
SUPPLEMENTARY METHODS 

Geocoding 

Participants were geocoded using the postal address of sampled individuals in the 

city of Lausanne (geographic coordinates of the place of residence). We took into 

consideration for analysis only individuals sampled in the urban area. Indeed, the 

municipality of Lausanne also includes countryside districts characterized by a very low 

density of CoLaus participants which were excluded from the analyses. 

Spatial statistics 

Getis-Ord Gi indicators are statistics that measure spatial dependence and evaluate 

the existence of local clusters (hot or cold spots) in the spatial arrangement of a given 

variable (here BMI). They compare the sum of individual’s BMI values included within a given 

spatial lag proportionally to the sum of individual’s BMI values within the whole study area 

[1]. The Gi statistic returned for each feature in the dataset is a Z score (standardized value) 

to which a p-value is associated. The null hypothesis for this statistic is that the values being 

analyzed exhibit a random spatial pattern. When the p-values returned by the method are 

statistically significant, it is possible to reject the null hypothesis and to assume that the 

spatial distribution is not random. Statistical significance testing was here based on a 

conditional randomization procedure [2] using a sample of 999 permutations. Both Z scores 

and p-values are associated with a standard normal distribution. All maps shown in this 

paper correspond to a significance level of 0.05 corresponding to critical values of ±1.96 (see 

Figure 5 in [3]). Large statistically significant positive Z scores reveal intense clustering of 

high values, while large significant negative Z scores reveal intense clustering of low values. 

All sampling sites which are not significant are displayed in white (class 0). 



We decided to analyze the BMI variables within 800 meters (m) around each 

individual’s postal address. This distance is a compromise taking the following criteria into 

consideration: i) the spatial lag cannot be smaller than the distance from which there is no 

neighborless individual or isolate in both baseline and follow-up datasets (330m); ii) the 

study area is a compact urban zone of 6’200 x 4’400 meters and we wanted to assess BMI’s 

spatial dependence on the basis of a sufficiently fine spatial resolution (here 800m = ~1/8 of 

the width and ~5/8 of the height of the area); iii) using connectivity histograms, it was 

necessary to ensure that all observations had – as much as possible – the same number of 

neighbors. We also tested 8 other spatial lags (400; 600; 1,000; 1,200; 1,400; 1,600; 1,800 

and 2,000 meters) to verify the general consistency of the hot and cold spots identified with 

a spatial lag of 800m, what is the case. 

We used a standardized approach where the sum of the weights sum to 1 and each 

individual weight is 1/Wi. In this case Gi and Gi* (including the value of the target individual) 

are homogeneous of order zero in wij and thus invariant [4]. 

Moran’s I and Local Indicators of Spatial Association (LISA) 

As Moran’s I method, unlike Getis-Ord Gi, also identifies local areas with dissimilar 

values and excludes these from the local high and low spots, and thus preventing 

misclassification of individuals in areas with relatively high numbers of dissimilar neighboring 

individuals, we also ran local Moran’s statistics (see Figures S2-S4). This measure of local 

spatial autocorrelation has been carried out with Local Indicators of Spatial Association 

(LISA) developed by Anselin [2]. LISA indicators are statistics that measure spatial 

dependence and evaluate the existence of local clusters in the spatial arrangement of a 



given variable. They are based on the statistical index I developed by Moran [5] to measure 

the global spatial autocorrelation of the overall clustering of the data in the area under 

investigation. Moran’s I ranges from -1 (negative spatial autocorrelation) to 1 (complete 

spatial dependence), with 0 indicating the absence of spatial dependence. Like Guessous et 

al. [6], we used univariate LISA within a given spatial weighting. This index permitted to 

identify local spatial autocorrelation clusters of BMI in individuals. For each postal address, 

the correlation between the observed variable and the mean of this variable in a given 

neighborhood (spatial lag) was calculated.  The standardized scattergram of this relationship 

shows five distinct classes: a) high observed values correlated with high values in the 

neighborhood (high-high); b) low observed values correlated with low values in the 

neighborhood (low-low); c) low-high relationships; d) high-low relationships and e) no 

association. The attribution of individuals to these four classes depends on the results of a 

significance test. This test consists in performing a large number of Monte-Carlo random 

permutations among locations to compare the observed LISA to the many LISA 

corresponding to the random permutations. It is computed as (M + 1) / (P + 1) where P is the 

number of permutations and M is the number of instances where a statistic computed from 

the permutations is equal to or greater than the observed value for positive local Moran, or 

less or equal to the observed value for negative local Moran (see details in [2]. All sampling 

sites which are not significant are displayed in white. This permitted to produce maps 

showing individuals for which there is significant spatial dependence of BMI values, and to 

identify particular behaviors, i.e. showing a value locally different (outlier) from the other 

BMI values in the same spatial lag. The choice of the weighting scheme is the same like for 

Getis-Ord Gi. 
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SUPPLEMENTARY TABLE S1 

Table S1. Baseline characteristics of participants included in analysis of BMI clusters at baseline only 
(N=6,481) and of participants included in analysis of BMI clusters at baseline and follow-up (N=4,460) 

