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A MULTIPLATFORM NON-TARGETED METABOLOMICS APPROACH 
TO INVESTIGATE INSULIN RESISTANCE ASSOCIATED TO  

OBESITY IN CHILDHOOD 

INTRODUCTION 

HYPOTHESIS 
The use of metabolomic techniques could be a suitable approach to investigate the relationship between obesity and IR. 

Increased fasting or post-OGTT glucose levels are used for the diagnosis of obesity-associated 
carbohydrate metabolism impairment in adults. However, in obese children hyperinsulinism as a 
consequence of insulin resistance (IR) is usually found much earlier than the rise in glycemia. In 
childhood obesity, huge variations in fasting and postprandial insulinemia are observed for a given BMI, 
even in age, sex and ethnic controlled comparisons. This suggests the existence of predisposing factors 
for obesity associated IR that remain unclear to date.  

BIOLOGICAL MODEL 

• Pre-pubertal obese children 
• Between 5 and 13 years 
• 30 males and 30 females 
• 30 insulin and 30 non-insulin 

resistant 

DATA ACQUISITION 

LC-MS CE-MS GC-MS 

• Small  
• Thermal stable 
• Volatile  and 

volatile after 
derivatization 

• Universal 
• Intermediate - low polarity  
• High molecular mass  
• Hydrophilic  
• Hydrophobic 

• Small and polar 
• Charged molecules 

CEMBIO protocols [1-2]  

DATA TREATMENT 
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DATA QUALITY CHECK  (PCA models) 

GC-MS 

R2 = 0.75   Q2 = 0.37 

LC-MS (+) 

R2 = 0.14     Q2 = 0.03 

LC-MS (-) 

R2 = 0.34   Q2 = 0.04 

- ●  ALL samples     -     Quality Control samples 

CE-MS 

R2 = 0.36   Q2 = 0.18 

STATISTICAL DATA ANALYSIS 

Univariate data analysis (MATLAB) Multivariate data analysis ( SIMCA- P+ 12.0.1.0) 

vs. 

IR No IR 

1. Feature finding 

2. Alignment 
and filter by 
frequency 

LC and CE 

1. Deconvolution 
and 
identification 

2. Alignment 
and filter by 
frequency 

GC 

SUMMARY & CONCLUSION 
 Bile acids and their derivatives represented the most prominent changes indicating the great impact of the gut microbiota on the host metabolism 
 Central carbon metabolism and inflammation were the most altered processes in obese children with IR 
 Subtle differences were highlighted between groups; these changes were unexpectedly magnified by pre-pubertal sex differences 
 Metabolomics is a powerful tool to unveil alterations in metabolic conditions even at their early stage in order to provide new information for an adequate 

monitoring of predisposing factors in the obesity associated IR condition. 

- ●  No IR     - ●  IR 
IR vs. No IR Only girls IR vs. No IR 

OPLS-DA models  (LC-MS) 

A. R2 = 0.60  Q2 = 0.26 
B. R2 = 0.98  Q2 = 0.73  
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METABOLITE 
IDENTIFICATION 

LC and CE 
 Accurate  masses matched 

in public databases 
(METLIN,LIPID MAPS,KEGG) 
and CEU mass mediator 

 

 Isotopic pattern distribution  
 Formula matching 
 

 MS/MS analysis (LC) 
 
 

 
 
 
 
 

 
GC 

 Retention Time, Retention 
Index and mass 
fragmentation patterns 
matched in NIST mass 
spectral library and Fiehn 
RTL library 

e.g. LysoPE(16:0) 

CENTRAL CARBON METABOLISM 

INFLAMMATION 

 Biliverdin IX  ↔ Bilirubin 

 Lysophospholipids  
(LPE, LPC,LPS,LPI) GUT MICROFLORA 

LysoPL 

extracellular signaling Phospholipase A2  

 Piperidine 

Glycochenoeoxycholic 
acid 

Litocholic acid 

Chenoedoxycholic acid 

Microbiota  

Taurocholic acid 

Taurodeoxycholic 
acid 

Deoxycholic acid 

Cholic acid 

Microbiota  
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biomarkers 

 Bile acids 

TCA cycle 

2-oxoglutarate 

Glutamate 

Arginine 

Citrate 

Oxalacetate 
Aspartate 
+ Arginine 

Alanine 

Lactate 

Acetylcarnitine β-hydroxybutyrate 

Glycolysis     

Acetyl-CoA 

Pyruvate 

Proline  

Branched chain 
aminoacids 

Valine 

Leucine 

Phenylalanine  

Isoleucine  

Tryptophan  

Tyrosine 

mTOR/S6K1   
IRS-1ser-P 

IR 

No IR IR 

BIOLOGICAL 
INTERPRETATION 
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OBJECTIVES 
Our aim was to use a multiplatform metabolomics 
approach to elucidate the metabolic alterations in 
obese children with or without IR. In addition, we 
aimed to employ this revolutionary strategy to  
interpret the interaction of genetic and environmental 
factors by studying the final process of IR.  
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