N

Journal of the Endocrine Society, 2026, 10, bvag035 -
https://doi.org/10.1210/jendso/bvag035
Published: 24 February 2026 -‘ O X F O R D
Clinical Research Article ENDOCRINE

SOCIETY

Associations between maternal prepregnancy body mass
index and maternal and cord blood metabolome

Heidi Sormunen-Harju @ *, Polina V. Girchenko @ 3, Eero Kajantie (® >%"%, Pia M. Villa ® 2,
Esa K. Himaldinen @ °, Emilia Huvinen @® 2, Marius Lahti-Pulkkinen ® **%', Hannele Laivuori
Katri Raikkonen @ >**, and Saila B. Koivusalo @ **

12,13,14,15
b

Teratology Information Service, Emergency Medicine, Department of Prehospital Emergency Care, Helsinki University Hospital and University of Helsinki,
Helsinki FI-00029, Finland

“Department of Obstetrics and Gynecology, Helsinki University Hospital and University of Helsinki, Helsinki FI-00029, Finland

3Clinical Medicine Research Unit, MRC Oulu, University of Oulu, Oulu FI-90014, Finland

“Department of Psychology and Logopedics, Faculty of Medicine, University of Helsinki, Helsinki FI-00029, Finland

>Clinical Medicine Research Unit, MRC Oulu, Oulu University Hospital and University of Oulu, Oulu FI-90014, Finland

®Population Health Unit, Finnish Institute for Health and Welfare, Helsinki and Oulu FI-00271, Finland

"Department of Clinical and Molecular Medicine, Norwegian University of Science and Technology, Trondheim 7034, Norway

8Children’s Hospital, Helsinki University Hospital and University of Helsinki, Helsinki FI-00029, Finland

°Department of Clinical Chemistry, University of Eastern Finland, Kuopio FI-70210, Finland

Department of Healthcare and Social Welfare, Finnish National Institute for Health and Welfare, Helsinki FI-00271, Finland

HDpepartment of Psychology and Logopedics, University of Edinburgh, Edinburgh EH8 9YL, UK

Medical and Clinical Genetics, Helsinki University Hospital and University of Helsinki, Helsinki FI-00029, Finland

Binstitute for Molecular Medicine Finland, Helsinki Institute of Life Science, University of Helsinki, Helsinki FI-00029, Finland

“Department of Obstetrics and Gynecology, Tampere University Hospital, The Wellbeing Services County of Pirkanmaa, Tampere FI-33520, Finland
SCenter for Child, Adolescent, and Maternal Health Research, Faculty of Medicine and Health Technology, Tampere University, Tampere FI-33100, Finland
Correspondence: Heidi Sormunen-Harju, MD, PhD, Teratology Information Service, Emergency Medicine, Department of Prehospital Emergency Care,
Helsinki University Hospital and University of Helsinki, Helsinki, PL 790, 00029 HUS, Finland. Email: heidi.sormunen-harju@hus.fi.

*These authors contributed equally to this article and share group leadership.

Abstract

Context Prepregnancy body mass index (pBMI) is associated with the maternal metabolome during pregnancy. However,
evidence remains inconclusive whether pBMI is also associated with alterations in the fetal cord blood metabolome, and
whether pBMI modifies the associations between maternal and fetal metabolomes.

Objective This work aimed to examine whether pBMI is associated with the fetal cord blood metabolome and whether
maternal and fetal metabolomes are associated and vary according to the degree of maternal pBMI.

Methods We derived pBMI from medical records and tested it in relation to 95 cord blood metabolic measures of 1702
newborns in the PREDO, RADIEL, and ITU studies. We tested the associations between maternal and fetal metabolomes
and moderation by pBMI in 556 mother-child dyads of the PREDO and RADIEL studies contributing maternal blood
samples at 3 time points during pregnancy.

Results Inthe meta-analysis of the 3 studies, higher pBMI was associated with 12 of the 95 cord blood metabolic measures, including
lower levels of high-density lipoprotein-associated measures and higher levels of branched-chain and aromatic amino acids, as well
as ketone bodies. Associations between maternal and fetal metabolomes were significant for 61 of the 95 measures; 26 of the 95
associations were modified by maternal pBMI, being stronger among mothers with obesity than those without.

Conclusion Maternal pBMI is associated with alterations in fetal cord blood metabolome. Maternal and fetal metabolomes are
associated, and associations vary according to maternal pBMI.
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The obesity (body mass index, BMI > 30) rate continues to climb glo-
bally: By 2030, one-fifth of all women are predicted to be affected [1].
The prevalence of maternal prepregnancy obesity is climbing ac-
cordingly [2]. In addition to increasing the risk for various short-term
pregnancy complications, maternal prepregnancy obesity is associ-
ated with an increased risk for several long-term adverse outcomes
in the offspring, including obesity [3, 4], insulin resistance [5, 6], car-
diovascular diseases [7, 8], and mental and behavioral disorders [9].

The mechanisms mediating the adverse effects of obesity on
the offspring are probably multifactorial, but perturbations in
the maternal metabolome seem to play a role [10-12]. Indeed,
we and others have demonstrated that obesity is associated
with widespread alterations in the maternal metabolomic profile
during pregnancy, including perturbations in lipoprotein-related
measures, triglycerides, some amino acids (AAs), fatty acids
(FAs), and inflammation markers [13-15].

