) 

21 (80.77) 

57 (28.36) 

6 (12.77) 

12 (35.29) 

5 (19.23) 

Area A: sparsely populated municipality in the south-west of Bavaria 

Area B: area in a medium-sized populated major district town near Munich 

Area C: area close to the centre within the densely populated city of Munich 

Area D: area with a lower density of amenities within the densely populated city of Munich 
a 

The percentage of true positives is the positive predictive value (PPV) [PPV= true positives/(true positives+ false positives)] 

Sensitivity= true positives/(true positives+ false negatives) 
b 

Table 4 Results of the feld validation without the category ‘doctor’ 

Area Geocoding service True positives: N (% 
positive)a 

False positives: N (% 
positive) 

False negatives: N Sensitivityb: % 

A 

A 

B 

Google Maps 

OpenStreetMap 

Google Maps 

OpenStreetMap 

Google Maps 

OpenStreetMap 

Google Maps 

OpenStreetMap 

18 (62.07) 

15 (88.24) 

29 (90.63) 

10 (100) 

11 (37.93) 

2 (11.76) 

3 (9.38) 

13 

16 

1 

58.06 

48.39 

96.67 

33.33 

61.54 

46.15 

76.00 

84.00 

B 0 (0) 20 

30 

42 

6 

C 

C 

D 

D 

48 (69.57) 

36 (85.71) 

19 (67.86) 

21 (80.77) 

21 (30.43) 

6 (14.29) 

9 (32.14) 

5 (19.23) 4 

Area A: sparsely populated municipality in the south-west of Bavaria 

Area B: area in a medium-sized populated major district town near Munich 

Area C: area close to the centre within the densely populated city of Munich 

Area D: area with a lower density of amenities within the densely populated city of Munich 
a 

The percentage of true positives is the positive predictive value (PPV) [PPV= true positives/(true positives+ false positives)] 

Sensitivity= true positives/(true positives+ false negatives) 
b 

and 89%. In contrast, sensitivities were higher in Google category. Te results of this recalculation process can be 
Maps (between 59 and 98%) than in OSM (between 20 found within Table 4. Having omitted the category ‘doc- 
and 64%). False negatives were higher for OSM within tor’, sensitivities of OSM improved for Area B and Area 
three of the four validation areas. An overall comparison C. Within Area D, sensitivities of OSM were higher than 
between the four areas showed that Area C within the sensitivities of Google Maps. 
city of Munich had the highest numbers of false negatives 
for both geocoding services. For OSM, high numbers of Discussion 
false negatives were also discovered for Area B, i.e. for the Te aim of our study was to examine the feasibility of 
major district town. Predominantly during the validation integrating information from online geocoding services 
within Area C, it became evident that the data quality for the assessment of environmental obesogenic factors 
regarding the variable category ‘doctor’ had a fundamen- that could potentially be used for diabetes surveillance. 
tal infuence on the validation results. Terefore, we First, we identifed variables correlated with obesogenic 
recalculated Table 3 without the POIs belonging to this environments from the literature. Subsequently, we 
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tested whether these variables could be reproduced using structures, such as the six categories ‘doctor’, ‘food’, ‘sport’, 
data from the online geocoding services Google Maps ‘transport’, ‘education’ and ‘other’. 
and OpenStreetMap (OSM). Te results showed that this In our study, we calculated the sensitivities and PPVs 
was possible given some restrictions, predominantly the of Google Maps and OSM hits. Tey can be compared 
diversity of the variable pools of the geocoding services with the PPVs of other POI databases that we found 
and the complexity of the environmental factor to be pro- in the existing literature. For example, Clary and col- 
jected. Maps created from the obesogenic and from pro- leagues [34] validated a Canadian food outlet database 
tective data showed the geographical distribution of the in the feld. Comparing their database results with the 
environmental factors and were used within subsequent actual occurrences in the feld, the authors found sensi- 
feld validations. On the one hand, Google Maps showed tivities between 54.5 and 65.5% as well as PPVs between 
greater completeness, i.e. lower proportion of false nega- 64.4 and 77.3%. Within our study, the PPV for OSM was 
tives, regarding POIs subsequently discovered in the feld markedly higher (between 81 and 100%), whereas Google 
and the additional information assigned to them. Fur- Maps had a more similar PPV compared with the Cana- 
thermore, the sensitivity of Google Maps was higher than dian database (between 63 and 89%). Regarding sensitiv- 
the sensitivity of OSM. On the other hand, a higher PPV ity, OSM showed lower values within three of the four 
was seen for OSM in each of the validation areas. validation areas (between 20 and 64%), whereas Google 

Recently, the validity of the geocoding service Google Maps sensitivities were at least comparable (between 59 
Maps was tested using geoprocessing information [18]. and 98%) with the food outlet database. 
Instead of using single geographical data points from the To evaluate features of the obesogenic environment, 
spatial databases of Google Maps and OSM, the authors Bethlehem and colleagues [14] performed a virtual audit 
compared virtual audit via Google Street View. Addition- based on Google Earth (GE) and Google Street View 
ally, local feld inspections were performed as the gold (GSV). Tey assessed the aspects walking, cycling, public 
standard. It was shown that the validity and reliability transport, aesthetics, land use mix, grocery stores, food 
of using Google Maps for the assessment of the built outlets and recreational facilities using observers. Vir- 
environment was high (Kappa of 78% and 80% respec- tual audit was found to be a valid and reliable approach. 
tively). Considering the German context, feld inspec- Within our study, we used Google Maps and OSM APIs 
tions concerning the obesogenic environment have for the programmed download of POIs, which does not 
been performed in the past in order to record POIs [44]. need individual assessment for data collection. 
Terefore, it was an important step within our study to 
inspect the database results of Google Maps and OSM variable entries appear more frequently, but old entries 
locally. were deleted with time lag within the Google Maps data- 

Within our analyses, it also became evident that new 

PPVs of Google Maps and OSM found during our vali- base. Te more specifc variables in the OSM pool made 
dation process were compared with each other. It became it possible to identify some POIs that could not be pre- 
evident that the PPV of OSM was higher than the PPV cisely queried by Google. For example, OSM made it pos- 
for Google Maps in each region, because Google Maps sible to extract ‘fast food’ instead of the broader category 
showed considerably more false positives. Considering ‘food’. Tis feature nevertheless required taking into 
sensitivity, OSM showed lower values than Google Maps. account all relevant specifc factors describing a variable 
Most infuential variables regarding these comparisons at a higher level in order to exhaust the OSM database 
were found within the category ‘doctor’. Te data qual- completely. 
ity regarding physicians was better for Google Maps 
compared to OSM. Terefore, within areas with a higher Strengths and limitations 
share of doctors (Area B and Area C) the diferences in Our study is based on an extensive literature search 
sensitivities between Google Maps and OSM were large. extracting factors of obesogenic environments. We used 
Deleting the category ‘doctor’ from the analysis thus freely available data from global geocoding services 
moderated this diference. False positives of Google Google Maps and OSM and applied various methods 
Maps within the densely populated Area C were also for downloading and processing geographical data using 
mainly caused by the category ‘doctor’. Te same category new query codes in the R programming environment. 
also contributed to the number of false negatives in OSM Finally, we validated our results with in-feld inspections. 
within this area and the sensitivity of OSM improved To evaluate both physical activity and food-related envi- 
considerably after omitting POIs belonging to this cat- ronmental factors, composite approaches are required, 
egory (see Table 4). To highlight the diferent infuences which have been performed rather infrequently in the 
of certain variable groups, it was an important step in past [12]. Within our approach, we combined the food 
our validation process to look for suitable stratifcation environment and the physical activity environment into 
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a single layer containing POIs of the obesogenic factors access to certain facilities appeared during validations in 
and POIs of the protective factors. the feld, mostly concerning database hits of the category 

