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Introduction: While obesity is deemed as a risk factor for the development of cardiometabolic diseases, it is now recognized 
that individuals in the same body mass index (BMI) category can have substantial heterogeneity of metabolic features, such 
as lipid profile, glucose tolerance and blood pressure. Recent interest has focused on a unique subgroup of “metabolically 
healthy” obese individuals (MHO) with normal metabolic features despite increased adiposity. Throughout an original and 
multidisciplinary approach, the present study explores the inflammatory and glycosylation profile of biological fluids as well as 
some snapshots on the metabolic fingerprints with the aim to highlight slight, not easily detectable, differences needed to better 
stratify individuals in the clinical setting of obesity.

Methods: 34men with severe obesity (BMI >40 kg/m2) have been enrolled and subdivided into MHO (n=10) and “metabolically 
unhealthy” obese subjects (MUO; n=24). MHO subjects have been defined by normal values for blood pressure, fasting 
glycaemia and lipid profile. Urine, serum and saliva were collected and used for biochemical and analytical analysis. A panel 
of 17cytokines were analyzed in both plasma and urine. Comprehensive two-dimensional gas chromatography combined with 
time of flight mass spectrometry (GC×GC-TOFMS) featuring hard and soft ionization in tandem was used to study changes in 
saliva metabolic signatures. Multiplexed lectin microarray profiling for carbohydrates on proteins derived from human saliva, 
plasma and urine has been undertaken. 

Results: The groups did not differ in terms of age (MHO: 38±16; MUO: 49±10) and BMI (MHO: 43,30±5,51and MUO: 
41,62±8,55). A tendency to higher levels of selected cytokines (IL-4; IL-5; IL-6; IL-8; TNF-a) were recorded in both plasma and 
saliva of MUO when compared to MHO. The majority of the measured cytokines showed higher concentrations in saliva than 
plasma, whereas IL-10 and MIP-1beta reached the highest concentration in plasma. We found significant positive correlations 
between salivary IL-5or IL-6and BMI. Other positive correlations were recorded between salivary IL-4and ALT as well as 
between IL-12and insulin. Similarly, we found significant positive correlations between p IL-8and either HbA1c and AST as well 
as between IL-4and LDL. Saliva metabolic fingerprints were captured by GC×GC-TOF MS after samples derivatization. The 
complexity of saliva metabolic snapshots included about 800 2D peak-regions corresponding to known and unknown chemical 
features. Supervised chemometrics, by Fisher ratio, enabled a selection of about 50 discriminant features that, over 800, were 
capable of independently clusterize MHO and MUO populations. Within the most discriminant features, maltose and glyceric 
acid were found to be more abundant in MHO while N-acetylglucosamine and urea in MUO. 
Glycosylation profiles were established by observing interactions between 48lectins of varying specificities and labelled 
glycoproteins and vesicles isolated from biofluids. After normalization, the overall differences in the glycoprofile of proteins and 
extracellular vesicles from MHO and MUO subjects were substantial enough to show trends pointing to alterations of sialylation 
and distal galactose and N-acetylgalactosamine.

Discussion and conclusion: Metabolites patterns showing statistically relevant differences between groups were delineated 
through different chemometrics approaches. Tendency to clusterization as well as positive correlations with clinical outcomes 
of cardiometabolic derangements were recorded for selective cytokines, low-molecular weight chemical entities as well as 
glycoproteins and vesicles. This approach might be useful in the clinical practice to design intervention strategies tailored 
towards the metabolic profile of individuals. 