However, the evidence remains inconclusive whether maternal
obesity and related alterations in the maternal metabolome during
pregnancy are associated with the fetal cord blood metabolomic
profiles. The fetal cord blood metabolome is a combination of me-
tabolites originating from the maternal side and crossing the pla-
centa, and those metabolized and synthesized by the placenta
and fetus. To the best of our knowledge, of the 7 studies testing as-
sociations between maternal prepregnancy BMI (pBMI) and fetal
cord blood metabolic profiles, 4 have been small scale with sample
sizes varying from 24 to 116 [16-19]. In the 3 larger-scale studies
with the number of mother-child dyads between 321 and 1600
[20-22], pBMI has been associated with no cord blood measures
[20] or with several measures including branched-chain amino
acids (BCAAs), aromatic amino acids (AAAs), and carnitines [21].
The disagreement in findings may be related to the differences in
sample sizes, population characteristics, and differences in the
metabolic panels, and also to whether maternal pBMI was meas-
ured or self-reported, which is well known to carry a bias [23, 24].
Moreover, while these and other studies have reported
modest-to-moderate associations between maternal and fetal
cord blood metabolomes [17, 21, 22, 25], we are not aware of stud-
ies testing whether these associations vary by maternal pBMI. As
obesity is becoming more common among women of reproductive
age, it is crucial to gain deeper insights into the associations be-
tween maternal and fetal metabolomes.

Thus, we measured fetal cord blood metabolome with a widely
used nuclear magnetic resonance (NMR) platform. We tested the asso-
ciations between maternal pBMI derived from medical registries and
95 fetal cord blood metabolic measures in a meta-analysis of 3 inde-
pendent Finnish studies including altogether 1702 mother-child dyads.
We then examined whether maternal and respective fetal cord blood
metabolic measures were associated, whether these associations var-
ied based on gestational timing of maternal measurements, and
whether these associations were moderated by maternal pBMI. We ad-
dressed the latter questions in 556 mother-child dyads in 2 of the stud-
ies, both of which provided 3 maternal pregnancy blood samples.

Materials and methods

Participants

Our study population came from 3 Finnish studies, the Prediction
and Prevention of Pre-eclampsia and Intrauterine Growth

Restriction (PREDO) study [26], the Finnish Gestational
Diabetes Prevention (RADIEL) study [27], and the InTraUterine
Sampling in Early Pregnancy Study (ITU) [28]. Supplementary
Fig. S1 presents the flowchart of the study [29].

The PREDO study recruited between 12 and 14 gestational
weeks (GWs) 1079 pregnant women with known risk factor status
for preeclampsia and intrauterine growth restriction from 10 hos-
pitals [26]. The risk factors included preeclampsia, gestational
diabetes, intrauterine growth restriction or fetal demise in the
previous pregnancy, prepregnancy obesity, chronic hyperten-
sion, type 1 diabetes, maternal age younger than 20 or older
than 40 years, systemic lupus erythematosus, and Sjogren syn-
drome. Of all women, 969 had at least 1 and 110 had none of
these risk factors. A subgroup with a second-degree diastolic
notch in the uterine blood flow were randomly assigned to re-
ceive low-dose aspirin (n = 61) or placebo (n = 60) for preventing
preeclampsia. This sample was appended by 75 women regard-
less of risk factor status, who donated placenta and fetal cord
blood samples, totaling 1154 pregnancies. From these 1154 preg-
nancies, 923 (80.0%) women provided umbilical cord blood sam-
ples for metabolomic analyses. Of these 923 pregnancies,
maternal blood samples were available from 341 women at 3
time points during pregnancy at a median 12.6 (interquartile
range [IQR] 11.6-13.4), 19.3 (19.0-19.7), and 27.0 (26.6-27.6) GWs.

The RADIEL study recruited 720 women who were planning a
pregnancy or in the first half of pregnancy (before 20 GW) into
arandomized clinical trial to prevent gestational diabetes by life-
style intervention among high-risk women (prior gestational dia-
betes and/or prepregnancy obesity). Of these women, 365 were
randomly assigned to the intervention group receiving advice
on diet and physical activity, and 355 to the control group treated
with standard care. Of these 720 women, 611 conceived with a
singleton pregnancy and umbilical cord blood samples were ob-
tained at delivery from 369 newborns. Of these 369 pregnancies,
maternal blood samples were available from 215 women at 3
time points during pregnancy at a median 13.0 (IQR 11.9-14.3),
23.1 (22.6-24.1), and 35.1 (34.4-35.7) GW.

The ITU study was designed to assess biological mechanisms
in the programming of health and disease after exposure to pre-
natal adversities and recruited, between 9 and 22 GWs, 943 wom-
en taking part in the national voluntary prenatal testing for fetal
chromosomal abnormalities. Of these women, 544 had a positive
screening result but were cleared for fetal chromosomal abnor-
malities; 399 had a negative screening result. In these 943 preg-
nancies, umbilical cord blood samples were obtained at delivery
from 410 newborns.

Atotal of 1702 mother-child dyads from these 3 studies comprised
the analytic sample to study the associations between maternal
pBMI and fetal cord blood metabolome. In comparison to the dyads
without cord blood sample in these 3 studies (n = 931), mothers in
the dyads with cord blood sample were younger (33.4 vs 34.0 years;
P =.008), the birth weight was higher (3578 vs 3498 g; P =.006), and
gestational age at delivery was longer (39.9 vs 39.5 GW; P <.001).
The analytic sample to study associations between maternal and fe-
tal metabolome and variation according to maternal pBMI com-
prised 556 mother-child dyads from the PREDO and RADIEL
studies. There were no differences in the background characteristics
in PREDO-RADIEL between those 556 dyads with both cord blood
and maternal samples available, and those 1134 dyads missing ei-
ther maternal, cord blood, or both samples.
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All study participants provided informed consent, and the
study protocols were approved by the ethics committee of the
Helsinki and Uusimaa Hospital District.