Some limitations of our study have to be mentioned. ‘doctor’. Results of the validation process without this cat- 
First, it is focused on evidence from the literature based egory are shown in Table 4. Within the analysis including 
on an energy imbalance model [45]. However, accord- the category ‘doctor’, this generated some uncertainties; 
ing to the recent literature, other etiological causes for therefore, we used the best available evidence, i.e. the 
the development of obesity have to be considered to fully home pages of these amenities and business directories 
understand the underlying mechanisms, e.g. the carbo- (yellow pages). However, these uncertainties occurred 
hydrate-insulin model of obesity (beyond ‘calories in, only in a small number of cases and were discussed in 
calories out’) [46] or dietary behaviour (‘ultra-processed detail during processing of the validation results. 
food vs unprocessed food’) [47]. Second, the literature Te aim of our study was to examine the feasibility of 
search had a broad scope by updating and complement- using data from online geocoding services for diabetes 
ing a systematic review; however, a large number of the surveillance. We were able to integrate information from 
identifed studies originated from the US. Structural dif- these services by downloading, processing and visual- 
ferences regarding the built environment in US and Euro- izing their data on maps. Te reliability of these vari- 
pean cities may infuence direct transferability to the ables was assessed within feld validations and by search 
European context. For example, cities in the US are much engines. Future examinations could test further types of 
more car dependent than European cities, which results variables from other research areas. 
in expected diferent health efects of environmental fac- 
tors associated with physical activity [48]. Furthermore, Conclusions 
instead of unhealthy corner stores in the US, in European Based on an extensive literature search, environmen- 
countries, healthy stores selling fresh fruit and vegetables tal factors could be identifed that are associated with 
exist more often and are more evenly distributed across obesity. Tese factors could be partly operationalized 
the cities [49]. A third drawback regarding our literature through the variables and data available from the online 
search could be publication bias, which would infuence geocoding services Google Maps and OSM. Using APIs, 
the assessment of the overall correlation of an environ- spatial data points could be identifed and subsequently 
mental factor [50, 51]. Fourth, a signifcant proportion visualized on maps. Our fndings showed that the validity 
of the environmental factors was not correlated with of data from online geocoding services was reasonable. 
obesity in the same direction across studies. Given this Consequently, environmental obesogenic factors could 
restriction, we have summarized the correlations found be described with our methodology and potentially used 
in the literature based on expert decision. Fifth, the preci- within diabetes surveillance. Further validation studies 
sion and feasibility of variable extraction fundamentally are needed to investigate the importance of environmen- 
depend on the variable pool structure of the geocoding tal obesogenic factors. 
service. Diferences in the defnition of a variable across 
geocoding services hamper direct comparisons of vari- 
ables. Within our study, we found that the variable pool Additional fles 
of OSM contains many more variables than Google Maps 
for a large number of environmental factors. Finding Additional fle 1: Table S1. Factors determined by literature search. 

Additional fle 2: Table S2. Complete list of chosen OSM variables. broader categories for environmental factors within our 
analysis made it easier to compare variables across geoc- 
oding services. Sixth, our study was limited to a German 
environment; therefore, generalization of our fndings 
needs further assessment in other countries. Seventh, we 
have downloaded spatial POIs at a certain point in time; 
thus, we cannot make inferences on time efects. How- 
ever, this cross-section ofers an important starting point 
for future analyses. Eighth, each geographical area was 
validated by a diferent researcher; therefore, interob- 
server variability could have appeared during validation. 
In order to counteract this kind of bias, prior instruc- 
tions were defned as precisely as possible, and discus- 
sions between the observers took place both before and 
after the validations. Finally, some restrictions regarding 
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Additional file 2: Complete list of chosen OSM variables 

 

Table S2: Complete list of chosen OSM variables (Key = Value) 

 

"amenity"="bar" 

"amenity"="bbq" 

"amenity"="biergarten" 

"amenity"="cafe" 

"amenity"="fast_food" 

"amenity"="food_court" 

"amenity"="ice_cream" 

"amenity"="pub" 

"amenity"="restaurant" 

"amenity"="college" 

"amenity"="school" 

"amenity"="bicycle_parking" 

"amenity"="bicycle_rental" 

"amenity"="boat_sharing" 

"amenity"="bus_station" 

"amenity"="motorcycle_parking" 

"amenity"="parking" 

"amenity"="taxi" 

"amenity"="clinic" 

"amenity"="dentist" 

"amenity"="doctors" 

"amenity"="hospital" 

"amenity"="nursing_home" 

"amenity"="pharmacy" 

"amenity"="dive_centre" 

"amenity"="dojo" 

"amenity"="hunting_stand" 

"amenity"="kneipp_water_cure" 

"amenity"="marketplace" 

"amenity"="ranger_station" 

"amenity"="vending_machine" 

"leisure"="beach_resort" 

"leisure"="dance" 

"leisure"="dog_park" 

"leisure"="fishing" 

"leisure"="fitness_centre" 

"leisure"="garden" 

"leisure"="golf_course" 

"leisure"="ice_rink" 

"leisure"="nature_reserve" 

"leisure"="park" 

"leisure"="pitch" 

"leisure"="playground" 

"leisure"="sports_centre" 

"leisure"="stadium" 

"leisure"="swimming_area" 

"leisure"="swimming_pool" 

"leisure"="track" 

"leisure"="water_park" 

"sport" 

"landuse"="allotments" 

"landuse"="farmland" 

"landuse"="farmyard" 

"landuse"="forest" 

"landuse"="grass" 

"landuse"="greenfield" 

"landuse"="greenhouse_horticult

ure" 

"landuse"="meadow" 

"landuse"="orchard" 

"landuse"="plant_nursery" 

"landuse"="recreation_ground" 

"landuse"="village_green" 

"landuse"="vineyard" 

"natural"="wood" 

"natural"="tree_row" 

"natural"="tree" 

"natural"="scrub" 

"natural"="grassland" 

"natural"="fell" 

"natural"="water" 

"office"="therapist" 

"shop"="bakery" 

"shop"="beverages" 

"shop"="butcher" 

"shop"="cheese" 

"shop"="chocolate" 

"shop"="coffee" 
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"shop"="confectionery" 

"shop"="convenience" 

"shop"="deli" 

"shop"="dairy" 

"shop"="farm" 

"shop"="greengrocer" 

"shop"="ice_cream" 

"shop"="pasta" 

"shop"="pastry" 

"shop"="seafood" 

"shop"="spices" 

"shop"="tea" 

"shop"="wine" 

"shop"="supermarket" 

"shop"="medical_supply" 

"shop"="nutrition_supplements" 

"shop"="garden_centre" 

"shop"="garden_furniture" 

"shop"="bicycle" 

"shop"="fishing" 

"shop"="free_flying" 

"shop"="hunting" 

