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1. Clustering of body measures into eight meta-measures 

A feature map of preprocessed body scanner data is generated using SOM machine learning 

(1). A SOM size of 50 x 50 was used to achieve stable clustering of the 46 body scanner 

measures (see (2) for details). The body measures arrange in a two-dimensional grid after 

SOM training such that measures with similar profiles across the sample locate at the same or 

at close positions, whereas measures with dissimilar profiles are located in distant regions of 

the map. Figure S 1a shows the localization of the body measures within the feature map. 

Each dot marks at least one individual measure. If multiple measures are located at the same 

position, their number is indicated by the color scale given within the figure. Blue dots 

represent positions with one single measure, dark red dots represent positions with six 

measures. Then the feature map was segmented into clusters as described in (13). This way 

we obtained eight clusters of anthropometric measures termed meta-measures, each 

containing between 1 and 15 individual body measures. Meta-measures are annotated by 

capital letters ‘A’ to ‘H’ as illustrated in the main article. The corresponding cluster regions 

are highlighted in Figure S 1a. Meta-measures along the left edge of the feature map refer 

mainly to girth measures, whereas those in the right part of the map mainly refer to length 

measures. The complete list of assignments of body measures to meta-measures is given as S2 

Table. The localization of length and girth measures in opposite areas of the map reflects anti-

correlated profiles, i.e. larger girths on average associate with smaller lengths and vice versa. 

Please remind that data was adjusted for body height during preprocessing. The meta-

measures consequently refer to scaled body measures in relation to body height. 

  



Figure S 1: Clustering of body measures using self-organizing map (SOM). Meta-

measures are defined by clusters of single body measures in the feature map and annotated by 

capital letters ‘A’ to ‘H’. Positions of the single measures are indicated by the dots. The color 

represents the number of single measures mapped to each position (see scale bar). Gray areas 

indicate the cluster regions. They are annotated by most prominent measures and the number 

of measures within the clusters. 

 

 

2. Clustering of LIFE Child participants into seven body types 

The eight meta-measures characterize the participants’ body shape with reduced 

dimensionality compared to the 46 original body measures. We used them for diversity 

analysis of all 2,735 participants in terms of consensus clustering with 100-fold bootstrapping. 

The resulting consensus matrix was hierarchically clustered and reveals several clusters which 

group as blue quadrat-like areas along the diagonal in Figure S 2a. Dynamic tree cutting (3) of 

the corresponding cluster dendrogram then provided seven body types. 

Stability of body type clusters was estimated by comparison of intra-cluster consensus and 

inter-cluster consensus (2), representing the mean connectivity of all feature pairs of the same 

and of two differing clusters, respectively. The former measure estimates the stability of the 

individual clusters, the latter one estimates the degree of overlap between two clusters (Figure 

S 2b and c). All body types show intra-cluster consensus ≥ 0.70 with an average value of 0.75, 

indicating compact and stable clustering. Body types of the adult population of Leipzig (LIFE 

ADULT cohort) show markedly smaller values of intra-cluster consensus (≥ 0.44, on average 



0.62 (2)), which means that body typing in children is more stable than in adults as seen by 

comparison of body-type clustering of LIFE Child and LIFE Adult.  

Inter-cluster consensus estimates the degree of overlap between two body types. These values 

are used as distance measures to generate a dendrogram of body types using hierarchical 

clustering with single linkage (Figure S 2c). It reveals a successive, linear clustering of the 

body types on a very low level of mutual overlap (average inter-cluster consensus of 0.05) 

rather than forming distinct branches. These results consequently indicate that the defined 

body types are distinct and non-overlapping. 

 

 

Figure S 2: Body types detected in LIFE Child form distinct and robust clusters. (a) Consensus 

cluster map of the participants. Light to deep blue coloring indicates the increasing frequency of 

pairwise appearance of different participants in the same clusters as determined in 100-fold 

bootstrapped clustering. Body types are defined by separate branches of the dendrogram shown above 

the heatmap. (b) Intra-cluster consensus values for the body type clusters reflect the degree of stability. 

(c) Hierarchical cluster dendrogram of body type clusters. Inter-cluster consensus values were used as 

similarity measure. 

 

 

  



3. Description of LIFE Child body types 

Table S 1: Description of the body types stratified according to male and female participants.  
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1: total number of participants in the body type, and numbers of male and female subgroups 

2: average value ± standard deviation 



4. Age-dependent BMI-trajectories of the body types 

Body types collect participants from broad age ranges, which potentially cover different 

stages of development. We evaluated relation of BMI and age in the cross-sectional sample 

using running averages of the BMI separately for each body type. This approach smooths the 

relatively large scatter of BMI values of the individuals of each body type (Figure S 3). Note 

that our body types integrate multidimensional information on whole body proportions, which 

goes beyond the simple, one-dimensional BMI index. For a rough comparison we interpret 

trends of the body type related BMI curves compared to the 50%-percentile (P50) reference 

line of German children and adolescents (4): 

The curves of ‘Y’- and ‘M’-types proceed virtually parallel to the P50 line indicating that 

growth velocity (BMI increment per year) of these body types agrees with average growth 

velocity in the reference population where boys show a larger variability of the curves than 

girls. Note that BMI-curves of age related body types are partly overlapping for boys 

(especially ‘M/Ow’ and ‘O/Ow’, and also ‘Y/Nw’, ’M/Nw’ and ‘O/Nw’), whereas the curves 

for girls show a more sequentially order (‘M/Ow’ and ‘O/Ow’) or are simply shifted in the 

BMI level (‘Nw’-types). 

 

Figure S 3: BMI characteristics change with age at time of measurement and reveal specific 

ranges of the individual body types. The BMI-values were smoothed for each body type using 

running average of a two-year sliding window. The gray curves indicate 50 percentile of German 

children and adolescents. Each dot represents an individual measurement. 

 



5. Body types represent clusters of consistent BMI SDS level 

Typically developmental curves are normalized with respect to the population mean and standard 

deviation (SDS scores). Age-dependent BMI-SDS curves are very similar compared to the original 

BMI curves of the body types (compare Figure S 4a and Figure 5 in main manuscript). In particular, 

overlap of age ranges and deviations from the population reference are virtually identical for BMI and 

BMI-SDS. 

Scatterplots of body height and weight were generated and reveal curves shifted in parallel to 

the reference (Figure S 4b). Distances between the body type isolines and the reference in this 

plot almost perfectly correlate to average BMI SDS values of the body types (r=0.99 in male, 

r=0.94 in female participants). This indicates that age-specific characteristics as represented 

by SDS values are conserved in our body typing. 

 

Figure S 4: BMI SDS characteristics change with age at time of measurement. (a) BMI SDS of 

participants smoothed for each body type using running average and a two-year window. (b) Body 

height and weight of participants smoothed using running average. The numbers indicate minimum, 

median and maximum age in the body types. The gray curves indicate 50 percentile of German 

children and adolescents. Body types are colored according to legend given in (a). 
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