Obesity and insulin resistance trigger the early onset of adolescent-like sexually dimorphic metabotypes in middle childhood
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Supplementary Methods
Metabolomics analysis of plasma and erythrocyte samples
Metabolomics analyses were performed following the methodology described by González-Domínguez et al. [1]. First, aliquots of plasma samples (30 μL) were mixed with 200 μL of cold acetonitrile (4 °C), and vortexed for 3 min for protein precipitation. For cellular lysis, erythrocytes (20 μL) were added to 180 μL of cold extraction solvent containing methanol:acetonitrile:water (5:3:2, v:v:v), and vortexed for 30 min in cold. Then, all samples were centrifuged at 10000 g for 10 min at 4 °C, and supernatants were transferred to injection vials. 

The analyses were carried out in an Agilent 1290 II UHPLC system coupled to an Agilent 6550 iFunnel QTOF-MS equipped with dual Jet Stream electrospray ion (ESI) source (Agilent Technologies, Santa Clara, CA). The chromatographic separations were performed by injecting 2 μL of sample extracts into an Acquity UPLC HSS T3 column (100 × 2.1 mm, 1.8 μm) (Waters, Milford, MA) thermostated at 45 °C. The mobile phases consisted of water (A) and methanol (B), both containing 0.04% formic acid, which were delivered at a flow rate of 0.4 mL/min by applying the following gradient program: 0-6 min, 5%-100% B; 6-10.5 min, 100% B; 10.5-10.51 min, 100%-5% B; 10.51-13 min, 5% B. Mass spectrometry (MS) detection was performed under positive and negative ionization in separate runs, by acquiring full scan spectra in the m/z range 50-1700 Da. Working MS conditions were as follows: capillary voltage, 3500 V; nozzle voltage, 300 V; fragmentor voltage, 175 V; gas temperature, 175 °C; gas flow, 12 L/min; nebulizer pressure, 45 psi; sheath gas temperature, 350 °C; sheath gas flow, 11 L/min. 
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Figure S1. Orthogonal partial least squares discriminant analysis (OPLS-DA) scores plots (left) and VIP-plots (right) showing pairwise comparisons between study groups (i.e., ObIR+, children with obesity and insulin resistance; ObIR-, children with obesity without insulin resistance; CNT, healthy control children) within female subpopulation. 
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Figure S2. Orthogonal partial least squares discriminant analysis (OPLS-DA) scores plots (left) and VIP-plots (right) showing pairwise comparisons between study groups (i.e., ObIR+, children with obesity and insulin resistance; ObIR-, children with obesity without insulin resistance; CNT, healthy control children) within male subpopulation. 
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Table S1. Analytical performance of the chemiluminescent immunoassays employed to determine hormone levels.
	Hormone
	Sensitivity 
(limit of detection)
	Specificity 
(cross-reactivity)
	Repeatability
	Reproducibility

	Follicle-stimulating hormone 
	0.02 mU/mL
	< 0.043% 
	< 2.2%
	< 2.7%

	Luteinizing hormone
	0.04 mU/mL
	< 0.15%
	< 4.3%
	< 4.7%

	17β-Estradiol
	20 pg/mL
	< 0.7%
	< 7.2%
	< 7.7%

	Progesterone
	0.2 ng/mL
	< 4.6%
	< 5.6%
	< 6.1%

	Testosterone
	1.44 ng/dL
	< 12%
	< 3.5%
	< 8.1%

	Androstenedione
	0.05 ng/mL
	NA
	< 5.2%
	< 6.4%

	Dehydroepiandrosterone sulfate
	2.4 µg/dL
	< 0.065%
	< 5.2%
	< 8.0%

	Cortisol
	0.7 µg/dL
	< 2.7%
	< 6.2%
	< 8.0%





Table S2. Differential plasma steroids between children with obesity and insulin resistance (ObIR+), children with obesity without insulin resistance (ObIR-), and healthy control children (CNT) within female (F) and male (M) subpopulations. * Indicates significant differences according to the post-hoc Fisher LSD test (p < 0.05).
	Metabolite
	Mass (Da)
	RT (min)
	MSI level
	Sex
	p value
	p value adjusted
	Fold changes

	
	
	
	
	
	
	
	ObIR+ vs. CNT
	ObIR- vs. CNT
	ObIR+ vs. ObIR-

	Androgens

	Dehydroepiandrosterone sulfate
	368.1657
	5.24
	1
	F
	1.8×10-3
	3.2×10-4
	2.01*
	0.95
	2.11*

	
	
	
	
	M
	3.3×10-3
	5.2×10-3
	2.21*
	1.80*
	1.23

	Testosterone / Androstanedione sulfate (isomer 1)
	368.1657
	5.48
	3
	F
	4.9×10-2
	3.5×10-2
	1.74*
	1.12
	1.56*

	
	
	
	