"shop"="outdoor" 

"shop"="scuba_diving" 

"shop"="sports" 

"shop"="swimming_pool" 

"vending"="bicycle_tube" 

"vending"="bread" 

"vending"="chemist" 

"vending"="chewing_gums" 

"vending"="coffee" 

"vending"="drinks" 

"vending"="first_aid" 

"vending"="fishing_tackle" 

"vending"="food" 

"vending"="ice_cream" 

"vending"="milk" 

"vending"="sweets" 

"craft"="bakery" 

"craft"="caterer" 

"tourism"="aquarium" 

"tourism"="camp_site" 

"tourism"="picnic_site" 

"tourism"="theme_park" 

"highway"="bus_stop" 

"highway"="rest_area" 

"railway"="station" 

"aeroway"="heliport" 

"aeroway"="aerodrome" 

 

Note: Key mention without corresponding value means that all values listed within this category were 

chosen 
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A spatial obesity risk score for describing 
the obesogenic environment using kernel 
density estimation: development and parameter 
variation 
Maximilian Präger1,2*, Christoph Kurz3, Rolf Holle2, Werner Maier2 and Michael Laxy1,4 

Abstract 
Background Overweight and obesity are severe public health problems worldwide. Obesity can lead to chronic dis- 
eases such as type 2 diabetes mellitus. Environmental factors may afect lifestyle aspects and are therefore expected 
to infuence people’s weight status. To assess environmental risks, several methods have been tested using geo- 
graphic information systems. Freely available data from online geocoding services such as OpenStreetMap (OSM) can 
be used to determine the spatial distribution of these obesogenic factors. The aim of our study was to develop and 
test a spatial obesity risk score (SORS) based on data from OSM and using kernel density estimation (KDE). 

Methods Obesity-related factors were downloaded from OSM for two municipalities in Bavaria, Germany. We visual- 
ized obesogenic and protective risk factors on maps and tested the spatial heterogeneity via Ripley’s K function. Sub- 
sequently, we developed the SORS based on positive and negative KDE surfaces. Risk score values were estimated at 
5 0 random spatial data points. We examined the bandwidth, edge correction, weighting, interpolation method, and 
numbers of grid points. To account for uncertainty, a spatial bootstrap (1000 samples) was integrated, which was used 
to evaluate the parameter selection via the ANOVA F statistic. 

Results We found signifcantly clustered patterns of the obesogenic and protective environmental factors according 
to Ripley’s K function. Separate density maps enabled ex ante visualization of the positive and negative density layers. 
Furthermore, visual inspection of the fnal risk score values made it possible to identify overall high- and low-risk areas 
within our two study areas. Parameter choice for the bandwidth and the edge correction had the highest impact on 
the SORS results. 

Discussion The SORS made it possible to visualize risk patterns across our study areas. Our score and parameter 
testing approach has been proven to be geographically scalable and can be applied to other geographic areas and in 
other contexts. Parameter choice played a major role in the score results and therefore needs careful consideration in 
future applications. 
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Background on the local density of positive and/or negative obesity- 
Overweight and obesity are severe problems worldwide, related environmental factors. In our study, we developed 
causing a number of diseases such as type 2 diabetes, and a methodological framework for risk score estimation 
thus reducing expected life years and quality of life [1, 2]. using KDE and tested the infuence of fve KDE param- 
In Germany, for example, the prevalence of being over- eters on the SORS values: (1) bandwidth, (2) edge correc- 
weight or obese among adults was 54.0% according to tion via the size of the download area, (3) number of grid 
the GEDA (GEDA, German Health Update) study from points, (4) risk interpolation method, and (5) weighting 
the Robert Koch Institute (a national public health insti- scheme of the environmental factors. 
tute in Germany) in 2014/2015, with men being afected 
more often than women [3]. Other personal aspects Methods 
afecting obesity besides gender were low education and Overview of the study approach 
higher age according to Mader et al. [4]. In addition, sev- We describe the general strategy of obesity risk score 
eral German cohort studies have shown that the aver- estimation, which consists of several steps, by applying it 
age weight in middle-aged populations increased slightly to two regions in Bavaria, Germany. First, we chose our 
during recent years [5]. study area and downloaded POIs related to obesogenic 

Obesity has become a major public health concern, and environmental factors (cf. [18]). Second, the data were 
recent studies describe regional heterogeneity [6, 7]. In processed to adjust for some imprecisions and minimize 
obesity-related research, the term “obesogenic environ- redundancy, e.g., we adapted the coordinate units to rep- 
ment” describes environmental infuences such as green resent the same length. Tird, we analyzed the spatial 
space or fast food restaurants on the development of heterogeneity of the study area and inspected the study 
obesity [8, 9], which has been investigated intensively in area visually to get frst insights regarding the distribu- 
the past [10]. Several approaches have been developed in tion of POIs. Fourth, we presented the basic risk score 
order to analyze the efect of the environment on the risk estimation approach, as well as a deterministic sensitivity 
of obesity. Examples include obesogeneity assessment via analysis, in which a spatial POI resampling approach was 
questionnaires [11] and via data visualization tools for integrated. Tis approach made it fnally possible in a last 
obesity policy [12]. step to evaluate the deterministic parameter selection 

Some geographic modeling approaches were used to via the ANOVA F statistic. An overview of the risk score 
characterize the accumulation of environmental factors. estimation process is shown in Fig. 1. Further details 
Common techniques include kernel density estimation regarding each step are given below. 
(KDE), a density method that allows for the estimation 
of a continuous risk surface [13, 14], as well as hot spot Area selection and data download 
mapping [15] and further geographic information sys- We based our analysis on the overall obesogenic and 
tem (GIS) methods [16]. Tese methods can be used to protective environmental factors identifed in our previ- 
develop obesity risk scores [17]. ous study [18]. Te list of chosen variables for the score 

Online geocoding services ofer low-cost geographic was derived via an extensive literature review, i.e., pre- 
data for researchers that can be downloaded and used vious work by Mackenbach et al. [10], Jia et al. [21], and 
for spatial statistical analyses. Teir validity has been enriched with our own further searches. 
investigated in the past with reasonable results regard- We chose two areas in the south of Bavaria, Germany, 
ing completeness of environmental factors and positional to illustrate our approach and develop the SORS. Our 
accuracy of their coordinates [18, 19]. Terefore, they aim was to base the geographical analysis on diferent 
ofer a rich database on which geographic tools can be levels of urbanity. Te frst area was the city of Augs- 
built. However, geocoding services such as Google Maps burg with about 300,000 inhabitants covering an area of 
ofer data only in a limited way. In contrast, geodata from 147 km 2 . A more rural region, the town of Meitingen with 
OpenStreetMap (OSM) contain geographic information 11,000 inhabitants and a size of 30 km 2 lying 20 km north 
provided by volunteers and thus are less restricted [20]. of Augsburg, was chosen as the second area. Information 
In a recent study, we performed an extensive literature on these regions was available from the German Federal 
search to identify obesity-related environmental factors Statistical Ofce [22]. We selected the region around the 
[ 18]. Furthermore, we operationalized and downloaded city of Augsburg, as it is well known within obesity- and 
corresponding points of interest (POIs). diabetes-related research [23]. 

