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Supplementary Table S1: Sources of advanced glycation end products determined in the current 
study 

 Non-enzymatic 
glycation 

Reactive α-dicarbonyls Glycoxidation reactions 
 MGO GO 3-DG 
MG-H1  •  •    
CML  •  • •  • 
CEL  •  •    
Pentosidine   •   •  • 

 

Different metabolic routes lead to the formation of advanced glycation end products (AGEs) of 
identical structures. All determined AGEs may be formed via nonenzymatic glycation. Methylglyoxal 
(MGO) modifies arginine residues to form MGO-derived hydroimidazolone-1 (MG-H1) and lysine 
residues to form Nε-(carboxyethyl)lysine (CEL). 3-deoxyglucosone (3-DG) is a precursor of Nε-
(carboxymethyl)lysine (CML) and pentosidine; glyoxal (GO) of CML. CML and pentosidine may be 
produced via glycoxidation reactions [2–5]. 

 

Supplementary Table S2: Correlation between the activity of semicarbazide-sensitive amine oxidase 
(SSAO) and methylglyoxal (MGO) and MGO-derived advanced glycation end products (AGEs) in males  

 Log MGO Log f-MG-H1 f-CEL Log u-MG-H1 Log u-CEL Pb-MG-H1 Log pb-CEL 
r -0.056 0.140 0.067 0.156 0.056 -0.005 0.127 
p 0.545 0.128 0.451 0.094 0.552 0.957 0.168 

f free, MG-H1 methylglyoxal-derived hydroimidazolone, CEL Nε-(carboxyethyl)lysine, u urinary, pb protein-
bound 

  



Supplementary Table S3: Sex-associated alterations in α-dicarbonyls-AGEs-sRAGE axis in insulin resistance 
 

Glycemia, Fructosamines: Sex diff: ↓ F vs. M; IR effect: ↑ IR M; ↑ IR F 
Insulinemia: Sex diff: ↔, ↔; IR effect: ↑ IR M; ↑ IR F 

QUICKI: Sex diff: ↔, ↔; IR effect: ↑ IR M; ↑ IR F 
 sVAP-1:  Sex diff: ↔, ↔; 
 IR effect: ↑ IR F, ↑ IR M  

  

MGO:  Sex diff: ↓ F vs. M;  
IR effect: ↔, ↔ 

GO:  Sex diff: ↓ F vs. M; 
IR effect: ↑ IR F •, ↔ 

3-DG: Sex diff: ↓ F vs. M;  
IR effect: ↑ IR F •, ↑ IR M •  

u-D-lactate: Sex diff: ↑F vs. M; IR effect: ↔, ↔   
f-MG-H1: Sex diff: ↓ F vs. M; 

 IR effect: ↑ IR F•, ↑ IR M  
f-CEL:  Sex diff: ↓ F vs. M;  
IR effect: ↑ IR F•, ↑ IR M 

f-CML: Sex diff: ↓ F vs. M;  
IR effect: ↔, ↔ 

 

u-MG-H1: Sex diff: ↑F vs. M;  
IR effect: ↑ IR F•, ↑ IR M  

u-CEL: Sex diff: ↑F vs. M;  
IR effect: ↑ IR F, ↑ IR M 

u-CML:  Sex diff: ↑F vs. M;  
IR effect: ↔, ↔ 

 

FEMG-H1: Sex diff: ↑F vs. M;  
IR effect: ↔, ↔ 

FECEL: Sex diff: NS;  
IR effect: ↔, ↔ 

FECML: Sex diff: ↑F vs. M;  
IR effect: ↑ IR F, ↑ IR M 

 

    
Pb-MG-H1: Sex diff * IR effect: 

↑ IR F vs. IR M, ↓ IR M vs. IS M•  
Pb-CEL: Sex diff: ↑F vs. M;  

IR effect: ↑ IR F•,  ↔  
Pb-CML: Sex diff: ↑F vs. M;  

IR effect: ↔, ↔  
Pb-pent: Sex diff: ↔, ↔; 
IR effect: ↑ IR F, ↑ IR M  

cRAGE: Sex diff: NS; IR effect: ↓ IR F, ↑ IR M• 
esRAGE: Sex diff: ↓ F vs. M; IR effect: : ↓ IR F, ↔ 

 

 