Maternal prepregnancy body mass index

In all 3 cohorts, the Finnish Medical Birth Register provided data
on maternal prepregnancy weight and height verified at the first
visit to the antenatal clinics at 7 to 10 GWs. Prepregnancy weight
and height measured at the last study visit before pregnancy was
used for the participants recruited before pregnancy in the
RADIEL study. In accordance with World Health Organization
guidelines, obesity was defined as pBMI greater than or equal
to 30 and nonobesity as pBMI less than 30 [30].

Maternal and fetal cord blood
metabolomic profiling

In all 3 cohorts, maternal venous blood samples were drawn
from the antecubital vein between 7 and 10 am after at least a
10-hour overnight fast, and the cord blood sample was extracted
immediately after the child was born. In PREDO and ITU, plasma,
and in RADIEL, serum was separated immediately and stored at
—80 °C until analysis. A high-throughput proton NMR metabolo-
mics platform quantified 225 metabolic measures in maternal
samples and 110 in fetal cord blood samples using the
Nightingale Health Quantification Library 2020 (Nightingale
Health Ltd). The platform and its applications have been de-
scribed in detail previously [31]. In brief, the panel includes the
metabolomic analysis of lipid, lipoprotein, and glucose metabol-
ism, AAs, FAs, ketone bodies, and a biomarker of low-grade in-
flammation and has been used in numerous studies of
pregnant and nonpregnant populations [32-34]. Based on earlier
studies using the same metabolomic platform in pregnant and
general populations of adults, 95 measures were considered rele-
vant in comprising an adequate picture of the metabolism, and
these were selected as the primary outcomes. The measures
not included were compositions of various lipoprotein sub-
classes and relative lipoprotein lipid concentrations. Due to the
high level of intraclass correlation of the metabolic measures
across the 3 measurement points (R =0.56-0.89; P <.001) and
to our previous results showing pregnancies with obesity to be
characterized by persistent metabolic perturbations throughout
pregnancy [15], we used the mean of the 3 maternal measure-
ments across pregnancy in the analyses.

Covariates and confounders

Based on the literature, maternal age in years [14], parity (prim-
iparous vs multiparous) [32], smoking or alcohol use (yes vs no)
at any time during pregnancy [32], education (tertiary vs basic/
secondary) [13], and child sex were considered potential con-
founders and were adjusted for in the models examining the ef-
fects of pBMI on cord blood metabolic measures, and the effects
of maternal metabolic measures on cord blood metabolic meas-
ures. Education and alcohol use were reported in early preg-
nancy; all other data were derived from the Finnish Medical

Birth Register. We also made adjustments for child’s gestational
age and birth weight. However, as pBMI is known to be associ-
ated with the child’s gestational age and birth weight, which
are, in turn, associated with cord blood metabolic measures, ges-
tational age and birth weight may mediate, rather than con-
found, the associations between pBMI and the cord blood
metabolic measures. Cohort was considered a covariate in all
analyses.

Statistical analysis

We log-transformed the metabolic measures to normalize their
distributions and analyzed the values in cohort-specific standar-
dized units. To examine the association between maternal pBMI
and cord blood metabolic measures, we applied a one-stage in-
dividual participant data meta-analytic approach combining the
harmonized data pooled across the PREDO, RADIEL and ITU stud-
ies. We conducted individual participant data meta-analysis with
linear mixed-effects models with the cohort as a random effect to
allow for differences in clustering of the participants between the
3 cohorts. As effect size we report the estimates, which represent
change in the metabolic measure in SD units per 1-unit change in
maternal pBMI. As the metabolic measures are highly correlated,
the Bonferroni correction for multiple testing may be overly con-
servative and raise the risk of type Il error [35]. To reduce this risk,
principal components analysis has been applied as a multiple
testing correction method to identify the effective number of in-
dependent tests. We identified 34 principal components explain-
ing 99% of the variation in the 95 cord blood metabolic measures
used as the primary outcomes. Thus, in these analyses a 2-sided
P value less than .00147 (0.05/34) translating into 99.9% Cls was
used to infer statistical significance.

We examined the associations between maternal and respective
cord blood metabolic measures in a combined PREDO-RADIEL
sample using generalized linear regression. To examine whether
the associations between maternal and cord blood metabolic
measures varied based on gestational timing of the maternal meta-
bolic measures, we used reverse temporal mixed-effects regression
analyses. In these analyses, the repeated maternal metabolic
measures represented the within-person outcome variables, and
GW at blood sampling represented the within-person predictor
and fetal cord blood metabolic measures as the between-person
predictor variables, and their interaction tested whether the asso-
ciations varied based on gestational timing of the maternal blood
sampling. This analysis thus tested whether the associations be-
tween maternal and cord blood metabolic measures changed as
gestational age progressed. We defined unstructured covariance
and first-order autoregressive error covariance matrices, and spe-
cified a person-specific random intercept and time-varying slopes.
As each exposure (maternal metabolic measure) was tested for one
outcome (respective cord blood metabolic measure), P value less
than .05 was used to infer statistical significance in these analyses.
As effect size we report estimates representing change in the cord
blood metabolic measure in SD units per each SD unit change in
the corresponding maternal metabolic measure, and change in
the strength of these associations per each SD unit change in ges-
tational age, and their 95% Cls.

