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Supplementary Materials  
 

 
1. Mathematical formulas of the metabolic indices: 

 
Supplementary Table S1: Overview on the calculated metabolic indices including the respective mathematical 
formulas. 

Index Formula 

HOMA-IR [1] 𝒈𝒍𝒖𝒄𝒐𝒔𝒆 𝟎𝒉 ቀ𝒎𝒎𝒐𝒍𝒍 ቁ ∗  𝒊𝒏𝒔𝒖𝒍𝒊𝒏 𝟎𝒉 (𝒎𝑼𝒎𝒍 )𝟐𝟐, 𝟓  

HOMA-IR (C-Peptide) 
[2] 

𝒈𝒍𝒖𝒄𝒐𝒔𝒆 𝟎𝒉 ቀ𝒎𝒎𝒐𝒍𝒍 ቁ ∗ 𝑪 − 𝒑𝒆𝒑𝒕𝒊𝒅𝒆 𝟎𝒉 (𝒏𝒎𝒐𝒍𝒍 )𝟐𝟐, 𝟓  

HOMA-β [3] 20*( 
 𝒊𝒏𝒔𝒖𝒍𝒊𝒏 𝟎𝒉 (𝒎𝑼𝒎𝒍 )𝒈𝒍𝒖𝒄𝒐𝒔𝒆 𝟎𝒉 ቀ𝒎𝒎𝒐𝒍𝒍 ቁି𝟑,𝟓 ) 

HOMA-β-C-peptide 
[3] 

20*( 
 𝑪ି𝒑𝒆𝒑𝒕𝒊𝒅𝒆 𝟎𝒉 (𝒏𝒎𝒐𝒍𝒍 )𝒈𝒍𝒖𝒄𝒐𝒔𝒆 𝟎𝒉 ቀ𝒎𝒎𝒐𝒍𝒍 ቁି𝟑,𝟓 ) 

Matsuda Index [4] 𝟏𝟎. 𝟎𝟎𝟎ට𝑮𝒍𝒄 𝟎𝒉 ቀ𝒎𝒈𝒅𝒍 ቁ ∗ 𝑰𝒏𝒔 𝟎𝒉 (𝒎𝑼𝒎𝒍 ) ∗ 𝑴𝑾(𝑮𝒍𝒄) ቀ𝒎𝒈𝒅𝒍 ቁ ∗ 𝑴𝑾(𝑰𝒏𝒔)(𝒎𝑼𝒎𝒍 ) 

Matsuda Index (C-
Peptide) [5] 

𝟓𝟎𝟎. 𝟎𝟎𝟎ට𝑮𝒍𝒄 𝟎𝒉 ቀ𝒎𝒈𝒅𝒍 ቁ ∗ 𝑪 − 𝑷𝒆𝒑 𝟎𝒉 (𝒏𝒈𝒎𝒍) ∗ 𝑴𝑾(𝑮𝒍𝒄) ቀ𝒎𝒈𝒅𝒍 ቁ ∗ 𝑴𝑾(𝑪 − 𝑷𝒆𝒑)(𝒏𝒈𝒎𝒍) 

C-Peptide Index 1 
(CPI) [3] 

100* 
𝑪ି𝑷𝒆𝒑𝒕𝒊𝒅𝒆 𝟎𝒉 (𝒏𝒈𝒎𝒍)𝑮𝒍𝒖𝒄𝒐𝒔𝒆 𝟎𝒉 (𝒎𝒈𝒅𝒍 )  

C-Peptide Index 2 
(CPII) [3] 

100* 
𝑪ି𝑷𝒆𝒑𝒕𝒊𝒅𝒆 𝟐𝒉 ቀ𝒏𝒈𝒎𝒍ቁ ି 𝑪ି𝑷𝒆𝒑𝒕𝒊𝒅𝒆 𝟎𝒉 (𝒏𝒈𝒎𝒍)𝑮𝒍𝒖𝒄𝒐𝒔𝒆 𝟐𝒉 ቀ𝒎𝒈𝒅𝒍 ቁ ି 𝑮𝒍𝒖𝒄𝒐𝒔𝒆 𝟎𝒉 (𝒎𝒈𝒅𝒍 )  

Insulin clearance 
(fasting) [6] 

𝑪 − 𝑷𝒆𝒑𝒕𝒊𝒅𝒆𝟎𝒉 (𝒏𝒎𝒐𝒍𝒍 ) 𝑰𝒏𝒔𝒖𝒍𝒊𝒏𝟎𝒉൘ (𝒏𝒎𝒐𝒍𝒍 ) 

Insulin clearance 
(AUC) [6] 