Te aim of our study extends this approach by devel- Spatial POIs related to the selected variables, such as 
oping and testing the spatial obesity risk score (SORS) fast food restaurants and parks (compare Additional 
based on data from OSM. Te SORS calculates the obe- fle 1), were downloaded from OSM using the online data 
sity risk for each geographic point in a given region based fltering tool Overpass turbo [24]. Data regarding the area 
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Fig. 1 Modelling process for obesity risk score estimation. ANOVA=analysis of variances, KDE=kernel density estimation 

borders of Augsburg and Meitingen were downloaded in hours and street addresses. Te relevant information, 
shape fle format from a geographic online portal pro- i.e., name, coordinates, and type of environmental fac- 
vided by the Bavarian government [25]. We directly tor, was extracted for each spatial POI and processed into 
downloaded maps intended for graphical visualization lists and data frames. Table A1 of Additional fle 1 gives 
of results from the OSM web page [26]. Additional fle 2 an overview of the downloaded and processed variables 
contains further information regarding data download. from OSM. 

As a further pre-processing step, we introduced a syn- 
thetic origin to the south-west of both study areas and Data processing 

Te downloaded GeoJSON fles contained information adapted the length of a longitudinal coordinate unit 
on each POI regarding name, type of obesity-related envi- to the length of a latitudinal coordinate unit. Te sche- 
ronmental factor, spatial coordinates in latitude and lon- matic structure after the introduction of the origin and 
gitude format, and other characteristics such as opening the coordinate adaptation is shown in Table 1. Te single 

Table 1 Schematic example of six processed POIs 

Categorization Coordinatesa 

Longitude Type of environmental factor Category of the POIb Subcategory of the POIc Latitude 

Obesogenic 

Obesogenic 

Obesogenic 

Protective 

Unhealthy_food 

Unhealthy_food 

Unhealthy_food 

Physical_activity 

Physical_activity 

Physical_activity 

Pastry 0.2595 

0.2488 

0.2303 

0.2789 

0.2404 

0.3009 

0.3189 

0.3161 

0.2657 

0.2966 

0.2867 

0.2084 

Pastry 

Sweets 

Canoe 

Protective Climbing 

Climbing Protective 

POI Point of interest 
a Coordinates after equidistant transformation and relative to the synthetic origin 
b Categories were derived from the literature [10, 18] 
c The subcategories were derived from OpenStreetMap map features [27] 



 Article 2  

80 
 

  
  

Präger et al. BMC Medical Research Methodology (2023) 23:65 Page 4 of 14 

bus stops were reduced from POIs to centroids of dense score. Te aim of KDE is to provide a smooth and con- 
regions of bus stops. Further details regarding these addi- tinuous estimation of the accumulation of spatial data 
tional pre-processing steps can be found within Addi- points based on a sliding window technique. Te geo- 
tional fle 2. graphic plane is represented by two dimensions and the 

estimated densities account for a third dimension, which 
thus leads to a three-dimensional mountainous structure, Spatial inhomogeneity and ex ante KDE visualization 

Ripley’s K function was calculated for the unweighted a so-called “risk surface”. To visualize this structure on a 
obesogenic and protective POIs separately to describe map, the level of the density coordinate can be plotted 
the spatial inhomogeneity of the two study areas. Te K by contour lines or via coloring [35]. An overview of this 
function is a second-order moment function that is based method is provided by Hastie et al., for example, as well 
on the variance of the radial interpoint distance r around as by King et al. [36, 37]. 
each POI [28]. It compares the cumulative number of To estimate risk score values, several steps have been 
actual POIs with the number of expected POIs under performed. First, the positive spatial data points were 
random distribution assumption [29]. Tis random com- included into a single positive spatial data layer. Anal- 
parison process is realized via the Poisson process, which ogously, the negative spatial data points were inte- 
has a K value of r2π [30]. K functions lying above the K grated into a data layer. Second, an observation window 
values of a random process therefore represent clus- together with a grid of suitable size was set up and laid 
tered patterns, whereas smaller values indicate regular on the respective study area. For each of the follow- 
processes [31]. We examined the spatial inhomogeneity ing calculations, the same grid was used. Tird, KDEs 
to investigate ex ante whether clusters are expected to were performed to generate a risk surface based only on 
occur in our subsequent POI analysis. Te isotropic edge positive environmental factors and a second risk sur- 
correction, which is a method based on weighting of the face based only on negative environmental factors. Fol- 
POIs according to the probability of their next neighbors lowing this process, a density value based on positive 
being within the study area, was applied to the K function factors and a value based on negative factors were gener- 
[ 32]. In order to test whether the K functions of the POIs ated at each grid point. Fourth, these positive and nega- 
were signifcantly diferent from the K function of a ran- tive estimates were set against each other by taking the 
dom point pattern, we estimated bootstrap confdence diference, which results in the fnal score values at the 
bands around the K functions of the POIs based on the grid points [34]. Finally, to determine the risk value at 
method of Loh with 1000 simulations [33]. the exact desired spatial location, interpolation methods 

In order to visualize the spatial distribution of the POIs, were applied. 
we created KDEs separately for positive and negative spa- 
tial data points [34]. Tese density layers were superim- 
posed and shown together on a single map. Within this Deterministic analysis 
process, we defned certain parameter choices as the base Te procedure described above implies several param- 
case, which were then changed as part of the sensitivity eter choices within its diferent steps. We tested alterna- 
analysis in a later step. tive values for fve of these parameters: bandwidth, edge 

correction, number of grid points, interpolation method, 
and an alternative weighting scheme (see overview in Risk score estimation 

We estimated the SORS based on the integration of obe- Table 2). For each given parameter variation, the remain- 
sogenic and protective kernel densities into a combined ing KDE parameters were set to their base case values 

Table 2 Overview on the sensitivity parameters 

Parameter Base case Deterministic sensitivity analysis 

1 

2 

) Bandwidth Method of Terrell [38] 1/3, 2/3, 4/3, 5/3 of the base case bandwidth 

) Size of download area (edge correction) 1.4 * side length of the exact box x * side length of the exact box, 
with x ϵ {1.8, 2.2, 2.6, 3.0} 

3 ) Number of grid points 

) Interpolation method 
35×35 grid points 70×70 grid points, 105×105 grid points 

4 Automatic interpolation with the R func- Inverse distance weighting 
tion“interp.surface” density of the nearest grid cell 

ordinary Kriging 

5 ) Weighting scheme of the environmental factors Equal weighting with unity Double weighting of supermarkets and gyms 
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(see also Table 2). Further explanations regarding the case grid of 35 35. For each of the following 40% steps × parameters are provided below. of edge correction, again 10 additional grid points were 
added to each grid point dimension. Within the remain- 
ing grid point sensitivity analyses, increased numbers of Bandwidth selection 

Te bandwidth is an important parameter in KDE that 70×70 and 105×105 grid points were tested. 
determines the degree of smoothing. An increased band- 
width results in a higher smoothing level. For the base Interpolation method 
case, the oversmoothing bandwidth proposed by Ter- Te automatic interpolation function “interp.surface” of 
rell et al. [38] was chosen, which can be described as the the R package “felds” [40] was applied within the base 
maximum smoothing degree that can be suitably applied case. As an alternative interpolation approach, we used 
to a given data set. Within the deterministic scenarios, inverse distance weighting using the four grid points 
alternative higher and lower values in steps of 1/3 of surrounding a targeted evaluation point. Furthermore, 
the base case bandwidth were tested. We used a pooled extraction of the score value of the grid point with the 
bandwidth as described by Davies and colleagues [39]. minimum distance to the targeted evaluation point was 

implemented as the third interpolation method [41]. As 
a fourth scenario, we chose ordinary Kriging which has Size of the download area (edge correction) 