We then tested whether the associations between maternal and
respective cord blood metabolic measures in the combined



Journal of the Endocrine Society, 2026, Volume 10, Issue 4

PREDO-RADIEL study differed according to the level of maternal
pBMI by adding the interaction term maternal pBMI x maternal
metabolic measure to the models in addition to their main effects.
Because we used pBMI as a continuous variable in the interaction
analyses, we conducted subanalyses for display purposes to facili-
tate interpretation for all interaction terms with a P value less than
.05. In these subanalyses we tested associations between maternal
and cord blood metabolic measures separately among mothers
with obesity (>30) and nonobesity (<30).

We present the associations as adjusted for cohort, maternal
age, education, parity, substance use during pregnancy, and
child sex, and further for child’s gestational age and birth weight.
No missing values were imputed since mixed models allow miss-
ing data. If the measure was below the detection limit, we used
the nonzero minimum value of that measure multiplied by 0.9.

Statistical analyses were performed using SAS 9.4 (SAS
Institute Inc).

Results

Table 1 presents by cohort the characteristics of the 1702
mother-child dyads that provided data for studying associations
between maternal pBMI and fetal cord blood metabolic meas-
ures. Supplementary Table S1 [29] presents the characteristics
of those mother-child dyads who, in addition to cord blood me-
tabolomic data, provided maternal metabolomic data to study
the associations between these two, and moderation by mater-
nal pBMI.

Association between maternal
prepregnancy body mass index and cord
blood metabolome

In the meta-analysis of all 3 studies, in the models adjusted for
cohort, maternal age, education, parity, substance use during
pregnancy, and child sex, maternal pBMI was significantly asso-
ciated with levels of 12 metabolic measures (Fig. 1). Higher ma-
ternal pBMI was associated with smaller mean diameter of
high-density lipoprotein (HDL) particles, lower concentration of
large and very large HDL particles, lower ratios of linoleic acid
(LA) to total FAs, and of polyunsaturated (PUFA) to monounsatu-
rated (MUFA) FAs, lower level of histidine, and higher levels of all
BCAAs, except for valine, and higher levels of phenylalanine and
ketone bodies, that is, 3-hydroxybutyrate and acetone. In the
models adjusted for the child’s gestational age and birth weight,
pBMI remained statistically significantly associated with lower
concentration of large HDL particles and lower ratio of PUFAs
to MUFAs (Supplementary Fig. S2) [29].

Association between maternal and cord
blood metabolic measures

In the PREDO-RADIEL study, in the model adjusted for cohort,
maternal age, education, parity, substance use during preg-
nancy, and child sex, we found statistically significant associa-
tions between maternal metabolic measures averaged across

the 3 gestational sampling points and respective cord blood
metabolic measures in 61 of the 95 metabolic measures
(Fig. 2). Associations were found in all different classes of meta-
bolic measures, including lipoproteins, lipids, FAs, and AAs, but
no association was found between maternal and cord blood
triglycerides.

Analyses testing whether the associations between maternal
and cord blood metabolic measures varied based on gestational
timing of the maternal measures showed that in 5 metabolic
measures the maternal and fetal associations became stronger
as the pregnancy progressed (increase in the strength of the as-
sociations per 1-week increases in GW: 0.002-0.005 SDs). These
metabolic measures included 4 lipids (concentration of large
low-density lipoprotein [LDL] particles, concentration of LDL par-
ticles, average diameter of very-low-density lipoprotein particles,
and apolipoprotein B) and one AA (alanine) (Supplementary
Table S2) [29].

Do associations between maternal and
cord blood metabolic measures vary by
the level of maternal prepregnancy body
mass index?

In the PREDO-RADIEL study, 26 of the 95 tested interactions were
statistically significant (Fig. 3); associations between maternal
and respective fetal cord blood levels of various sizes of
very-low-density lipoprotein, intermediate-density lipoprotein,
and LDL particles, and small HDL particles, many cholesterol-
related measures, apolipoprotein B and its ratio to apolipopro-
tein Al, w-6 FAs, lactate, alanine, and creatinine varied signifi-
cantly according to the level of maternal pBMI. Subgroup
analyses showed that all these 26 associations were stronger in
mothers with obesity compared to those without (Fig. 4).

Discussion

In this meta-analysis of 3 studies, we found that higher maternal
pBMI was associated with lower levels of several HDL-related
measures and some FA ratios, and with higher levels of several
AAs and ketone bodies in fetal cord blood. We also found in 2
of the studies that, of 95 maternal metabolic measures averaged
across the 3 time points in early, mid, and late pregnancy, 61
were associated with the respective metabolic measures in the
fetal cord blood. The associated metabolic measures included
many lipids, FAs, and AAs. We demonstrated that, except for 5
metabolic measures, 4 lipids and 1 AA, the associations between
maternal and fetal metabolic measures remained stable from
early to late pregnancy. Furthermore, in the subsample combin-
ing 2 cohorts with 3 maternal pregnancy samples, the associa-
tions between maternal and respective fetal cord blood levels
were moderated by maternal pBMI. The associations between
maternal and fetal metabolic measures were stronger among
mothers with obesity than among mothers with nonobesity.
The metabolic measures moderated by maternal pBMI were
mainly lipids and lipoproteins.

