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Abstract: Neonatal birth weight is a crucial indicator of intrauterine growth and development

with important implications for child development and adult health. The birth weight of a new-
born is closely linked to the nutrition and health of the mother during pregnancy as well as ge-
netic factors. Therefore, assessing the metabolic status of the fetus in utero is greatly significant
for understanding the mechanisms responsible for abnormal birth weight. While previous studies
often analyzed the impact of maternal metabolism on fetal development using umbilical cord
blood from pregnant women, such blood may not accurately reflect the actual intrauterine envi-
ronment owing to the barrier function of the placenta; moreover, obtaining biological samples
during the fetal period is challenging. Meconium, the first feces excreted by a newborn, pro-
vides ideal biological material for studying maternal and infant health. Metabolomics can reveal
metabolic changes in living organisms by analyzing small molecules in biological samples;
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hence studying meconium samples using metabolomics technology is expected to reveal fetal
metabolic changes during pregnancy, thereby providing new insights into fetal nutritional in-
take, growth, and development, as well as metabolic pathways related to birth weight. To gain
a deeper understanding of the metabolic changes associated with birth weight, this study col-
lected metabolomic data from the meconium of 484 newborns in the established Xiaogan birth
cohort using an untargeted metabolomics technique based on liquid chromatography-high
resolution mass spectrometry ( LC-HRMS) and analyzed the association between meconium me-
tabolites and birth weight. This cohort exhibited incidence rates of low birth weight (<2 500 g)
and macrosomia (>4 000 g) of 3.3% and 7.2%, respectively, which were roughly equivalent to
the national average. Orthogonal partial least squares discriminant analysis revealed significant
differences between the meconium metabolomes of the low birth weight and macrosomic
groups when compared to the normal weight group. We discovered significant distinctions be-
tween the differential metabolites of newborns of low birth weight and those of normal weight,
as well as between macrosomic and normal weight newborns that point to disparate biological
pathways. Newborns with low birth weight exhibited significantly lower levels of critical amino
acids, such as glutamate and proline, compared to the normal weight group, which may be as-
sociated with placental dysfunction and maternal nutritional deficiencies. Conversely, the meco-
nium of macrosomic newborns contained significantly elevated levels of hormone metabolites
such as estrone that reflected the pathophysiological state associated with maternal metabolic
diseases or excessive placental hormone levels. Our study suggests that the metabolomic profile
of the meconium reflects the metabolic pathways and regulatory mechanisms at play during fe-
tal growth and development, and offers potential metabolic biomarkers and directions for future
in-depth research into diseases related to fetal development. However, this study was based
solely on the Xiaogan birth cohort, which was limited to specific regions and populations.
A multicenter, multiethnic, and multiregional study is expected to help validate the universality
of our research findings.

Key words: metabolomics; birth cohort; liquid chromatography-high resolution mass spec-
trometry ( LC-HRMS) ; neonatal birth weight; meconium
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Table 1 Demographic information of the pregnant
women and newborns

Characteristic n (%)

Education

Less than high school 337 (69.6)

High school and above 147 (30.4)
Pre-pregnancy BMI/ (kg/m?)

BMI <18.5 110 (22.7)

18.5<BMI<24.0 307 (63.5)

24.0<BMI<28.0 51 (10.5)

BMI=28.0 16 (3.3)
Parity

1 227 (46.9)

=2 257 (53.1)
Residence

Urban 225 (46.5)

Suburb 259 (53.5)
Household income/RMB

<3000 224 (46.1)

3000-4999 205 (42.5)

=5000 55 (11.4)
Newborn gender

Male 236 (48.4)

Female 248 (51.6)
Delivery mode

Spontaneous 190 (39.5)

Caesarean 294 (60.5)

Maternal age/years (Mean+SD) * 26.2+4.2

Gestational age/d (Mean+SD) * 274.7+8.2

Birth weight/g (Mean+SD) * 3333.0416.9

n (%) : number of pregnant women and the corresponding
percentage; BMI. body mass index; * . n=484.
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Fig.1 (a) Chromatograms and (b) principal component
analysis (PCA) score of meconium metabolites
QC: quality control.
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Fig. 2 Orthogonal partial least squares discriminant analysis (OPLS-DA) and permutation test results between (a) low
birth weight group with normal weight group and (b) macrosomic group with normal weight group
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Fig. 3 Volcano plots of differential meconium metabolites between (a) low birth weight group with normal
weight group and (b) macrosomia group with normal weight group
VIP. variable importance in the projection; FC. fold change; P. P-value; Sig_up: significantly up-regulated; No_diff: no significant

differences; Sig_down. significantly down-regulated.
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Fig. 4 Results of (a) enrichment analysis and (b) network analysis of differential meconium

metabolites between low birth weight group with normal weight group
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