Restricting the observational window for KDE to the area proven its reliability for interpolating surfaces [42]. 
boundaries would lead to an underestimation of the true 
densities at the borders. Tese efects are especially high Weighting scheme of the environmental factors 
if the observation window has a complex structure. To Several approaches exist for the design of proper weight- 
correct for edge efects, we defned a rectangular obser- ing schemes. One approach, for example, would be to 
vation window around the area borders, which simul- weight factors according to the strength of evidence for 
taneously served as the POI download area and as the a positive or negative correlation. Regarding our analy- 
KDE area. As a frst step, a window was determined from sis, we chose an equal weighting scheme as a base case 
the maximum latitude, maximum longitude, minimum scenario. To test an alternative weighting scenario, we 
latitude, and minimum longitude of the city boundaries. followed the approach of Jones-Smith et al. [34]. Tese 
Tis minimum bounding rectangle around the study area authors gave a higher weighting to factors that gener- 
will be called the “exact box”. For the base case, each side ally reach more people because of their longer opening 
length of the rectangle was increased by 40%, and the hours or size. For the deterministic sensitivity analysis, 
resulting rectangle was held in a concentric orientation we therefore tested a double weighting of supermarkets 
to the smaller rectangle from the step before. Te whole and gyms. 
observation window was used for the creation of the risk 
surface. However, risk score values were only evaluated at Resampling approach to account for uncertainty 
locations that lay within the boundaries of the respective in the distribution of the POIs 
study area. To determine the efects of the window size, Uncertainty concerning POIs was integrated into density 
we gradually increased the download area in steps of 40% score estimations via a spatial bootstrapping method. We 
of the exact box. generated 1000 bootstrap samples for the positive and 

000 bootstrap samples for the negative environmen- 
tal POIs at random with replacement. For each of the 
1 

Number of grid points 
A further central parameter of KDE is the number of grid samples, the parameter variation described above was 
points. Tese points were distributed equally on the esti- executed. Tis made it possible to integrate probabilistic 
mation rectangle. Terefore, KDEs were generated for variation of POIs into SORS value estimation for each 
grid points lying both inside and outside the study area, deterministic scenario. Tese uncertainty estimates were 
and both types of grid points were used to estimate the used for the calculation of the ANOVA F statistic, which 
risk score inside the borders of the study areas. A higher we applied to compare the deterministic sensitivity sce- 
number of grid points means that the amount of inter- narios for a given parameter. We describe further details 
polation is reduced, as more spatial points exist at which regarding the sampling process in Additional fle 2. 
an exact estimation is known. To preserve the location 
of and distance between the inner grid points within the Evaluation of the risk score estimates 

edge correction scenarios, we increased the number of A random sample (N =50) of spatial data points (eval- 
grid points in 40% steps according to the increase in the uation points, EPs) was drawn from each of the two 
side length of the download area. Setting the number of areas for which we calculated and compared risk score 
grid points to 25×25 for the exact box, this led to a base results across the scenarios defned above. Our aim 
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was to develop a robust and stable score that accounts were used in the pre-visualization step. To compare this 
for uncertainty and exhibits discriminatory power. To base case risk map to an alternative visualization using 
describe how much the choice of parameter values infu- a common geographical methodology, we estimated an 
ences the discrimination of data points with low and inhomogeneous cluster point process with polynomial 
high risk, we performed analysis of variance (ANOVA) trend of degree two for positive and negative POIs that is 
between all 50 EPs based on their bootstrap replica- designed to provide similar cluster structures compared 
tions. Tus, for each EP, 1000 bootstrap replicates of the to our KDE approach. Subsequently, we derived intensi- 
SORS constituted an ANOVA group of estimates for a ties for risk score plotting in a comparable way as it was 
given parameter scenario. We calculated the F statistic done for the kernel density approach, i.e., via setting of 

in order to determine the degree of separation between the surfaces. We tested several point process types, such 
the 50 groups of estimates with higher F values indicat- as “Tomas” and MatClust”, and chose the model with 
ing higher degrees of separation. Terefore, the highest the best ft based on the Akaike Information Criterion 
value of the F statistic within a given parameter varia- [43]. Te code for data download, data processing, and 
tion analysis in this sense indicates the best result. Te analysis of the scenarios defned above can be found in 
relative infuence of the parameters on model results is the supplementary information. 
estimated based on a normalization of the F statistic val- 
ues. Te algorithm used to implement deterministic and Software 
probabilistic analysis is shown in Fig. 2. Finally, we cre- Te spatial POIs were processed and analyzed using R 
ated heat maps based on the risk score estimates of the version 4.0.2 [44]. For graphical visualization, R pack- 
base case. For this purpose, the KDE values were again ages “ggplot2” [45], “graphics” [44], and “felds” [40] were 
transferred back to the original map dimensions that used. We applied the “spatstat” [46] package to estimate 

Fig. 2 Algorithm describing the combination of deterministic and probabilistic analysis, BS=bootstrap sample, EC=edge correction 
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Ripley’s K function and the bootstrap confdence bands Augsburg was signifcantly clustered, as the lower con- 
around it. For KDEs, the packages “MASS” [47] and fdence bands of the K functions lay above the random 
“ sparr” [39] were chosen. Spatial data objects were built Poisson processes for each interpoint distance r, which 
and handled via the packages “rgdal” [48], “geojsonR” means that the actual number of POIs within a distance 
49], “prob” [50], and “spatstat” [46]. For interpolation r was greater than the number of expected POIs under 

and for the generation of risk score maps, the packages random distribution assumptions [31]. Tis underlined 
[ 

“ felds” [40] and “gstat” [51] were used. To plot spatial the importance of subsequent KDE analysis, as the spa- 
objects on maps, we used the package “png” [52]. Finally, tial pattern was suitable for clustering tasks. Estimates 
the DBSCAN algorithm was applied using the package of the obesogenic and the protective K functions for 
“dbscan” [53]. Meitingen also revealed signifcantly clustered patterns, 

as the lower confdence bands lay above the random 
pattern for all or at least for several interpoint distances 
r, which is shown in the bottom part of Fig. 3. 