	M
	2.2×10-2
	8.3×10-2
	1.72*
	1.34
	1.28

	Testosterone / Androstanedione sulfate (isomer 2)
	368.1657
	5.67
	3
	F
	1.9×10-2
	1.4×10-2
	1.84*
	0.96
	1.91*

	
	
	
	
	M
	4.1×10-3
	1.5×10-2
	1.96*
	1.66*
	1.18

	Hydroxydehydroepiandrosterone sulfate (isomer 1)
	384.1607
	4.25
	3
	F
	2.8×10-2
	NS
	1.48*
	0.97
	1.53*

	
	
	
	
	M
	4.9×10-2
	NS
	1.62*
	1.36
	1.19

	Hydroxydehydroepiandrosterone sulfate (isomer 2)
	384.1607
	4.61
	3
	F
	1.2×10-2
	3.0×10-2
	2.17*
	1.07
	2.04*

	
	
	
	
	M
	4.9×10-2
	8.3×10-2
	2.37*
	1.63
	1.46

	Androstenediol sulfate (isomer 1)
	370.1814
	5.03
	3
	F
	9.4×10-5
	1.3×10-4
	3.09*
	1.15
	2.69*

	
	
	
	
	M
	7.8×10-6
	1.8×10-4
	3.80*
	2.97*
	1.28

	Androstenediol sulfate (isomer 2)
	370.1814
	5.95
	3
	F
	5.3×10-3
	6.1×10-3
	1.94*
	1.08
	1.80*

	
	
	
	
	M
	3.5×10-3
	2.1×10-3
	1.91*
	1.47*
	1.30

	Androsterone sulfate
	370.1814
	5.62
	1
	F
	2.8×10-2
	2.1×10-2
	2.37*
	1.88*
	1.26

	
	
	
	
	M
	5.1×10-4
	1.2×10-3
	3.99*
	3.30*
	1.21

	Androstenediol / Dihydrotestosterone / Androsterone disulfate (isomer 1)
	450.1382
	4.35
	3
	F
	7.7×10-5
	1.7×10-4
	2.69*
	1.30
	2.07*

	
	
	
	
	M
	6.1×10-5
	4.7×10-4
	2.63*
	2.35*
	1.12

	Androstenediol / Dihydrotestosterone / Androsterone disulfate (isomer 2)
	450.1382
	4.71
	3
	F
	3.8×10-4
	2.4×10-3
	1.95*
	1.12
	1.74*

	
	
	
	
	M
	2.3×10-3
	2.8×10-3
	1.85*
	1.89*
	0.98

	Androstanediol / Dihydroandrosterone sulfate (isomer 1)
	372.1970
	5.20
	3
	F
	1.8×10-2
	6.2×10-3
	2.13*
	0.85
	2.51*

	
	
	
	
	M
	1.7×10-3
	5.4×10-3
	2.40*
	1.56
	1.54

	Androstanediol / Dihydroandrosterone sulfate (isomer 2)
	372.1970
	5.52
	3
	F
	1.7×10-3
	8.5×10-4
	2.33*
	1.02
	2.28*

	
	
	
	
	M
	1.6×10-4
	1.0×10-3
	2.24*
	1.66*
	1.35

	Androstanediol / Dihydroandrosterone disulfate
	452.1538
	4.51
	3
	F
	4.2×10-3
	4.7×10-2
	2.31*
	1.16
	1.99

	
	
	
	
	M
	8.9×10-3
	1.8×10-2
	2.08*
	1.64
	1.27

	Androstenetriol / Hydroxyandrosterone sulfate
	386.1763
	4.28
	3
	F
	8.7×10-3
	5.1×10-2
	1.93*
	1.03
	1.87*

	
	
	
	
	M
	4.9×10-2
	8.6×10-2
	1.86*
	1.46
	1.28

	Androstenediol / Dihydrotestosterone / Androsterone glucuronide
	466.2567
	5.83
	3
	F
	5.6×10-4
	4.0×10-3
	3.37*
	1.39
	2.43*

	
	
	
	
	M
	NS
	NS
	1.33
	1.47
	0.91

	Androstanediol / Dihydroandrosterone glucuronide
	468.2723
	5.72
	3
	F
	3.6×10-2
	5.7×10-2
	3.69*
	1.56
	2.37

	
	
	
	
	M
	NS
	NS
	2.60
	2.54
	1.02

	Androstenetriol / Hydroxyandrosterone glucuronide
	482.2516
	5.09
	3
	F
	3.5×10-2
	4.5×10-2
	2.18*
	1.38
	1.58

	
	
	
	
	M
	NS
	NS
	1.14
	1.19
	0.96

	Androstenol glucuronide
	450.2646
	6.66
	3
	F
	8.4×10-5
	1.0×10-3
	2.75*
	1.17
	2.34*

	
	
	
	