𝑪 − 𝑷𝒆𝒑𝒕𝒊𝒅𝒆𝑨𝑼𝑪 (𝒏𝒎𝒐𝒍𝒍 ) 𝑰𝒏𝒔𝒖𝒍𝒊𝒏𝑨𝑼𝑪൘ (𝒏𝒎𝒐𝒍𝒍 ) 

Insulinogenic Index 
[2] 

𝑰𝒏𝒔𝒖𝒍𝒊𝒏 𝟏𝒉 − 𝟎𝒉 (𝒑𝒎𝒐𝒍𝒍 )𝑮𝒍𝒖𝒄𝒐𝒔𝒆 𝟏𝒉 − 𝟎𝒉 (𝒎𝒎𝒐𝒍𝒍 ) 

C-Peptidogenic Index 
[2] 

𝑪 − 𝑷𝒆𝒑𝒕𝒊𝒅𝒆 𝟏𝒉 − 𝟎𝒉 (𝒏𝒎𝒐𝒍𝒍 )𝑮𝒍𝒖𝒄𝒐𝒔𝒆 𝟏𝒉 − 𝟎𝒉 (𝒎𝒎𝒐𝒍𝒍 )  

Oral Disposition Index 
(Insulin) [2] 

𝑰𝒏𝒔𝒖𝒍𝒊𝒏𝒐𝒈𝒆𝒏𝒊𝒄 𝑰𝒏𝒅𝒆𝒙 𝑯𝑶𝑴𝑨 − 𝑰𝑹ൗ  
 

Oral Disposition Index 
(C-Peptide) [2] 

𝑪 − 𝑷𝒆𝒑𝒕𝒊𝒅𝒐𝒈𝒆𝒏𝒊𝒄 𝑰𝒏𝒅𝒆𝒙 𝑯𝑶𝑴𝑨 − 𝑰𝑹 (𝑪 − 𝑷𝒆𝒑𝒕𝒊𝒅𝒆)ൗ  
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2. Associations between HMOs and glucose metabolism in the secretor-positive 
subcohort  

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S1: HMOs are associated with glucometabolic parameters in the secretor-positive group 
of the study population. Heatmap shows spearman correlations between the four HMOs 2’FL, LDFT, 3’SL and 
3’SLN and glucose, insulin and C-peptide (at 0h, 1h, 2h post glucose challenge during OGTT) and glucometabolic 
indices. Significant correlations are highlighted with asterisks (*p<0.05, **p<0.01). The sialylated HMOs 3’SL and 
3’SLN showed numerous significant positive associations with glucose, C-peptide and numerous indices at several 
time points, which is similar to the results of the total study group. Additional positive associations were found 
between 2’FL and LDFT and fasting glucose levels in the secretor-positive fraction. Fasting 2’FL and LDFT were 
also found to be negatively associated with HOMA-β and HOMA-β C-Peptide in the secretor-positive subcohort.  
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3. Hierarchical cluster analysis 

 

 

 

 

 

Supplementary Figure S2: Heat map of Hierarchical Clustering. Cluster analysis was performed based on 31 
variables and showed the presence of two distinct clusters within the study group: Cluster 1 (n=28) and Cluster 2 
(n=61). 
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4. Glucometabolic profiles of the two clusters 

 

  

Supplementary Figure S3: Comparison of the glucometabolic profiles between cluster 1 and 2. BMI, body mass 
index (kg/m2 ); SAT, subcutaneous adipose tissue (mm). Significant differences are presented by asterisks (*p<0.05; 
**p<0.03; ****p<0.0001). Cluster 1 and 2 differ significantly in their glucometabolic profiles. BMI, SAT, leptin, HOMA-
IR, HOMA-IR (C-Peptide), HOMA-β and C-Peptide Index I are higher in cluster 1. In contrast, cluster 2 showed 
higher adiponectin, Matsuda, Matsuda C-Peptide, oral disposition index (insulin) and insulin clearance. Significant 
differences between the clusters were determined using Multiple Mann-Whitney with FDR (Benjamini, Krieger and 
Yekutieli). 
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5. Correlations between 3’SL and 3’SLN and glucometabolic indices 

Supplementary Figure S4: Correlations of 3’SL and 3’SLN and glucometabolic indices was different 
in the two metabolic clusters. Area under the curve (AUC) of 3’SL and 3’SLN was used to estimate the 
correlations with glucometabolic indices throughout the 2h-OGTT. 3’SL is correlated with Matsuda C-
Peptide, HOMA-C-Peptide index and ODI in cluster 1 and with fasting insulin clearance (IC) in cluster 
2. 3’SLN is correlated with Matsuda C-Peptide in cluster 1 and with fasting IC in cluster 2. Correlations 
are Spearman correlations with the respective r and p values.  
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