Results 
Spatial inhomogeneity and visual inspection of the study 
area 
Te upper part of Fig. 3 shows estimates of Ripley’s faces are shown in Fig. 4 for Augsburg and Meitin- 
K function for Augsburg, separately for the obeso- gen. Te obesogenic and protective kernel densities 
genic and the protective POIs. Te point pattern for for Augsburg accumulated within a region lying to the 

Te separate obesogenic and protective risk sur- 

Fig. 3 Spatial inhomogeneity measured via Ripley’s K function for Augsburg (top) and Meitingen (bottom), r= interpoint distance, K(r)=Ripley’s K 
function, iso= isotropic edge correction, pois=Poisson point process 
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Fig. 4 Contour lines of obesogenic and protective kernel densities in Augsburg (left) and Meitingen (right). Values of KDE are constant on a contour 
line with increasing values toward the respective KDE center 

Fig. 5 Final set of randomly chosen spatial data points for Augsburg (left, N =50) and Meitingen (right, N =50) 
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northwest within the city boundaries, whereas the east- between the sample point groups, and thus higher val- 
ern and the southern areas showed no dense region. In ues were more preferable. Values of the F statistic for 
contrast, kernel densities for Meitingen showed several Augsburg and Meitingen increased with the amount of 
dense regions outside the town borders. bandwidth for the frst three scenarios. Tis trend con- 

tinued for Meitingen with decreasing slope, whereas it 
showed a rather inverted u-shaped functional behavior Randomly drawn sample points 

Te fnal set of randomly chosen EPs for the evaluation for Augsburg. Regarding edge correction for Augsburg 
of the risk score for Augsburg (N =50) and Meitingen and Meitingen, increasing the study area to some degree 
(N=50) is presented in Fig. 5. As seen within the graph- led to the highest F statistic, but this efect was not per- 
ics, the sample points generated via the random drawing manently observed with increasing amounts of edge cor- 
process inside the study areas widely covered the respec- rection. For Augsburg, the second grid point scenario 
tive regions under consideration. was preferred according to the ANOVA value, in contrast 

to Meitingen, for which the base case was preferred. Fur- 
thermore, the inverse distance weighting had the highest 
F value in Meitingen and Augsburg,. Finally, the second 

Efect of parameter variation within KDE estimation 
process 

Table 3 summarizes the values of the ANOVA F statis- weighting scenario had a higher F value than the equal 
tic for each scenario of base case and deterministic sen- weighting scenario in Augsburg, whereas the opposite 
sitivity analysis. Te higher the F statistic for a given was seen for Meitingen. Overall, the bandwidth and the 
parameter variation, the higher the degree of separation edge correction had the highest infuence on the values of 

the F statistic. 

Table 3 ANOVA F statistics for Augsburg and Meitingen Obesity risk score map 

Figure 6 depicts the risk score maps for Augsburg and 
Meitingen in which the fve parameters bandwidth, edge 
correction, number of grid points, interpolation method 
and weighting, were set to their base case. Te score val- 
ues of the SORS are depicted as incremental densities 
resulting from subtracting the negative surface from the 
positive surface. Te risk score map shows a compos- 
ite picture of the separate estimates illustrated in Fig. 4. 
Tere was little heterogeneity in risk scores for the region 
of Augsburg except for a small area with higher obeso- 
genic scores at the northwestern city boundary. Te 
risk score map for Meitingen showed high risk scores 
for the northwestern part of the town as well as for the 
area north of the town borders. Te risk score map based 
on point processes for comparison purposes is shown 
in Fig. 7. A region with a low obesity level is present in 
Figs. 6 and 7 for both study areas partly at similar places, 
however, obesity hotspots could only be derived from the 
SORS KDE plot in Fig. 6. 

Augsburg 

Scenarioa 

Meitingen 

Scenarioa F statisticb F statisticb 

BW1 871 BW1 1460 

3014 

4531 

4779 

4079 

4531 

8372 

9158 

7047 

7912 

4531 

4293 

4530 

4531 

4628 

4306 

6 

BW2 1095 

1135 

848 

BW2 

BW3 (BC) 

BW4 

BW3 (BC) 

BW4 

BW5 657 BW5 

EC1 (BC) 

EC2 

1135 

956 

EC1 (BC) 

EC2 

EC3 724 EC3 

EC4 854 EC4 

EC5 1156 

1135 

1495 

1398 

1135 

1274 

1121 

875 

EC5 

GP1 (BC) 

GP2 

GP1 (BC) 

GP2 

GP3 GP3 

INT1 (BC) 

INT2 

INT1 (BC) 

INT2 

INT3 INT3 

INT4 INT4 
Discussion WT1 (BC) 

WT2 

1135 

1180 

WT1 (BC) 

WT2 

4531 

4335 We developed the SORS based on KDE using freely avail- 
able data from online geocoding services. We tested 
several parameters which could potentially infuence 
the fnal score values. Our tests showed that the SORS 
depended on the choice of bandwidth and the amount 
of edge correction applied to the KDE; the latter, how- 
ever, for only one of the two study areas. In contrast, the 
interpolation method, the numbers of grid points, and an 
alternative weighting scenario had a small infuence on 
the results. 

BC Base case, BW Bandwidth, EC Edge correction, GP Grid points, INT 
Interpolation, WT Weighting 
a bandwidth, edge correction, and number of grid points presented in 
ascending order, i.e., with the frst scenario describing the least amount of 
bandwidth, edge correction, and number of grid points respectively 
b The F statistic refers to the ANOVA F statistic between the groups of estimated 
data points at the 50 evaluation points for a given area (1000 data points at 
each evaluation point), calculated as follows: F=between-group variability/ 
within-group variability; higher values of the F statistic refect more preferable 
parameter values for a given scenario. The groups are generated based on the 
POI bootstrap replications 
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Fig. 6 Risk score maps for Augsburg (left) and Meitingen (right) showing the base case with the following parameters: bandwidth: method 
of Terrell [38]; edge correction: area side length: 1.4 * side length of the exact box; number of grid points: 35×35; weighting scheme of the 
environmental factors: equal weighting with unity, interpolation here via the“image.plot”function 

Fig. 7 Risk Score map based on incremental intensities derived from inhomogeneous cluster point processes 
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Te SORS was calculated by taking the diference of food outlets [58]. Estimations at the boundaries were 
the positive and the negative kernel density surface. biased, and the authors came to the conclusion that 
We followed a similar approach to that in the work of edge efects should be corrected in studies considering 
Jones-Smith et al. [34]. Tey estimated correlations measures of availability and accessibility. Tis under- 
of their score with obesity. In contrast, the aim of our lined the importance of edge correction, which was 
study was to investigate the efect of parameter varia- also a major topic in our study. In addition, extending 
tion on the robustness of our score. Furthermore, we the study area has been proven to be a valuable edge 
covered an extensive list of obesogenic and protective correction method. 
environmental factors that expanded the approach of Finding the optimal number of grid points was also dis- 
a food score to a more comprehensive measure, also cussed in the literature. Some authors suggested that a 
including the physical activity environment. Some choice between 100 and 500 grid points gives reasonable 
alternative approaches using KDE were based on the results [59]. In our analysis, we chose 25×25 points for 
division of the kernel density surfaces [54]. A major the minimum bounding rectangle, i.e., 625 grid points, 
drawback of these quotients is the issue with division and chose some additional amount of edge correction 
by zero leading to values approaching infnity and thus for the base case. In addition, we performed some adjust- 
leading to instability. Our approach to the SORS avoids ments to preserve the distance between the grid points 
this and also the need for some adjustments correcting for the edge correction scenarios. In this case, the num- 
for the instability. ber of grid points was extended proportionally to the 

Previous studies used various approaches to estimate amount of edge correction applied, i.e., to the amount 
risk scores based on kernel techniques, both in obesity- of study area extension. Tis made it possible to analyze 
related research areas and elsewhere. Fitzpatrick and col- grid point and edge efects separately. Te choice of grid 
leagues [55], for example, developed the keeping score points in our base case and sensitivity analysis was cho- 
based on KDE to characterize crime patterns, which has sen in accordance with default grid sizes implemented in 
often been used by the police. Crime heat maps can be KDE packages. 
generated with this technique. Tis approach is based on An inverse distance weighting method was applied in 
the locations of past events instead of geolocated envi- the past in KDE estimation regarding homicide locations 
ronmental factors, and the authors assumed that the pat- as a parameter of area safety [60]. Tis method could be 
tern of these historic events would be maintained in the used to estimate efects at specifc locations. We used 
future. such an inverse distance method in our model as an alter- 