	M
	1.7×10-3
	1.1×10-3
	2.12*
	2.14*
	0.99

	Estrogens

	Estradiol glucuronide
	448.2097
	5.24
	3
	F
	4.4×10-2
	5.4×10-2
	1.42*
	1.66*
	0.86

	
	
	
	
	M
	NS
	NS
	0.88
	1.02
	0.86

	Progestogens

	Pregnenolone sulfate
	396.1970
	5.79
	1
	F
	4.1×10-2
	NS
	1.38*
	1.09
	1.27

	
	
	
	
	M
	4.8×10-2
	NS
	1.43*
	1.01
	1.41*

	[bookmark: _Hlk152067337]17-Hydroxypregnenolone sulfate
	412.1920
	5.39
	1
	F
	3.2×10-4
	NS
	2.01*
	1.82*
	1.10

	
	
	
	
	M
	4.9×10-2
	NS
	1.82*
	1.37
	1.33

	Hydroxypregnenolone sulfate isomer
	412.1920
	4.91
	3
	F
	9.1×10-4
	1.1×10-2
	1.61*
	0.91
	1.77*

	
	
	
	
	M
	6.9×10-3
	1.2×10-2
	1.61*
	1.19
	1.35

	Hydroxypregnenolone disulfate
	492.1487
	4.56
	3
	F
	1.1×10-2
	4.1×10-4
	1.74*
	1.02
	1.71*

	
	
	
	
	M
	NS
	NS
	1.25
	1.14
	1.09

	Pregnanolone sulfate
	398.2127
	5.65
	3
	F
	7.3×10-3
	2.6×10-2
	1.82*
	1.07
	1.70*

	
	
	
	
	M
	NS
	NS
	1.55
	1.26
	1.23

	Pregnanolone disulfate
	478.1695
	4.62
	3
	F
	4.0×10-2
	7.8×10-2
	1.71*
	1.01
	1.69*

	
	
	
	
	M
	NS
	NS
	1.26
	1.19
	1.06

	Pregnanediol glucuronide
	496.3036
	6.13
	3
	F
	3.3×10-2
	NS
	1.85*
	1.27
	1.45

	
	
	
	
	M
	NS
	NS
	1.12
	1.25
	0.90

	Pregnanetriol sulfate (isomer 1)
	416.2232
	5.47
	3
	F
	5.9×10-3
	4.0×10-3
	1.80*
	1.00
	1.80*

	
	
	
	
	M
	NS
	NS
	0.89
	0.75
	1.20

	Pregnanetriol sulfate (isomer 2)
	416.2232
	5.76
	3
	F
	3.3×10-2
	8.6×10-2
	1.80*
	1.15
	1.57

	
	
	
	
	M
	NS
	NS
	1.35
	1.22
	1.11

	Pregnanetriol sulfate (isomer 3)
	416.2232
	5.88
	3
	F
	7.4×10-4
	1.6×10-2
	1.93*
	1.42
	1.36

	
	
	
	
	M
	NS
	NS
	1.37
	0.98
	1.39

	Pregnanetriol glucuronide
	512.3013
	6.02
	3
	F
	4.1×10-3
	1.7×10-2
	2.46*
	1.65
	1.49

	
	
	
	
	M
	NS
	NS
	0.93
	1.10
	0.85

	Corticosteroids

	Tetrahydrodeoxycorticosterone sulfate (isomer 1)
	414.2076
	4.74
	3
	F
	3.9×10-3
	5.3×10-3
	1.67*
	1.19
	1.41

	
	
	
	
	M
	4.9×10-2
	8.0×10-2
	1.41*
	1.13
	1.24

	Tetrahydrodeoxycorticosterone sulfate (isomer 2)
	414.2076
	5.32
	3
	F
	3.4×10-5
	1.2×10-4
	2.61*
	1.59*
	1.64*

	
	
	
	
	M
	1.7×10-3
	2.0×10-3
	2.26*
	1.82*
	1.24

	Tetrahydrodeoxycorticosterone disulfate
	494.1644
	4.12
	3
	F
	3.9×10-4
	1.1×10-3
	2.56*
	1.38
	1.85*

	
	
	
	
	M
	NS
	4.6×10-2
	1.77
	1.58
	1.12

	Tetrahydrodeoxycorticosterone glucuronide
	510.2857
	5.99
	3
	F
	3.1×10-3
	8.9×10-3
	2.17*
	2.32*
	0.94

	
	
	
	
	M
	NS
	NS
	1.14
	1.04
	1.10

	Dihydrocortisol / Tetrahydrocortisone glucuronide
	540.2571
	5.20
	3
	F
	7.1×10-3
	1.9×10-2
	2.41*
	2.47*
	0.98

	
	
	
	
	M
	1.4×10-3
	1.7×10-3
	1.91*
	2.14*
	0.90

	Cortolone / Tetrahydrocortisol glucuronide (isomer 1)
	542.2727
	5.13
	3
	F
	4.3×10-3
	1.2×10-2
	2.18*
	2.03*
	1.07