Participants 
included in analysis 
of BMI clusters at 
baseline 

Participants included 
in  analysis of BMI 
clusters at both 
baseline and follow-up 

N 6,481 4,460 

Age, mean (SD), 
years 

52.6 (10.7) 51.6 (10.5) 

BMI , mean (SD), 
kg/m2 

25.8 (4.5) 25.1 (4.4) 

% Women 52.7 54.1 

Education level 

% Obligatory school 20.9 17.9 

% Apprenticeship 35.2 35.4 

% University 
entrance 

11.0 11.5 

% University degree 20.0 21.5 

% Higher degree 12.9 13.7 

Marital status 

% Living alone 33.4 32.7 

% Living in couple 66.6 67.3 

% Social aid 24.6 22.2 

Physical activity* 

% Never 35.8 33.2 

% Once a week 9.5 10.0 

% Twice a week 52.1 54.3 

% ≥3 times per week 1.3 1.0 

% Caucasien 91.8 92.6 

Smoking 

% Former smoker 32.5 33.7 

% Never smoker 40.4 40.2 

% Smoker 27.1 26.1 

% Current alcohol 
consumption 

77.5 79.5 

* categories based on the response to the following question: “how many time per week do
you take part for at least 20 minutes in leisure-time physical activity?” 



SUPPLEMENTARY FIGURES 

Figure S1 - The figure shows a box map of the median income (normalized values range 
between 31.76% and 100%) in 2009 per statistical sector (81) in Lausanne. Lower/Upper 
outliers are determined on the basis of the use of a hinge of 1.5. Mean=51.56%; 
Median=49.98%; Q1=44.09&; Q3=56.48; IQR=12.39%. Districts (or quartiers) are composed 
of 2 to ten statistical sectors elaborated by STATDV (http://www.scris-lausanne.vd.ch/). 
Black lines show the limits between districts and white lines show the limits between 
statistical sectors. The background of the map was built on the basis of LIDAR data (Height’s 
model, source: Géodonnées Etat de Vaud, 2012). 

http://www.scris-lausanne.vd.ch/


Figure S2 – This map shows the variation in the local significance level at baseline with 6,481 
individuals for the raw BMI. The points represented in dark green show the highest 
significance level (0.001), and the light green points show the significance level chosen to 
represent Getis-Ord Gi indices. The intermediate green class shows points with a local 
significance level of 0.01. For an exact description of the limits of the districts, please see 
figure S1. The background of the map was built on the basis of LIDAR data (Height’s model, 
Source: Géodonnées Etat de Vaud, 2012). 



Figure S3a – Moran’s version of Figure 1a. White dots show sampling places where the space 
is neutral (no spatial dependence). Red dots show clusters of high–high locations where an 
individual high BMI value is correlated with a high mean BMI value among the individuals 
located within a radius of 800 m. Blue dots show clusters of low–low locations where an 
individual low BMI value is correlated with a low mean BMI value among the individuals 
located within a radius of 800 m. The purple and pink dots highlight dissimilar values. Purple 
dots show low BMI values compared with a high BMI mean of their neighbors, and pink dots 
show high BMI values compared with a low BMI mean of their neighbors. Lausanne districts 
are numbered from 1 to 17. For an exact description of the limits of the districts, please see 
figure S1. The background of the map was built on the basis of LIDAR data (Height’s model, 
source: Géodonnées Etat de Vaud, 2012). 



Figure S3b – Moran’s version of Figure 1b. White dots show sampling places where the 
space is neutral (no spatial dependence). Red dots show clusters of high–high locations 
where an individual high BMI value is correlated with a high mean BMI value among the 
individuals located within a radius of 800 m. Blue dots show clusters of low–low locations 
where an individual low BMI value is correlated with a low mean BMI value among the 
individuals located within a radius of 800 m. The purple and pink dots highlight dissimilar 
values. Purple dots show low BMI values compared with a high BMI mean of their neighbors, 
and pink dots show high BMI values compared with a low BMI mean of their neighbors. 
Lausanne districts are numbered from 1 to 17. For an exact description of the limits of the 
districts, please see figure S1. The background of the map was built on the basis of LIDAR 
data (Height’s model, source: Géodonnées Etat de Vaud, 2012). 



Figure S4a – Moran’s version of Figure 2a. White dots show sampling places where the space 
is neutral (no spatial dependence). Red dots show clusters of high–high locations where an 
individual high BMI value is correlated with a high mean BMI value among the individuals 
located within a radius of 800 m. Blue dots show clusters of low–low locations where an 
individual low BMI value is correlated with a low mean BMI value among the individuals 
located within a radius of 800 m. The purple and pink dots highlight dissimilar values. Purple 
dots show low BMI values compared with a high BMI mean of their neighbors, and pink dots 
show high BMI values compared with a low BMI mean of their neighbors. Lausanne districts 
are numbered from 1 to 17. For an exact description of the limits of the districts, please see 
figure S1. The background of the map was built on the basis of LIDAR data (Height’s model, 
source: Géodonnées Etat de Vaud, 2012). 