Some studies created kernel density surfaces based on native to the automatic interpolation function of the base 
POIs and extracted density estimations from these sur- case. As a further common method, linear interpolation 
faces in order to investigate the association with weight has been applied within the literature [61]. Te “interp. 
status. Rundle et al. (2009) analyzed the efects of envi- surface” function applied to our SORS model was based 
ronmental factors on body mass index (BMI). Results on bilinear weights. 
of KDE analysis concerning healthy and unhealthy food It was challenging to fnd a suitable weighting scheme 
outlets were used to classify the neighborhood environ- applicable within our analysis. For the base case, we 
ment of each individual within the study based on a quin- assumed that each factor has the same positive or nega- 
tile approach [56]. Furthermore, walkability, land use tive weight, although this might look diferent in reality. 
mix, and population density were considered. Tese vari- Additionally, we tested an example from the literature 
ables could not be implemented in our study based on [34]. We found that double weighting of supermarkets 
the chosen POI approach with OSM data. and physical activity facilities had little efect on the 

Te fve chosen SORS parameters, bandwidth, edge results. Owing to several possible weighting methods for 
correction, grid points, interpolation, and weights, have spatial POIs, it is necessary to test further alternatives 
also been investigated in the literature. Laraia et al. within future studies. 
(2017) used a business software and ArcGIS to geoc- Finally, the SORS was graphically compared to a risk 
ode the information from the study data [57]. As in our score that was derived from incremental intensities of 
analysis, several bandwidths were tested within their inhomogeneous spatial point processes. Although the 
KDE approach, which was found to be a sensitive model methodology applied here changed from KDE-based to 
parameter. Similarly, we also found a fundamental infu- intensity-based estimations, similar visual patterns could 
ence of bandwidth on the results. be derived from the two score approaches for protective 

Efects at the edge of the study area were estimated patterns, which further underlines the robustness of our 
in a simulation study concerning cluster models for chosen algorithm. 
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Implications of the SORS on obesity‑related research 
and policy 
Te SORS is a helpful tool to understand the spatial dis- 

of the F statistic could be used to fnd optimal parameter 
combinations for the SORS. 

We checked the robustness of the score and repeated 
tribution of health-related harmful environmental factors our analysis several times for a given area. Results were 
in relation to health-promoting environmental factors. qualitatively equivalent, i.e., for each given parameter 
Risk score maps allow for an overall intuitive view on variation, the repeated analysis could be used to rank the 
summarized structures, which can be a valuable help in scenarios in the same order. 
obesity-related research and also within policy. Although However, there are also some limitations regarding the 
the actual use of those structures might look diferent study. First, some of the environmental factors discovered 
in reality, it nevertheless gives a composite simplifying during the literature search could not be implemented 
measure of the environment and can be further extended based on spatial POIs, especially complex constructs 
to a more comprehensive tool accounting for several such as land use mix or walkability. 
health dimensions afecting individuals simultaneously. Second, the categorization of positive and negative 

obesogenic factors was based on data from pre-existing 
literature, and it is not known whether POIs categorized 
as “positive” or “negative” are really positively or nega- 
tively associated with obesogenic health (behavior). Fur- 
ther studies could compare the SORS with external data 
sources, such as walk scores in a given region, in order to 
test these associations [64]. 

Strengths and limitations 

Several strengths exist regarding our study. Te auto- 
mated processing of data and the automated testing of 
several important KDE parameters makes it possible to 
repeat the application of risk score estimation for other 
areas efciently, given that the spatial data points and 
the shape fles of the city or town boundaries have been 
downloaded before. Tis enables the user to describe, 
compare, and monitor (if done repeatedly) risk scores 
as well as the infuence of relevant risk score parameters 
within several areas of interest, within other regions 
worldwide, and also on a larger geographic scale. For 
example, the analysis could be performed for a whole 
country in order to identify national inequalities regard- 
ing environmental obesity risks or to guide and prior- 
itize prevention eforts that concentrate on the food 
and the physical activity environment. To achieve this 
on a regional scale, the data download area simply has 
to be increased to cover a larger area for the subsequent 
data download from OSM. Te data fles would be of a 
manageable size, as only a small number of features are 
important for this kind of analysis. For Augsburg, i.e., for 
the larger of our two study areas, the data fle size was 

As the content of OSM is generated by users, it is nec- 
essary to assess the data quality within validation studies. 
Within our previous work, we calculated sensitivity, speci- 
fcity, and positive predictive values for OSM and com- 
pared the results with the corresponding values for Google 
Maps [18]. It became evident that both geocoding services 
performed adequately. OSM had higher positive predictive 
value but, in contrast, lower sensitivities than Google Maps. 

Conclusion 
KDE has been proven to be a useful methodology in the 
development of an obesity risk score, predominantly 
on account of the nature of the continuous estimation 
approach enabling efcient generation of risk score maps. 
However, some parameters of KDE have a large efect on 
score results. Parameter optimization should therefore 
play a major role during score model development. 8 MB. For larger areas, e.g., for Germany, other portals 

such as Geofabrik should be used. In this case, no query 
process is needed, and the data fles are directly ready 
for download. Te data size for Germany, for exam- 
ple, would be 3.1 gigabytes in this case [62]. Further- 
more, using so-called planet OSM fles, data disk space 
of around one terabyte (compressed 89 GB) or less is 
required [63]. 

Abbreviations 
ANOVA 
API 
BC 

Analysis of variances 
Application Programming Interface 
Base case 

BS Bootstrap sample 
BW Bandwidth 
EC Edge correction 
EP Evaluation point 

We integrated uncertainty into our analysis by per- 
forming a spatial bootstrap. Subsequently, we used the 
samples directly for the evaluation of our method. Tis 
allowed us to assess the stability of the score values 
against POI variations and helped us to compare deter- 
ministic parameter scenarios based on the ANOVA F 
statistic. On the one hand, the impact of each parameter 
on score results could be assessed. In addition, the values 

GEDA 
GIS 
GP 

(GEDA, German Health Update) 
Geographic information systems 
Grid points 

INT Interpolation 
JSON 
KDE 
OSM 
POI 
SORS 
WT 

JavaScript Object Notation 
Kernel density estimation 
OpenStreetMap 
Point of interest 
Spatial obesity risk score 
Weighting 
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Additional File 1: Complete list of chosen variables 

 