	
	
	
	
	M
	3.5×10-2
	3.6×10-2
	1.58*
	1.69*
	0.93

	Cortolone / Tetrahydrocortisol glucuronide (isomer 2)
	542.2727
	5.22
	3
	F
	3.9×10-3
	7.7×10-3
	2.62*
	2.62*
	1.00

	
	
	
	
	M
	1.6×10-4
	1.3×10-3
	2.37*
	2.52*
	0.94





Table S3. Differential plasma metabolites between children with obesity and insulin resistance (ObIR+), children with obesity without insulin resistance (ObIR-), and healthy control children (CNT) within female (F) and male (M) subpopulations. * Indicates significant differences according to the post-hoc Fisher LSD test (p < 0.05).
	Metabolite
	Mass (Da)
	RT (min)
	MSI level
	Sex
	p value
	p value adjusted
	Fold changes

	
	
	
	
	
	
	
	ObIR+ vs. CNT
	ObIR- vs. CNT
	ObIR+ vs. ObIR-

	Glycolytic intermediates

	D-Glucose (or isomer)
	180.0634
	0.72
	1
	F
	NS
	NS
	1.01
	1.02
	0.99

	
	
	
	
	M
	4.4×10-3
	1.4×10-3
	1.13*
	1.12*
	1.00

	D-Deoxyglucitol (or isomer)
	166.0841
	0.92
	3
	F
	NS
	NS
	1.17
	1.22
	0.97

	
	
	
	
	M
	1.2×10-2
	7.5×10-3
	1.38*
	1.01
	1.36*

	Pyruvic acid
	88.0160
	0.82
	1
	F
	NS
	NS
	1.47
	1.42
	1.03

	
	
	
	
	M
	4.1×10-2
	4.1×10-2
	1.56*
	1.78*
	0.88

	Lactic acid
	90.0317
	0.89
	1
	F
	NS
	NS
	1.06
	1.15
	1.05

	
	
	
	
	M
	1.3×10-2
	4.1×10-2
	1.37*
	1.15
	1.19

	N-Lactoyltyrosine
	253.0950
	2.88
	1
	F
	NS
	NS
	1.46
	1.02
	1.43

	
	
	
	
	M
	1.9×10-2
	1.3×10-2
	2.20*
	1.24
	1.78*

	N-Lactoylleucine
	203.1158
	3.83
	1
	F
	NS
	NS
	1.06
	0.97
	1.09

	
	
	
	
	M
	4.2×10-2
	6.3×10-2
	1.54*
	1.63*
	0.95

	Branched-chain amino acids

	L-Valine
	117.0790
	0.87
	1
	F
	NS
	NS
	1.22
	1.18
	1.03

	
	
	
	
	M
	1.5×10-2
	4.9×10-2
	1.25*
	1.34*
	0.94

	L-Leucine
	131.0946
	1.50
	1
	F
	NS
	NS
	1.23
	1.10
	1.12

	
	
	
	
	M
	5.6×10-3
	4.3×10-2
	1.24*
	1.22*
	1.02

	3-Aminoisobutyric acid
	103.0633
	0.71
	1
	F
	NS
	8.1×10-2
	1.23
	1.30
	0.94

	
	
	
	
	M
	2.6×10-3
	4.5×10-2
	1.35*
	1.47*
	0.92

	3-Methyl-2-oxovaleric acid
	130.0629
	2.77
	1
	F
	NS
	NS
	1.42
	0.94
	1.52

	
	
	
	
	M
	1.9×10-2
	3.7×10-3
	1.79*
	1.91*
	0.94

	Aromatic amino acids

	L-Tyrosine
	181.0738
	1.29
	1
	F
	NS
	7.0×10-2
	1.19
	1.16
	1.02

	
	
	
	
	M
	1.4×10-2
	8.7×10-3
	1.30*
	1.24*
	1.05

	Hydroquinone
	110.0367
	1.67
	2
	F
	NS
	NS
	1.01
	0.98
	1.03

	
	
	
	
	M
	3.8×10-2
	6.2×10-2
	1.17*
	1.17*
	1.00

	4-Hydroxyphenylpyruvic acid
	180.0423
	2.06
	1
	F
	NS
	NS
	1.14
	1.06
	1.08

	
	
	
	
	M
	2.2×10-2
	3.8×10-2
	1.30*
	1.54*
	0.84

	Other amino acids

	L-Serine
	105.0426
	0.64
	1
	F
	NS
	NS
	0.95
	1.00
	0.95

	
	
	
	
	M
	4.0×10-2
	4.9×10-2
	0.86*
	0.90
	0.96

	L-Glutamine
	146.0691
	0.66
	1
	F
	NS
	NS
	0.80
	0.82
	0.97

	
	