Figure S4b – Moran’s version of Figure 2b. White dots show sampling places where the 
space is neutral (no spatial dependence). Red dots show clusters of high–high locations 
where an individual high BMI value is correlated with a high mean BMI value among the 
individuals located within a radius of 800 m. Blue dots show clusters of low–low locations 
where an individual low BMI value is correlated with a low mean BMI value among the 
individuals located within a radius of 800 m. The purple and pink dots highlight dissimilar 
values. Purple dots show low BMI values compared with a high BMI mean of their neighbors, 
and pink dots show high BMI values compared with a low BMI mean of their neighbors. 
Lausanne districts are numbered from 1 to 17. For an exact description of the limits of the 
districts, please see figure S1. The background of the map was built on the basis of LIDAR 
data (Height’s model, source: Géodonnées Etat de Vaud, 2012). 



Figure S5a – Moran’s version of Figure 3a. White dots show sampling places where the space 
is neutral (no spatial dependence). Red dots show clusters of high–high locations where an 
individual high BMI value is correlated with a high mean BMI value among the individuals 
located within a radius of 800 m. Blue dots show clusters of low–low locations where an 
individual low BMI value is correlated with a low mean BMI value among the individuals 
located within a radius of 800 m. The purple and pink dots highlight dissimilar values. Purple 
dots show low BMI values compared with a high BMI mean of their neighbors, and pink dots 
show high BMI values compared with a low BMI mean of their neighbors. Lausanne districts 
are numbered from 1 to 17. For an exact description of the limits of the districts, please see 
figure S1. The background of the map was built on the basis of LIDAR data (Height’s model, 
source: Géodonnées Etat de Vaud, 2012). 



Figure S5b – Moran’s version of Figure 3b. White dots show sampling places where the 
space is neutral (no spatial dependence). Red dots show clusters of high–high locations 
where an individual high BMI value is correlated with a high mean BMI value among the 
individuals located within a radius of 800 m. Blue dots show clusters of low–low locations 
where an individual low BMI value is correlated with a low mean BMI value among the 
individuals located within a radius of 800 m. The purple and pink dots highlight dissimilar 
values. Purple dots show low BMI values compared with a high BMI mean of their neighbors, 
and pink dots show high BMI values compared with a low BMI mean of their neighbors. 
Lausanne districts are numbered from 1 to 17. For an exact description of the limits of the 
districts, please see figure S1. The background of the map was built on the basis of LIDAR 
data (Height’s model, source: Géodonnées Etat de Vaud, 2012). 



Figure S6 - Clusters for baseline showing the BMI adjusted for median income, age, sex, 
education level, Caucasian ethnicity, marital status, government benefits, physical activity, 
smoking status, and alcohol consumption). Red dots show individuals with a statistically 
significant positive Z score (α = 0.05), meaning that high values cluster within a spatial lag of 
800m, and are found closer together than expected if the underlying spatial process was 
random. Blue dots show individuals with a statistically significant negative Z score (α=- 0.05), 
meaning that low values cluster within a spatial lag of 800m, and are found closer together 
than expected if the underlying spatial process was random. Lausanne districts are 
numbered from 1 to 17. For an exact description of the limits of the districts, please see 
figure S1. The background of the map was built on the basis of LIDAR data (Height’s model, 
source: Géodonnées Etat de Vaud, 2012). 



Figure S7 - Clusters for follow-up showing the BMI adjusted for median income, age, sex, 
education level, Caucasian ethnicity, marital status, government benefits, physical activity, 
smoking status, and alcohol consumption (N=4,460). Red dots show individuals with a 
statistically significant positive Z score (α = 0.05), meaning that high values cluster within a 
spatial lag of 800m, and are found closer together than expected if the underlying spatial 
process was random. Blue dots show individuals with a statistically significant negative Z 
score (α = - 0.05), meaning that low values cluster within a spatial lag of 800m, and are 
found closer together than expected if the underlying spatial process was random.  Lausanne 
districts are numbered from 1 to 17. For an exact description of the limits of the districts, 
please see figure S1. The background of the map was built on the basis of LIDAR data 
(Height’s model, Source: Géodonnées Etat de Vaud, 2012). 



Figure S8 - Clusters for follow-up showing the BMI adjusted for median income, age, sex, 
education level, Caucasian ethnicity, marital status, government benefits, physical activity, 
smoking status, and alcohol consumption among participants showing weight gain (≥5% of 
BMI increase between baseline and follow-up, N=1,351). White dots show sampling places 
where the space is neutral (no spatial dependence). Red dots show individuals with a 
statistically significant positive Z score (α = 0.05), meaning that high values cluster within a 
spatial lag of 800m, and are found closer together than expected if the underlying spatial 
process was random. Blue dots show individuals with a statistically significant negative Z 
score (α = - 0.05), meaning that low values cluster within a spatial lag of 800m, and are 
found closer together than expected if the underlying spatial process was random. Lausanne 
districts are numbered from 1 to 17. For an exact description of the limits of the districts, 
please see figure S1. The background of the map was built on the basis of LIDAR data 
(Height’s model, Source: Géodonnées Etat de Vaud, 2012). 