Table A1: Variables separated by category 

Category Variables 

Amenity bar § bbq * bicycle_parking § 

bicycle_rental § biergarten § boat_rental § 

boat_sharing § bus_station * car_rental * 

car_sharing * cafe § clinic § 

college § dentist § dive_centre § 

doctors § dojo § fast_food * 

fire_station § food_court § fountain § 

hospital § hunting_stand § ice_cream * 

kneipp_water_cure § language_school § library § 

marketplace § nursing_home § pharmacy § 

police § prison § ranger_station § 

restaurant § school § taxi * 

university §   

Leisure beach_resort § dance § dog_park § 

fishing § fitness_centre § fitness_station § 

garden § golf_course § ice_rink § 

miniature_golf § nature_reserve § park § 

pitch § playground § sports_centre § 

stadium § summer_camp § swimming_area § 

swimming_pool § track § water_park § 

Land use allotments § farmland § farmyard § 

forest § grass § greenfield § 

greenhouse_horticulture § meadow § 

 

orchard § 
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plant_nursery § recreation_ground § village_green § 

vineyard §   

Natural fell § grassland § heath § 

scrub § tree § tree_row § 

water § wood §  

Shop bakery § beverages § bicycle § 

butcher § cheese § coffee § 

convenience * dairy § deli § 

farm § garden_centre § garden_furniture § 

greengrocer § fishing § free_flying § 

hunting § ice_cream * medical_supply § 

nutrition_supplements § outdoor § pasta § 

pastry * scuba_diving § seafood § 

spices § sports § supermarket § 

swimming_pool § tea § wine § 

Vending bicycle_tube § bread § chemist § 

coffee § first_aid § fishing_tackle § 

food § ice_cream * milk § 

sweets *   

Other 

variables 

(category) 

aerodrome (aeroway) * aquarium (tourism) § bakery (craft) § 

bus_stop (highway) * camp_site (tourism) § caterer (craft) § 

halt (railway) * helipad (aeroway) * heliport (aeroway) * 

national_park (boundary) § picnic_site (tourism) § sport, whole category § 

rest_area (highway) § station (railway) * theme_park (tourism) § 

therapist (office) § tram_stop (railway) * zoo (tourism) § 

 

* = obesogenic, § = protective 
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Additional File 2: Methodological details 

 

 

Points of Interest download 

 

Spatial points of interest (POIs) were downloaded as GeoJSON-Files, a file format in JavaScript 

Object Notation (JSON) style containing geographic data based on a key value structure, from 

OSM. This was executed via the online data filtering tool Overpass turbo, which enables access 

to the Overpass Application Programming Interface (API) of OSM [1]. Queries formulated via 

specific API query language were executed with this tool [2]. The tool was also used to visualize 

the spatial data points on an embedded map on the web page. 

A rectangular area, a so-called bounding box, around each study region was chosen for the 

download of POIs. The size of this area was chosen large enough to allow for edge correction 

of the smaller contained study area in which variation in the SORS parameters was investigated. 

 

 

Details regarding the coordinate adaptation and the synthetic origin 

 

Within online geocoding services, the actual length of the longitudinal coordinate depends on 

the latitude to conserve conformal projections [3]. In order to correct this bias for kernel density 

estimation, we transformed the coordinates to adapt the length of one unit in the latitudinal 

direction to one unit in the longitudinal direction, i.e., we multiplied the longitudinal coordinate 

by a factor of 0.64 applicable within regions lying around 48 latitudinal degrees. To simplify 

this process, we introduced a synthetic origin of coordinates lying to the south-west of both 

study areas. In order to preserve original map dimensions for graphical visualization of the risk 

score estimates, we used the corrected risk score estimates and shifted them back to the original 

map dimension. 

 

 

Details regarding bus stop clustering 

 

We decided to perform a previous clustering on bus stops, as this variable seemed to be 

overrepresented compared with the expected impact of a single POI. Therefore, we 

implemented density-based spatial clustering (DBSCAN) in order to find dense regions of bus 

stops [4]. For risk score estimation, the obesogenic spatial POIs containing the bus stops and 

the protective POIs were handled altogether in two separate data layers. In order to reduce the 

number of bus stops into several dense clusters of bus stops, we integrated the longitude–

latitude pairs of all bus stops into a data frame and applied the DBSCAN algorithm. 

Subsequently, we replaced the bus stop data points of the obesogenic data layer with the 

centroids of the discovered bus stop clusters. We assumed a cluster to be dense if at least five 

POIs were discovered within an epsilon neighborhood of 50 meters. 

 

 

Incremental sampling process for edge correction 
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We extended the area and simultaneously the number of data points around the study area with 

increasing amount of edge correction. Therefore, we chose an incremental sampling procedure 

analogous to the increase in grid points across these edge correction scenarios. This improved 

comparability across the parameter variation. As a first step, a sample was generated for the 

smallest area, i.e., the base case edge correction. For each next edge correction scenario, the 

inner sample points from the previous sample step were maintained, and the remaining sample 

points were generated from the additional POIs of the gradually extended KDE estimation area. 

In all, this led to the generation of 1,000 incremental bootstrap samples for the obesogenic POIs 

and 1,000 incremental samples for the protective POIs. 
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Additional File 3 

 

12874_2023_1883_MOESM3_ESM.zip 

 

This zip file is attached to the original article on the journal’s web page at: 

https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-023-01883-y 

 

Content of the zip file: 

Data_download_example_Augsburg.txt 

Data_preprocessing.txt 

Evaluation_Points_code.txt 

KDE_overlay_code.txt 

Main_code_revised.txt 

Ripley_code.txt 
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4 Summary and outlook 

 

Within this dissertation, a spatial obesity risk tool was developed that can assist policy makers 

and other stakeholders who have an interest in obesity-related topics. The relevant data were 

identified, and the operationalized data points were validated. It was possible to show the results 

ex-ante on maps and ex-post after data transformations were applied. Subsequently, 

corresponding obesity risks could be derived from the pre-processed POIs, as well as shown on 

composite risk maps. 

A further future step in the integration process of the tool into diabetes surveillance is to 

examine the relationship of the obesity risk score to actual diabetes prevalence. This could be 

done via a regression modeling approach accounting for all relevant factors and confounders. 

Furthermore, it would be of interest to check whether gender or age differences exist for the 

applicability of the model to the respective test populations. 

A policy maker could use the tool to identify structurally weak regions to understand the 

potential for structural prevention, as well as to tailor interventions as needed in place. It has 

been shown in the literature that those interventions were cost effective, thus underlining the 

importance of the approach outlined in this dissertation, which can be helpful to counteract 

rising trends in obesity prevalence (1). Regarding the German context, the tool is useful for 

reaching the aims of the prevention act that was established in 2015 (2,3). A further advantage 

could be the use of the methodology as a starting point within regions suffering from a lack of 

existing disease factor surveillance programs, for example in low-income countries. 

The SORS algorithm fits into scalability trends seen in geo-analytics today. Some clustering 

algorithms for larger datasets were developed recently, such as distributed approaches for k- 

means clustering or the BIRCH (balanced iterative reducing and clustering using hierarchies) 

(4). The SORS allows researchers to extend the study area significantly without the need for 

distributed computing, as model run times are adequate. 

Finally, the geographic tool developed in this dissertation can easily be extended to other sectors 

in health sciences or even beyond. It is possible to adapt the risk score concerning the choice of 

variables of interest and the way of processing the spatial layers. For example, one could think 

of provision with basic supplies such as the availability of natural water reservoirs or basic 

infrastructure for daily life (5). The automation process can be further extended into a general 

risk tool with a dynamic model that can be adapted based on a previous selection by the user. 
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In all, the spatial methodology for risk factor surveillance presented in this dissertation is a 

useful supplement to the established methods such as population-based surveys and is even 

more important when established surveillance methods are difficult to implement in a given 

context. 
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