	
	
	M
	1.5×10-2
	NS
	0.76*
	0.88
	0.86

	L-Proline
	115.0633
	0.74
	1
	F
	NS
	NS
	1.05
	1.00
	1.06

	
	
	
	
	M
	5.3×10-3
	5.1×10-4
	1.13*
	1.03
	1.10

	Ketone bodies

	3-Hydroxybutyric acid
	104.0473
	1.46
	1
	F
	NS
	NS
	0.87
	0.93
	0.94

	
	
	
	
	M
	8.8×10-3
	3.8×10-2
	0.48*
	0.78
	0.61

	Fatty acid oxidation products

	Hydroxyoctanoic acid 
	160.1099
	4.51
	3
	F
	NS
	NS
	0.70
	0.79
	0.88

	
	
	
	
	M
	1.5×10-2
	3.7×10-2
	0.62*
	0.78
	0.79

	Hydroxydecanoic acid
	188.1412
	4.64
	3
	F
	NS
	NS
	1.06
	0.88
	1.21

	
	
	
	
	M
	5.7×10-3
	8.7×10-3
	0.57*
	0.75
	0.76

	Hydroxytetradecenoic acid
	242.1882
	6.41
	3
	F
	NS
	NS
	1.00
	0.90
	1.11

	
	
	
	
	M
	4.2×10-2
	9.8×10-3
	0.73*
	0.72*
	1.01

	N-Acetylglycine
	117.0426
	0.88
	1
	F
	NS
	NS
	0.69
	0.76
	0.91

	
	
	
	
	M
	8.5×10-4
	1.4×10-3
	0.39*
	0.74
	0.53*

	Oxidative stress markers

	[bookmark: _Hlk212631000]4-Hydroxy-3-nitrophenylacetic acid
	197.0324
	3.82
	1
	F
	NS
	NS
	0.86
	0.75
	1.15

	
	
	
	
	M
	2.7×10-2
	7.8×10-3
	1.63*
	0.94
	1.74*

	Phospholipids

	LPC(18:2)
	519.3325
	6.75
	3
	F
	NS
	NS
	0.87
	0.98
	0.89

	
	
	
	
	M
	6.6×10-3
	1.7×10-2
	0.79*
	0.83
	0.95

	LPC(22:6)
	567.3325
	6.86
	3
	F
	NS
	NS
	0.93
	0.90
	1.03

	
	
	
	
	M
	2.7×10-3
	4.5×10-2
	0.75*
	0.76*
	0.98

	LPC(18:1)
	521.3481
	7.15
	3
	F
	1.6×10-2
	1.7×10-3
	0.62*
	0.72
	0.86

	
	
	
	
	M
	1.5×10-2
	5.1×10-4
	0.62*
	0.68*
	0.90

	PC(20:4/20:4)
	829.5622
	8.58
	3
	F
	4.9×10-2
	3.3×10-2
	0.59*
	0.54*
	1.09

	
	
	
	
	M
	2.0×10-2
	2.6×10-2
	0.55*
	0.50*
	1.11

	PC(15:0/22:6)
	791.5465
	8.58
	3
	F
	NS
	NS
	0.79
	0.82
	0.97

	
	
	
	
	M
	1.7×10-2
	4.6×10-2
	0.48*
	0.67
	0.71

	PC(18:1/22:6)
	831.5778
	8.68
	3
	F
	NS
	NS
	0.59
	1.28
	0.46

	
	
	
	
	M
	1.2×10-2
	NS
	0.44*
	0.87
	0.50

	Purines

	Xanthosine 5-triphosphate
	523.9746
	0.70
	2
	F
	6.6×10-3
	6.3×10-2
	0.89*
	0.89*
	1.00

	
	
	
	
	M
	1.5×10-2
	5.2×10-2
	0.88*
	0.85*
	1.03

	Hypoxanthine
	136.0385
	1.21
	1
	F
	8.9×10-3
	1.3×10-2
	1.78*
	1.68*
	1.06

	
	
	
	
	M
	1.2×10-2
	1.4×10-2
	1.63*
	1.78*
	0.92

	Uric acid
	168.0283
	0.88
	1
	F
	1.4×10-2
	3.5×10-2
	1.75*
	1.31
	1.33

	
	
	
	
	M
	NS
	NS
	1.47
	1.49
	0.98

	Bile acids

	7α-Hydroxycholesten-3-one
	400.3341
	7.14
	2
	F
	2.0×10-2
	2.9×10-2
	1.89*
	1.96*
	0.97

	
	
	
	
	M
	NS
	NS
	1.19
	0.98
	1.22

	7α-Hydroxy-3-oxocholestenoic acid
	430.3083
	6.63
	2
	F
	2.7×10-2
	4.9×10-2
	1.13*
	1.07*
	1.06*

	
	
	
	
