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[Abstract] Objective: To investigate the metabolic profiles of blood amino acids, carnitines, and succinylacetone in neonates,
analyze their influencing factors, and identify differential metabolites and metabolic pathways between preterm and full-term infants,
thereby providing a basis for clinical intervention in preterm infants. Methods: A total of 19 599 neonates delivered at medical and
healthcare institutions in Huai” an City, Jiangsu Province from July 2023 to June 2024 were enrolled. According to gestational age, they
were divided into two groups: the preterm group (28 weeks<gestational age<37 weeks, n=1 107) and the full-term group (37 weeks <
gestational age < 42 weeks, n=18 492). Dried blood spot samples were collected within 7 days after birth. Tandem mass spectrometry
was used to measure blood metabolic parameters. Spearman rank correlation analysis was applied to examine the correlations among
sex, gestational age, birth weight, and metabolic parameters. The ¢ test and partial least squares discriminant analysis (PLS-DA) were
used to identify significantly different metabolites between the two groups, and the intersection of the differential metabolites obtained

by the two methods was selected as potential biologically significant biomarkers. Pathway enrichment analysis was performed using the
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Kyoto Encyclopedia of Genes and Genomes (KEGG) database to identify differential metabolic pathways. Results: Multiple blood
amino acids and carnitine metabolic parameters were significantly correlated with neonatal sex, gestational age; and birth weight(P < 0.05).
A total of 18 significantly different metabolites were identified between preterm and full -term infants. Of them, 8 metabolites were
upregulated in the preterm group, including free carnitine (CO) , arginine (Arg) , and phenylalanine (Phe) ; 10 metabolites were
downregulated, including alanine (Ala) , glycine (Gly) , and decanoylcarnitine (C10). These differential metabolites were involved in
17 metabolic pathways, including arginine and proline metabolism; phenylalanine, tyrosine and tryptophan biosynthesis; phenylalanine
metabolism; biosynthesis of unsaturated fatty acids; fatty acid degradation; and fatty acid biosynthesis. Conclusion: Blood amino acid

and carnitine levels in neonates are significantly correlated with sex, gestational age, and birth weight. There are distinct metabolic

differences between preterm and full-term infants, which may affect amino acid and fatty acid metabolic processes.

[Key words] metabolomics; preterm infant; amino acid; carnitine; newborn screening; tandem mass spectrometry
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Table 1 Analysis of factors related to neonatal blood metabolites

Sex Gestational age Birth weight
Metabolic indicator
r P r P r P
Ala 0.092 <0.001 0.108 <0.001 0.013 0.067
Arg -0.028 <0.001 -0.104 <0.001 -0.008 0.236
Cit 0.077 <0.001 0.004 0.617 -0.044 <0.001
Gly 0.120 <0.001 0.057 <0.001 -0.016 0.027
Leu 0.083 <0.001 -0.051 <0.001 0.007 0.314
Met 0.098 <0.001 -0.021 0.004 0.043 <0.001
Orn 0.055 <0.001 0.058 <0.001 -0.019 0.007
Phe 0.022 0.002 -0.081 <0.001 0.003 0.684
Pro 0.059 <0.001 0.051 <0.001 -0.021 0.003
Tyr 0.063 <0.001 -0.062 <0.001 -0.008 0.280
Val 0.111 <0.001 0.025 <0.001 0.048 < 0.001
Cco -0.088 <0.001 -0.092 <0.001 -0.069 <0.001
Cc2 -0.101 <0.001 -0.001 0.872 0.022 0.002
C3 -0.039 <0.001 -0.004 0.621 0.155 <0.001
C3DC+C40H -0.022 0.002 -0.053 <0.001 <0.001 0.974
Cc4 0.117 <0.001 -0.064 <0.001 -0.056 <0.001
C4DC+C50H -0.109 <0.001 0.027 <0.001 0.057 <0.001
C5 0.151 <0.001 -0.204 <0.001 -0.099 <0.001
C5:1 0.022 0.002 -0.068 <0.001 -0.006 0.369
C5DC+C60H -0.023 0.001 0.022 0.002 0.068 <0.001
Co6 -0.062 <0.001 0.027 <0.001 -0.021 0.004
Cc6DC 0.094 <0.001 0.061 <0.001 0.019 0.007
C8 -0.094 <0.001 -0.065 <0.001 -0.048 <0.001
C8:1 -0.034 <0.001 0.108 <0.001 0.044 <0.001
C10 -0.070 <0.001 0.050 <0.001 0.001 0.882
C10:1 -0.101 <0.001 0.125 <0.001 -0.024 <0.001
C10:2 -0.057 <0.001 0.007 0.328 -0.030 <0.001
C12 -0.067 <0.001 0.149 <0.001 0.039 <0.001
Cl2:1 -0.041 <0.001 0.145 <0.001 0.054 <0.001
Cl4 -0.146 <0.001 0.088 <0.001 0.041 <0.001
Cl4:1 -0.065 <0.001 0.103 <0.001 0.031 <0.001
Cl4:2 -0.073 <0.001 0.024 <0.001 -0.059 <0.001
C140H -0.027 <0.001 0.147 <0.001 0.059 <0.001
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Sex Gestational age Birth weight
Metabolic indicator
r P r P r P
Cl6 -0.085 <0.001 0.138 <0.001 0.121 <0.001
Cl6:1 -0.083 <0.001 0.102 <0.001 0.093 <0.001
C16:10H -0.093 <0.001 0.125 <0.001 0.035 <0.001
C160H -0.062 <0.001 0.059 <0.001 0.047 <0.001
C18 -0.017 0.015 0.064 <0.001 0.048 <0.001
C18:1 -0.107 <0.001 -0.002 0.738 0.030 <0.001
C18:10H -0.075 <0.001 0.074 <0.001 0.040 <0.001
C18:2 -0.113 <0.001 -0.147 <0.001 -0.085 <0.001
C180H -0.010 0.142 0.178 <0.001 0.096 <0.001
SA 0.002 0.818 0.019 0.008 0.017 0.020