IR subjects of both sexes present higher fasting glycemia and insulinemia compared with their IS peers. Higher fructosamine levels corroborate the elevation 
of glycemia over a longer period. In response to elevated glycemia, sVAP-1 levels increase to stimulate glucose uptake into target tissues [38]. SVAP-1/SSAO 
converts aminoacetone into MGO [39]. Despite the direct correlation between sVAP-1 protein mass and SSAO activity [40], MGO concentrations did not differ 
between IS and IR subjects. This corroborates that threonine metabolism is not altered in insulin resistance [41,42]; acetoacetone remains a minor source of 
MGO unless the supply of threonine is increased. The glyoxalase system rapidly detoxifies MGO into D-lactate [3]. Similar urinary D-lactate excretions in IS 
and IR subjects indicate that the flux of MGO through the glyoxalase system is not increased in insulin resistance. However, higher serum f-MG-H1 and f-CEL 



levels and their higher urinary excretion indirectly point to higher production of MGO in the IR state. 
Higher GO levels in IR females were not associated with increased f-CML levels or higher renal 
excretion of CML, probably reflecting that CML is also produced via several other metabolic pathways. 
Higher fractional excretion of CML corroborates that the kidney regulates the handling of f-AGEs [49]. 
Among the 3 investigated α-dicarbonyls, only 3-DG was increased in IR subjects; and was accompanied 
by a mild rise in minor AGE – pentosidine in IR males. While the levels of pb-CML were similar in IS and 
IR subjects, those of pb-MG-H1 (the dominant pb-AGE) were lower in IR males and pb-CEL 
concentrations were higher in IR females compared with their IS counterparts. Mechanisms behind 
these sex differences remain unclear, as protein turnover rate is similar in adolescent males and 
females [57], and our IR males and females presented with a similar QUICKI. In males, insulin resistance 
was associated with higher cRAGE levels. 
Sex diff. sex differences, IR insulin-resistant, M males, F females, ↑ increased, ↓ decreased, ↔ not affected 
significantly, • significant predictor of the quantitative insulin sensitivity check index (QUICKI) in the multivariate 
analysis using the model of the orthogonal projections to latent structures (OPLS), sVAP-1 soluble vascular 
adhesion protein-1, SSAO semicarbazide-sensitive amino oxidase, MGO methylglyoxal, GO glyoxal, 3-DG 3-
deoxyglucosone, f free, MG-H1 methylglyoxal-derived hydroimidazolone, CEL Nε-(carboxyethyl)lysine, CML Nε-
(carboxymethyl)lysine, pb protein-bound, pent pentosidine, u urinary, FE fractional excretion, cRAGE cleaved 
soluble receptor for advanced glycation end-products, esRAGE endogenous secretory receptor for advanced 
glycation end-products, NS not significant 
 
 
 
  



Supplementary Figure S1: Multivariate regression if independent variables on the quantitative insulin 
sensitivity check index (QUICKI) using the orthogonal projections to latent structures model in males 
(A) and females (B) and plots of variables importance for the projection (VIP) in males (C) and females 
(D) 
A                                                                                                      B 

 
 
Loading scatter plot displays the relationship between independent x-variables variables (green circles) 
and the dependent y-variable (QUICKI, blue circle). Independent variables situated in the vicinity of the 
dependent variable QUICKI show a positive relationship with QUICKI (e.g., MGH1LYS – protein-bound 
MGH-1 in Fig. 1A), while those on the opposite site far to the left inversely correlate with QUICKI (e.g., 
@3DG – 3-deoxyglucosone).  
C                                                                                                      D 

 
The VIP plot summarizes the importance of the variables to correlate with QUICKI, sorted from high 
to low, and shows 95% confidence intervals for the VIP. Variables with VIP ≥1.00 are considered 
significant. 

@3DG 3-deoxyglycosone, MGH1LYS protein-bound methylglyoxal-derived hydroimidazolone, cMSS4 
continuous metabolic syndrome score without glycemia, Fructo fructosamine, TBF total body fat, HDL high 
density lipoprotein cholesterol, cRAGE cleaved receptor for advanced glycation end products, GO glyoxal, MGO 
methylglyoxal, CMLLYS protein-bound Nε-(carboxymethyl)lysine, CELLYS protein-bound Nε-(carboxyethyl)lysine, 
TBARS thiobarbituric acid reactive substances, VAP1 soluble vascular adhesion protein-1, CML free Nε-
(carboxymethyl)lysine, MGH1 free methylglyoxal-derived hydroimidazolone, MGH1Crea urinary methylglyoxal-
derived hydroimidazolone/creatinine, CEL free Nε-(carboxyethyl)lysine, hsCRP high sensitive C reactive protein, 
CELCrea urinary Nε-(carboxyethyl)lysine/creatinine, CMLCrea urinary Nε-(carboxymethyl)lysine/creatinine, 
PentLYS protein-bound pentosidine 
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