	M
	NS
	NS
	0.99
	0.96
	1.04

	3β,7α-Dihydroxy-5-cholestenoic acid
	432.3240
	6.58
	3
	F
	5.1×10-5
	3.4×10-3
	1.31*
	1.32*
	0.99

	
	
	
	
	M
	NS
	NS
	1.10
	1.14
	0.97

	Cholic acid
	408.2876
	6.30
	1
	F
	NS
	NS
	1.63
	0.93
	1.75

	
	
	
	
	M
	1.9×10-3
	6.2×10-2
	4.84*
	4.12*
	1.17

	Chenodeoxycholic acid
	392.2927
	6.60
	1
	F
	NS
	6.5×10-2
	1.76
	1.07
	1.65

	
	
	
	
	M
	2.4×10-4
	3.7×10-3
	2.62*
	2.15*
	1.22

	Dietary xenobiotics

	[bookmark: _Hlk212701486]Hydroxyphenylacetic acid sulfate
	232.0042
	2.50
	3
	F
	1.7×10-2
	8.2×10-4
	0.57*
	0.39*
	1.45

	
	
	
	
	M
	NS
	9.4×10-2
	0.73
	0.58
	1.27

	5-(3',4'-Dihydroxyphenyl)-γ-valerolactone 3'-sulfate
	288.0304
	2.68
	1
	F
	2.5×10-2
	5.2×10-3
	0.38*
	0.25*
	1.52

	
	
	
	
	M
	NS
	NS
	0.60
	0.47
	1.27

	Paraxanthine
	180.0647
	2.66
	1
	F
	3.3×10-2
	5.9×10-2
	2.66*
	2.43*
	1.10

	
	
	
	
	M
	NS
	NS
	1.47
	1.37
	1.08


Table S4. Differential erythroid metabolites between children with obesity and insulin resistance (ObIR+), children with obesity without insulin resistance (ObIR-), and healthy control children (CNT) within female (F) and male (M) subpopulations. * Indicates significant differences according to the post-hoc Fisher LSD test (p < 0.05).
	Metabolite
	Mass (Da)
	RT (min)
	MSI level
	Sex
	p value
	p value adjusted
	Fold changes

	
	
	
	
	
	
	
	ObIR+ vs. CNT
	ObIR- vs. CNT
	ObIR+ vs. ObIR-

	Glycolytic intermediates

	Glyceraldehyde 3-phosphate
	169.9980
	0.70
	1
	F
	NS
	NS
	1.06
	1.15
	0.92

	
	
	
	
	M
	4.4×10-2
	NS
	1.63*
	1.40
	1.16

	N-Acetyl-lactosamine
	383.1428
	0.73
	1
	F
	NS
	NS
	1.10
	1.28
	0.96

	
	
	
	
	M
	1.3×10-2
	4.2×10-2
	1.66*
	1.71*
	0.97

	Creatine
	131.0695
	0.72
	1
	F
	NS
	NS
	1.12
	1.00
	1.12

	
	
	
	
	M
	2.5×10-3
	3.5×10-3
	1.16*
	1.23*
	0.95

	Niacinamide
	122.0480
	1.25
	1
	F
	NS
	NS
	1.02
	1.03
	0.98

	
	
	
	
	M
	4.5×10-4
	7.9×10-3
	1.12*
	1.06*
	1.05

	Free fatty acids

	Linoleic acid
	280.2402
	7.10
	1
	F
	NS
	NS
	0.98
	1.19
	0.83

	
	
	
	
	M
	3.6×10-2
	3.2×10-2
	1.97*
	0.91
	2.15*

	Oleic acid
	282.2559
	7.28
	1
	F
	NS
	NS
	0.90
	0.97
	0.92

	
	
	
	
	M
	1.3×10-2
	1.8×10-2
	1.59*
	0.73
	2.19*

	Branched-chain amino acids

	L-Isoleucine
	131.0946
	1.42
	1
	F
	4.9×10-2
	9.8×10-2
	1.23*
	1.16
	1.06

	
	
	
	
	M
	2.3×10-2
	5.5×10-2
	1.35*
	1.23
	1.10

	[bookmark: _Hlk212626698]3-Methyl-2-oxobutyric acid
	116.0473
	1.94
	1
	F
	3.5×10-2
	NS
	2.05*
	1.64
	1.25

	
	
	
	
	M
	2.2×10-2
	2.6×10-2
	1.98*
	1.09
	1.82*

	2-Hydroxy-3-methylbutyric acid
	118.0630
	2.67
	1
	F
	2.5×10-2
	3.8×10-2
	1.71*
	1.55*
	1.10

	
	
	
	
	M
	4.9×10-2
	NS
	1.95*
	1.14
	1.71*

	3-Methyl-2-oxovaleric acid
	130.0629
	2.92
	1
	F
	1.0×10-2
	NS
	2.01*
	1.64
	1.23

	
	
	
	