We found higher pBMI to be associated with several perturba-
tions in the cord blood metabolome: lower levels of the largest
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Table 1 Background characteristics of the 1702 mother-child dyads by cohort

Characteristics PREDO (N=923) RADIEL(N=369) ITU(N=410) TOTAL (N=1702)
Maternal
Age, mean (SD), y 33.1 (5.6) 32.9 (4.4) 34.5 (4.9) 33.4 (5.2)
BMI, mean (SD) 27.1 (6.4) 31.5 (5.9) 23.7 (4.0) 27.2 (5.7)
Obesity, n (%) 312 (34%) 243 (66%) 28 (6.8%) 583 (34%)
Primiparous, n (%) 291 (32%) 121 (33%) 233 (57%) 645 (38%)
Education level, n (%)
Secondary or lower 404 (44%) 256 (69%) 2 (18%) 732 (43%)
Tertiary 96 (54%) 112 (30%) 328 (80%) 936 (55%)
Data not available 3 (2.5%) 1 (0.3%) 10 (2.4%) 4 (2%)
Smoking or alcohol use during pregnancy, n (%) 162 (18%) 28 (7.6%) 17 (4.1%) 207 (12%)
Data not available 111 (12%) 4 (1.1%) 0 115 (6.8%)
Offspring
Birth weight, mean (SD), g 3551 (550) 3706 (517) 3523 (481) 3578 (526)
Gestational age at delivery, mean (SD) 39.8 (1.6) 39.9 (1.6) 40.0 (1.5) 39.9 (1.6)
Sex, female, n (%) 441 (47.8%) 175 (47.4%) 203 (49.5%) 819 (48%)

No missing data unless stated otherwise.

Abbreviations: BMI, body mass index; ITU, InTraUterine Sampling in Early Pregnancy Study; PREDO, Prediction and Prevention of Pre-eclampsia and Intrauterine

Growth Restriction study; RADIEL, Finnish Gestational Diabetes Prevention study.

HDL particles and smaller size of HDL particles, adverse FA ratios,
higher levels of BCAAs, of 1 of the AAAs, that is, phenylalanine,
and of 2 ketone bodies, and lower level of histidine. Our finding
concerning the association with BCAAs and phenylalanine is sup-
ported by 1 of the 3 larger-scale studies assessing the association
between pBMI and cord blood measures, namely the ethnically
diverse Hyperglycemia and Adverse Pregnancy Outcomes
(HAPO) study with 1600 newborns from 4 ancestry groups [21];
the similar association was found in the meta-analysis of the 4
groups, but not in individual ancestry groups. The metabolic as-
sessment in HAPO study included 65 measures, a narrower set
than ours. A recent study by Mansell [22] with 782 newborns
used the same NMR-based Nightingale method as our study,
but the population in their study was according to the self-
reported maternal anthropometrics leaner (mean maternal BMI
of 25.3) than in our study (27.2). After adjustment for birthweight,
Mansell found only 1 of the reported 76 cord blood measures to
be associated with higher pBMI, and that was higher
triglyceride-to-phosphoglyceride ratio. Similarly in our study,
most of the associations were no longer statistically significant
after adjustment for birth weight and gestational age. This at-
tenuation in the associations reflects that child gestational age
and birth weight may mediate the associations between pBMI
and fetal cord blood metabolic profiles. Self-reported maternal
weight was used in the Desert study with a total of 321 women
[20], but with a very low (n = 19) number of women with obesity;
no association was found between maternal BMI and cord blood
metabolome. One of the smaller studies with 116 newborns also
found the similar positive association between pBMI and higher
BCAAs as the HAPO study and ours [16].

As we [15] and others [13, 14] have shown, maternal obesity is
associated with higher maternal circulating BCAA and AAA levels,
metabolites with a well-established association with insulin re-
sistance in the adult population [36, 37]. We have now demon-
strated that maternal obesity is also associated with higher
cord blood levels of these AAs. AAs are essential for fetal growth

and development and are actively transported across the pla-
centa [38]. Both high and low levels of cord blood BCAAs have
been demonstrated to be detrimental; high levels have been as-
sociated with intrauterine growth restriction [39] and a greater
risk for later development of attention-deficit hyperactivity [40]
disorders in the offspring, and low levels with the risk of child-
hood overweight or obesity [41]. Transport of AAs has been sug-
gested to be regulated to protect the fetus from overnutrition
[38], and this regulatory effect may be interfered with by obesity.

Higher pBMI was associated with lower cord blood ratio of
PUFAs to MUFAs, PUFAs to total FAs, and LA to total FAs in our
study, similarly to the findings of adverse cord blood FA profiles
with maternal obesity in a previous smaller study comprising 103
mother-child dyads [42]. Obesity-associated inflammation im-
pairs placental function and alters the storage of FAs; an
ex vivo model has demonstrated reduced mobilization of free
FAs in the placentas of women with obesity and, thus, lower do-
cosahexaenoic acid levels in the fetal circulation [43]. Some stud-
ies have found an association between cord blood FA levels and
birth weight or neonatal adiposity [44-46], but there is no evi-
dence of an association between cord FA levels and later off-
spring adiposity [47]. Elevated cord blood acylcarnitine level,
that is, FA metabolites, was associated with the later develop-
ment of autism spectrum disorder and attention-deficit syn-
drome in the Barwon Infant Study with more than 1000
mother-child dyads [48]. In the analysis of participants in the
UK Biobank, an adult population, circulating FA ratios were bio-
markers for numerous diseases and the association with type 2
diabetes was strong [49]. The role of PUFAs at early ages may,
however, be different from the role in adults, a speculation sup-
ported by a discovered association between relatively lower lev-
els of cord blood docosahexaenoic acid and lower diastolic blood
pressure at age 9 years, known to be beneficial for cardiovascular
health [50].