23 FAILE R AU RfHE 5 5 A
23.1  EFRiM ik R——F f AT

2 eI i 22 AR, ik 2 v P < 0.05,
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Figure 1 Volcano plot of differential metabolites identified through univariate analysis between the preterm group and the

full-term group
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Table 2 Differential metabolites identified through univar-

iate analysis between preterm and full-term infants

Metabolic Preterm group Full-term group P
indicator (n=1107) (n=18 492)
Ala 255.664 £ 63.524 289.724 + 74.669 < 0.001
Arg 15978 £ 12.572  10.769 £ 8.185 < 0.001
Gly 367.539 £ 94.532 388.040 + 88.311 <0.001
Leu 162.370 £44.135 152.114 £35.730 <0.001
Met 24441 £7.198  23.630+6.031 <0.001
Orn 94.659 +29.880 100.357 +27.693 <0.001
Phe 57.001 £ 14.481 52.071 £ 10.984 <0.001
Pro 167.351 £42.755 174.239 + 38.218 < 0.001
Tyr 109.343 £ 50.799  95.831 +£35.598 < 0.001
Cco 24.653 £9.261 21.202+£6.394  <0.001
c2 20.242 + 8.525 19.678 +7.512 0.032
C3 2.039 + 1.058 1.945 + 0.757 0.003
C3DC+C40H  0.101 +0.068 0.089 +0.044 < 0.001
C4 0.219 + 0.065 0.202 +£0.051 <0.001
C5 0.144 + 0.062 0.102+0.031 <0.001
C5:1 0.009 + 0.003 0.009 + 0.039 0.022
C6 0.038 £ 0.015 0.039 +0.014 0.020
C6DC 0.078 £ 0.029 0.086 +£0.033 < 0.001
C8 0.053 £ 0.022 0.047 +£0.019 <0.001
C8:1 0.107 £ 0.038 0.123 +£0.037 < 0.001
C10 0.061 £ 0.028 0.066 +0.029 < 0.001
C10:1 0.054 £ 0.024 0.064 +£0.025 <0.001
C12 0.047 £ 0.035 0.062 £0.030 < 0.001
C12:1 0.031 £ 0.025 0.041 £0.025 <0.001
Cl4 0.130 £ 0.069 0.149 £0.053  <0.001
Cl4:1 0.062 +0.033 0.072£0.030 <0.001
Cl4:2 0.017 £ 0.007 0.018 £ 0.007 0.004
C140H 0.008 + 0.006 0.010£0.028 <0.001
Cl16 1.887 + 1.039 2378 £0.859  <0.001
Cl6:1 0.106 + 0.068 0.127 £0.059  <0.001
C16:10H 0.029 £ 0.014 0.036 £ 0.057 < 0.001
C160H 0.013 £ 0.006 0.015+£0.006 <0.001
C18 0.640 + 0.265 0.695+0.221 <0.001
C18:2 0.346 + 0.152 0.256 £0.100 < 0.001
C18:10H 0.015 £ 0.007 0.020 £ 0.238 0.007
CI80OH 0.006 + 0.006 0.009 £0.004  <0.001
SA 0.231 £ 0.053 0.236 + 0.053 0.005
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Table 3 Differential metabolites identified through multi-

variate analysis between preterm and full - term

infants

Metabolic indicator VIP

Ala 1.598
Arg 1.109
Gly 1.142
Phe 1.125
Pro 1.008
Val 1.140
Cco 1.027
C3DC+C40H 1.303
C4 1.101
C5 2.197
C8 1.375
C10 1.066
Cl12 1.189
Cl2:1 1.198
Cl4:1 1.088
Cl6 1.112
Cl6:1 1.109
C18:2 1.643
C180H 1.300
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The horizontal axis represents the negative logarithm of the P-value obtained from pathway enrichment analysis, with larger values indicating higher

significance of the enrichment results; the vertical axis represents the names of the enriched pathways; each circle corresponds to a metabolic pathway,

and the size of the circle is related to the number of differential metabolites, with larger circles representing pathways containing more relevant differential

metabolites; the color of the circles represents the P-value of pathway enrichment, with darker colors indicating smaller P-values for the enrichment of

differential metabolites in that pathway.
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Figure 4 Bubble plot of pathway enrichment analysis for preterm and full-term infants
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