	M
	4.8×10-2
	2.8×10-2
	1.99*
	1.31
	1.52

	4-Methyl-2-oxovaleric acid
	130.0629
	3.08
	1
	F
	2.3×10-2
	NS
	1.99*
	1.70
	1.17

	
	
	
	
	M
	2.8×10-2
	1.1×10-2
	1.99*
	1.14
	1.75*

	Aromatic amino acids

	4-Hydroxyphenyllactic acid
	182.0579
	2.61
	1
	F
	5.6×10-3
	5.0×10-3
	1.45*
	1.19
	1.21

	
	
	
	
	M
	4.7×10-3
	1.4×10-2
	1.61*
	1.20
	1.34*

	Other amino acids

	L-Threonine
	119.0582
	0.70
	1
	F
	NS
	NS
	1.21
	1.20
	1.01

	
	
	
	
	M
	3.2×10-2
	5.9×10-2
	1.65*
	1.18
	1.40*

	L-Alanine
	89.0477
	0.71
	1
	F
	NS
	NS
	1.15
	1.10
	1.05

	
	
	
	
	M
	1.2×10-2
	1.1×10-2
	1.26*
	1.20*
	1.05

	L-Glutamic acid
	147.0532
	0.69
	1
	F
	NS
	NS
	1.10
	1.08
	1.02

	
	
	
	
	M
	4.1×10-2
	2.6×10-2
	1.40*
	1.16
	1.21

	L-Proline
	115.0633
	0.74
	1
	F
	NS
	NS
	1.25
	1.18
	1.06

	
	
	
	
	M
	2.9×10-2
	6.9×10-2
	1.67*
	1.42
	1.18

	N-Acetylspermine
	244.2263
	0.58
	1
	F
	NS
	NS
	1.03
	1.11
	0.92

	
	
	
	
	M
	3.2×10-2
	7.9×10-2
	1.25*
	1.10
	1.14

	Proteolytic byproducts

	Asparaginyl-leucine (or isomer)
	245.1376
	1.34
	3
	F
	NS
	NS
	1.16
	1.16
	1.00

	
	
	
	
	M
	1.8×10-2
	3.4×10-2
	2.00*
	1.05
	1.91*

	Glutamyl-leucine (or isomer)
	260.1372
	1.60
	3
	F
	NS
	NS
	1.17
	0.87
	1.35

	
	
	
	
	M
	3.4×10-2
	2.3×10-2
	1.53*
	1.04
	1.47*

	Leucyl-alanine
	202.1317
	1.65
	1
	F
	NS
	NS
	1.44
	1.05
	1.37

	
	
	
	
	M
	4.1×10-2
	5.1×10-2
	2.07*
	1.14
	1.82*

	Leucyl-glycine
	188.1161
	1.69
	1
	F
	NS
	NS
	1.43
	1.25
	1.15

	
	
	
	
	M
	1.8×10-2
	2.1×10-2
	1.84*
	0.93
	1.97*

	Valyl-valine
	216.1474
	1.77
	2
	F
	NS
	NS
	1.28
	0.96
	1.34

	
	
	
	
	M
	4.8×10-2
	9.6×10-2
	2.02*
	1.11
	1.82*

	Aspartyl-phenylalanine (or isomer)
	280.1059
	1.85
	3
	F
	NS
	NS
	1.53
	1.28
	1.20

	
	
	
	
	M
	1.9×10-2
	4.2×10-2
	1.83*
	1.22
	1.50

	Seryl-leucine (or isomer)
	218.1267
	1.95
	3
	F
	NS
	NS
	1.19
	1.12
	1.06

	
	
	
	
	M
	1.4×10-2
	3.2×10-2
	1.75*
	1.10
	1.60*

	Threonyl-leucine (isomer 1)
	232.1423
	2.08
	3
	F
	NS
	NS
	1.68
	0.84
	2.00

	
	
	
	
	M
	4.1×10-2
	2.9×10-2
	2.79*
	1.40
	2.00

	Threonyl-leucine (isomer 2)
	232.1423
	2.20
	3
	F
	NS
	NS
	1.69
	1.30
	1.30

	
	
	
	
	M
	1.3×10-2
	2.9×10-2
	2.59*
	1.12
	2.31*

	Glycyl-leucine
	188.1161
	2.13
	1
	F
	NS
	NS
	1.56
	1.64
	0.95

	
	
	
	
	M
	2.1×10-2
	1.5×10-2
	2.16*
	0.83
	2.61*

	Prolyl-leucine (or isomer)
	228.1474
	2.32
	3
	F
	NS
	NS
	1.24
	1.40
	0.89

	
	
	
	
	M
	1.5×10-2
	2.5×10-2
	1.72*
	0.99
	1.74*

	Leucyl-valine
	230.1630
	2.43
	1
	F
	NS
	NS
	1.78
	0.88
	2.03

	
	