Lower cord blood level of the largest HDL particles and smaller
size of HDL particles were associated with higher maternal pBMI
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Lipoprotein subclasses

Concentration of chylomicrons and XXL VLDL particles —_————

Concentration of XL VLDL particles —_———

Concentration of large VLDL particles —_—

Concentration of medium VLDL particles —_—

Concentration of small VLDL particles —_——

Concentration of very small VLDL particles —_——

Concentration of IDL particles —_—

Concentration of large LDL particles —_——

Concentration of medium LDL particles —_——

Concentration of small LDL particles —_—

Concentration of very large HDL particles —_——— *

Concentration of large HDL particles —_—— *

Concentration of medium HDL particles —_—

Concentration of small HDL particles —_————
Lipoprotein particle concentrations

Total concentration of lipoprotein particles —— —

Concentration of VLDL particles %

Concentration of LDL particles I ———

Concentration of HDL particles —_—
Lipoprotein particle sizes

Mean diameter of VLDL particles —_—T

Mean diameter of LDL particles —_———

Mean diameter of HDL particles ——— *
Cholesterol

Total cholesterol —_——

Total minus HDL cholesterol —_—

VLDL cholesterol ——

Clinical LDL cholesterol —_—————

LDL cholesterol ——T

HDL cholesterol —_——

Remnant cholesterol —_——
Cholesteryl esters

Total esterified cholesterol —_——

Cholesteryl esters in VLDL —_———

Cholesteryl esters in LDL —

Cholesteryl esters in HDL —_———
Free cholesterol

Total free cholesterol —_—

Free cholesterol in VLDL — ———

Free cholesterol in LDL ———

Free cholesterol in HDL ———
Triglycerides

Total triglycerides —_——
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Figure 1 Association between maternal prepregnancy body mass index (pBMI) and cord blood metabolic measures in the meta-analysis of 3 studies (PREDO,
RADIEL, and ITU) with 1702 mother-child dyads. Dots represent mean change (increase or decrease) in cord blood metabolic measures in SD units per 1-point
increase in maternal pBMI, and bars their 99.9% Cls. The model has been adjusted for cohort, maternal age, education, parity, substance use during
pregnancy, and offspring sex. Statistically significant associations are marked with an asterisk.

in our study. Maternal obesity greatly affects the metabolism,
composition, and function of maternal HDL [15, 51]. Our findings
are consistent with previous studies showing lower levels [51-53]
and impaired function [51] of cord blood HDL cholesterol follow-
ing maternal obesity. Low maternal second- and third-trimester
HDL cholesterol measures were associated with offspring early
ascending growth [54] in a recent study. Large HDL particles
are antiatherogenic, and the inverse association between cardio-
vascular risk and HDL cholesterol has been well established in
adult populations [55, 56]. A recent study found an association
between low cord blood level of HDL and children’s teacher-
rated psychosocial competence at age 5 years [57], but the few
studies exploring later childhood growth or adiposity have not in-
dicated any association with cord blood HDL [58, 59].

Our study found a statistically significant association between
a great number of metabolic measures in maternal mean preg-
nancy and cord blood levels at delivery, and measures spanned
across all different classes with the exception of triglycerides,
similarly to the HAPO study [21]. In previous studies, the degree
of association between maternal and cord blood measures has
varied according to the panel of metabolic measures in the se-
lected method [16, 18, 21, 60]. A Norwegian Mother, Father and

Child Cohort Study with 679 trios [25] and using the same panel
as in our study also demonstrated associations between mater-
nal and cord blood levels of several lipids, FAs, and AAs, but simi-
lar to our study, no association between maternal and cord
blood triglycerides. In our study, associations between maternal
and fetal metabolic measures remained stable across gestation
with few exceptions. For example, we observed strengthening
of the association between maternal and fetal alanine from early
to late pregnancy, which is consistent with the active transport of
AAs across the placenta. Mechanisms behind the associations be-
tween maternal and cord blood levels of the metabolites not
transported across the placenta are probably multifactorial. A re-
cent study using the same NMR metabolomics panel in more
than 136 000 participants found more than 8000 genetic associa-
tions of circulating metabolic measures [61]; genetic similarities
may explain some of the associations in the levels of these meas-
ures between mother and the offspring. Despite this, the Mother,
Father and Child Cohort Study found only one measure with an as-
sociation between paternal and cord blood levels, ratio of ApoB to
ApoALl. The lack of more metabolic associations between the fa-
ther and the fetus highlights the importance of the shared feto-
maternal milieu during pregnancy. The presence of a number of
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Figure 2 Association between maternal and cord blood metabolic measures in PREDO-RADIEL (n = 556). Dots represent change in cord blood metabolic
measures in SD units per 1-SD unit change in maternal measure, and bars their 95% Cls. The model has been adjusted for cohort, gestational age at blood
sampling, maternal age, education, parity, substance use during pregnancy, and offspring sex. Statistically significant associations are marked with an

asterisk.

associations between maternal and cord blood metabolomes and
the stability of the associations throughout pregnancy points to a
critical need for preventive interventions against the adverse ef-
fects of maternal obesity before conception.

This is the first study to demonstrate that maternal pBMI modi-
fiesthe association between maternal metabolic measuresin preg-
nancy and respective cord blood levels at delivery. Placentas of
women with obesity are frequently larger, and such placentas ex-
hibit histopathological changes of inflammation and underperfu-
sion [62]. In our study, compared to those with nonobesity,
women with obesity had stronger associations between maternal
and cord blood levels of several lipoprotein subfractions, apolipo-
protein B, w-6 FAs, lactate, alanine, and creatinine. The modifying
effect on many lipid measures may be relevant as lipids play a cen-
tral role in early and later childhood growth and development [63-
65] as well as in risk for metabolic disease [66]. We found the

association between maternal and cord blood levels of small
atherogenic HDL particles and of a PUFA, w-6 FA, to be stronger
in women with obesity than those without. As already discussed,
the implications of early-life circulating FA levels are elusive and
further studies are needed. Of the AAs, a modifying effect by
pBMI was found only in alanine.

Several biological pathways may lead to a mechanistic con-
nection between the materno-fetal metabolome and later off-
spring outcomes [67]. These pathways may include the altered
expression of placental nutrient transporters, seen in maternal
obesity, when the placenta exhibits increased expression of nu-
trient transporters, such as FA [68] or AA transport proteins [69,
70]. Furthermore, in placentas of mothers with obesity, high lipid
levels may induce oxidative stress and impair mitochondrial
function [71]. Exposure, during critical windows of development,
to abnormal metabolite levels may also lead, in the fetus, to
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Figure 3 Interaction of maternal metabolic measures with maternal prepregnancy body mass index on cord blood metabolic measures in PREDO-RADIEL
(n=556). Dots represent mean interactions, and bars their 95% Cls. The model has been adjusted for cohort, maternal age, education, parity, substance use

during pregnancy, and offspring sex. Statistically significant interactions are marked with an asterisk.

epigenetic changes affecting metabolism-related gene expres-
sion [72]. Further studies are warranted to explore the effect of
fetal cord blood metabolic alterations on long-term health and
developmental outcomes in children as well as the underlying
mechanisms.

The strength of our study lies in combining 3 well-documented
Finnish study cohorts into a meta-analysis including more than
1700 mother-child dyads. Three maternal blood samples in preg-
nancy were available only in 2 of these study cohorts, limiting the
number of dyads in the analyses of materno-fetal associations,
but these 2 cohorts were enriched with a high number of women
with obesity. We used a targeted metabolic panel that has been
widely used, and many of these measures have been validated
against conventional laboratory techniques. Limitations of our
study may arise from the original study interventions, but we
have earlier shown interventions not to be associated with the
maternal metabolome [15]. A potential limitation may also de-
rive from the different samples in the studies, serum and plasma,
but bias of different samples seems minimal [73] and SD scaling

and adjustment for cohort address this issue. Although BMI cor-
relates strongly with metabolic risk factors and disease out-
comes, additional measures, such as maternal anthropometric
data (including waist circumference or body composition), or in-
dicators of glucose metabolism or insulin resistance, could have
provided a more comprehensive perspective on the study’s re-
search questions, but these data were not available. The large
population adds power in our study, but the high-resource
Nordic setting and eligibility criteria related to risk factors for
preeclampsia, intrauterine growth restriction, and gestational
diabetes may limit the generalizability of the results.

In conclusion, our large study supports the previous findings of
an association between high maternal pBMI and perturbations in
cord blood metabolome, and the findings of an association be-
tween levels of many metabolic measures in maternal and
cord blood. Furthermore, we have presented novel evidence of
maternal obesity modifying the association between maternal
and cord metabolome. Future studies are needed to explore
the influence of these alterations on offspring growth and
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Figure 4 Association between maternal and cord blood metabolic measures in PREDO-RADIEL in women with nonobesity (n = 308; gray lines) or with obesity
(n=248; black lines). Dots represent mean increase or decrease of cord blood measures in SD units per 1-SD unit increase in maternal measure and bars their
95% Cls. The model has been adjusted for cohort, maternal age, education, parity, substance use during pregnancy, and offspring sex.

development as they may help us understand determinants of fe-
tal and infant well-being.

Funding

The PREDO project was supported by EVO research funding (a
special Finnish state subsidy for health science research), the
Academy of Finland, Signe and Ane Gyllenberg Foundation,
Sigrid Juselius Foundation, University of Helsinki Research
Funds, Finnish Medical Foundation, Juho Vainio Foundation,
Novo Nordisk Foundation, Jane and Aatos Erkko Foundation,
and Pdivikki ja Sakari Sohlberg Foundation, European Union’s

Horizon Europe research and innovation program under grant
agreement number 101057390 (HappyMums), and the Helsinki
Institute of Life Sciences (HiLife) Fellows Programme
2023-2025. The RADIEL project was supported by the Alfred
Kordelin Foundation, Juho Vainio Foundation, Jalmari and
Rauha Ahokas Foundation, the Finnish Foundation for
Cardiovascular Disease (Sydantutkimussdatio), a special state
subsidy for health science research of Helsinki University
Hospital (HUH), Samfundet Folkhélsan, Finska
Lakaresallskapet, Viipuri Tuberculosis Foundation, and The
Finnish Diabetes Research Foundation. H.S.H. acknowledges
the support of the Yrjo6 Jahnsson Foundation and HUS
Emergency Medicine research funding. P.G. acknowledges the



10

Journal of the Endocrine Society, 2026, Volume 10, Issue 4

support of the Research Council of Finland (research fellow pro-
ject No. 354990). Open access funded by Helsinki University
Library.

Disclosures

The authors report no conflict of interest.

Data availability

Datasets generated during the current study are not publicly
available but will be made available on reasonable request.
Requests are subject to further review by the national registry au-
thority and by the ethics committees.

References

1.

10.

World Obesity Atlas. World Obesity Federation. 2022.
Accessed January 12, 2024. https://www.worldobesity.org/
resources/resource-library/world-obesity-atlas-2022
Perinatal statistics - parturients, delivers and newborns - THL.
Finnish Institute for Health and Welfare (THL), Finland.
January 15, 2024. Accessed March 21, 2024. https://thl.fi/en/
statistics-and-data/statistics-by-topic/sexual-and-reproductive-
health/parturients-deliveries-and-births/perinatal-statistics-
parturients-delivers-and-newborns

Mamun AA, O’Callaghan M, Callaway L, Williams G, Najman J,
Lawlor DA. Associations of gestational weight gain with off-
spring body mass index and blood pressure at 21 years of
age: evidence from a birth cohort study. Circulation.
2009;119(13):1720-1727.