	
	
	M
	4.6×10-2
	3.9×10-2
	2.61*
	1.22
	2.14*

	Threonyl-phenylalanine (or isomer)
	266.1267
	2.50
	3
	F
	NS
	NS
	1.78
	1.41
	1.26

	
	
	
	
	M
	3.4×10-2
	3.3×10-2
	2.72*
	1.07
	2.54*

	N-Acetylmethionine
	191.616
	2.69
	1
	F
	NS
	NS
	1.13
	1.27
	0.89

	
	
	
	
	M
	4.3×10-2
	6.1×10-2
	1.67*
	1.18
	1.41

	Tricarboxylic acid cycle intermediates

	Succinic acid
	118.0266
	1.40
	1
	F
	4.0×10-2
	NS
	1.54*
	1.46
	1.06

	
	
	
	
	M
	1.9×10-2
	3.3×10-2
	1.65*
	1.49*
	1.11

	2-Hydroxyglutaric acid
	148.0372
	1.11
	1
	F
	NS
	NS
	1.10
	0.91
	1.20

	
	
	
	
	M
	4.6×10-4
	1.7×10-3
	1.64*
	1.10
	1.49*

	Carnitine precursors

	3-Hydroxy-trimethyllysine
	205.1552
	0.61
	2
	F
	NS
	NS
	1.14
	1.13
	1.01

	
	
	
	
	M
	4.9×10-2
	7.5×10-2
	1.20*
	1.25*
	0.96

	3-Dehydroxycarnitine
	145.1103
	0.70
	1
	F
	NS
	NS
	1.01
	1.01
	1.00

	
	
	
	
	M
	6.5×10-3
	5.1×10-3
	1.14*
	1.25*
	0.92

	Oxidative stress markers

	[bookmark: _Hlk212630981]Cysteinyl-glycine
	178.0412
	0.96
	1
	F
	NS
	NS
	1.20
	1.12
	1.07

	
	
	
	
	M
	2.9×10-2
	6.8×10-2
	1.29*
	1.16
	1.11

	4-Oxononenal glutathione
	461.1832
	4.25
	2
	F
	NS
	NS
	1.11
	1.16
	0.95

	
	
	
	
	M
	2.2×10-3
	5.7×10-3
	1.22*
	1.38*
	0.89

	Adrenochrome / Adrenolutin
	179.0582
	4.60
	3
	F
	NS
	NS
	1.19
	1.04
	1.14

	
	
	
	
	M
	1.0×10-2
	2.5×10-2
	1.29*
	1.43*
	0.91

	Adrenochrome / Adrenolutin
	179.0582
	4.74
	3
	F
	NS
	NS
	1.15
	1.04
	1.11

	
	
	
	
	M
	2.2×10-2
	4.1×10-2
	1.25*
	1.36*
	0.91

	Phospholipids

	PC(14:0/18:2)
	729.5309
	8.32
	3
	F
	NS
	NS
	1.21
	1.13
	1.07

	
	
	
	
	M
	2.9×10-2
	2.1×10-2
	1.67*
	1.50*
	1.11

	PC(16:0/16:1)
	731.5465
	8.57
	3
	F
	NS
	NS
	1.19
	1.12
	1.07

	
	
	
	
	M
	5.0×10-3
	3.6×10-2
	1.67*
	1.74*
	0.96

	PC(16:0/20:4)
	781.5622
	8.60
	3
	F
	NS
	NS
	1.12
	1.20
	0.93

	
	
	
	
	M
	2.5×10-2
	4.0×10-2
	1.28*
	1.21
	1.06

	PE(P-18:1/20:4)
	749.5359
	8.82
	3
	F
	NS
	4.1×10-2
	0.90
	0.83
	1.08

	
	
	
	
	M
	4.1×10-2
	5.9×10-2
	0.85*
	0.92
	0.92

	PE(18:1/18:1)
	743.5465
	9.02
	3
	F
	2.0×10-2
	1.2×10-2
	0.80*
	0.80*
	1.00

	
	
	
	
	M
	4.9×10-2
	2.5×10-2
	0.85*
	1.01
	0.84*

	PE(P-18:0/18:1)
	729.5672
	10.01
	3
	F
	NS
	NS
	0.83
	0.98
	0.85

	
	
	
	
	M
	4.0×10-2
	7.2×10-2
	0.69*
	0.85
	0.81

	Purines

	Uric acid
	168.0283
	0.94
	1
	F
	8.1×10-3
	1.4×10-2
	3.12*
	1.46
	2.14*

	
	
	
	
	M
	NS
	NS
	1.49
	1.11
	1.34

	5-Hydroxyisouric acid
	184.0232
	0.94
	2
	F
	3.6×10-3
	8.2×10-3
	1.70*
	1.37
	1.24

	
	
	
	
	M
	NS
	NS
	1.13
	0.92
	1.23
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