Pirkola J, Pouta A, Bloigu A, et al. Risks of overweight and ab-
dominal obesity at age 16 years associated with prenatal ex-
posures to maternal prepregnancy overweight and
gestational diabetes mellitus. Diabetes Care. 2010;33(5):
1115-1121.

Rughani A, Friedman JE, Tryggestad JB. Type 2 diabetes in
youth: the role of early life exposures. Curr Diab Rep.
2020;20(9):45.

O’Reilly JR, Reynolds RM. The risk of maternal obesity to the
long-term health of the offspring. Clin Endocrinol (Oxf).
2013;78(1):9-16.

Smith DE, Lewis CE, Caveny JL, Perkins LL, Burke GL, Bild DE.
Longitudinal changes in adiposity associated with pregnancy.
The CARDIA Study. Coronary Artery Risk Development in
Young Adults Study. JAMA. 1994;271(22):1747-1751.

Hochner H, Friedlander Y, Calderon-Margalit R, et al
Associations of maternal prepregnancy body mass index
and gestational weight gain with adult offspring cardiometa-
bolic risk factors: the Jerusalem Perinatal Family Follow-up
Study. Circulation. 2012;125(11):1381-1389.

Godfrey KM, Reynolds RM, Prescott SL, et al. Influence of ma-
ternal obesity on the long-term health of offspring. Lancet
Diabetes Endocrinol. 2017;5(1):53-64.

Hellmuth C, Lindsay KL, Uhl O, et al. Maternal metabolomic
profile and fetal programming of offspring adiposity: identi-
fication of potentially protective lipid metabolites. Mol Nutr
Food Res. 2019;63(1):e1700889.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

. Kadakia R, Talbot O, Kuang A, et al. Cord blood metabolo-

mics: association with newborn anthropometrics and
C-peptide across ancestries. J Clin Endocrinol Metab.
2019;104(10):4459-4472.

Girchenko P, Lahti-Pulkkinen M, Lipsanen J, et al. Maternal
early-pregnancy body mass index-associated metabolomic
component and mental and behavioral disorders in children.
Mol Psychiatry. 2022;27(11):4653-4661.

Hellmuth C, Lindsay KL, Uhl O, et al. Association of maternal
prepregnancy BMI with metabolomic profile across gesta-
tion. IntJObes(Lond). 2017;41(1):159-169.

Taylor K, Ferreira DLS, West J, Yang T, Caputo M, Lawlor DA.
Differences in pregnancy metabolic profiles and their deter-
minants between White European and South Asian women:
findings from the Born in Bradford cohort. Metabolites.
2019;9(9):190.

Kiveld J, Sormunen-Harju H, Girchenko PV, et al. Longitudinal
metabolic profiling of maternal obesity, gestational diabetes,
and hypertensive pregnancy disorders. J Clin Endocrinol
Metab. 2021;106(11):e4372-e4388.

Shokry E, Marchioro L, Uhl O, et al. Impact of maternal BMI
and gestational diabetes mellitus on maternal and cord
blood metabolome: results from the PREOBE cohort study.
Acta Diabetol. 2019;56(4):421-430.

LaBarre JL, Puttabyatappa M, Song PXK, et al. Maternal lipid
levels across pregnancy impact the umbilical cord blood lip-
idome and infant birth weight. Sci Rep. 2020;10(1):14209.
Schlueter RJ, Al-Akwaa FM, Benny PA, et al. Prepregnant
obesity of mothers in a multiethnic cohort is associated
with cord blood metabolomic changes in offspring. J
Proteome Res. 2020;19(4):1361-1374.

Shearer J, Klein MS, Vogel HJ, Mohammad S, Bainbridge S,
Adamo KB. Maternal and cord blood metabolite associations
with gestational weight gain and pregnancy health out-
comes. J Proteome Res. 2021;20(3):1630-1638.

Desert R, Canlet C, Costet N, Cordier S, Bonvallot N. Impact of
maternal obesity on the metabolic profiles of pregnant wom-
en and their offspring at birth. Metabolomics. 2015;11(6):
1896-1907.

Lowe WL, Bain JR, Nodzenski M, et al. Maternal BMI and gly-
cemia impact the fetal metabolome. Diabetes Care.
2017;40(7):902-910.

Mansell T, Vlahos A, Collier F, et al. The newborn metabo-
lome: associations with gestational diabetes, sex, gestation,
birth mode, and birth weight. Pediatr Res. 2022;91(7):
1864-1873.

Stommel M, Schoenborn CA. Accuracy and usefulness of BMI
measures based on self-reported weight and height: findings
from the NHANES & NHIS 2001-2006. BMC Public Health.
2009;9(1):421.

Brunner Huber LR. Validity of self-reported height and weight
in women of reproductive age. MaternChild Health J.
2007;11(2):137-144.

@yri LKL, Bogsrud MP, Christensen JJ, et al. Novel associa-
tions between parental and newborn cord blood metabolic
profiles in the Norwegian Mother, Father and Child Cohort
Study. BMC Med. 2021;19(1):91.

Girchenko P, Lahti M, Tuovinen S, et al. Cohort Profile: predic-
tion and prevention of preeclampsia and intrauterine growth


https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://thl.fi/en/statistics-and-data/statistics-by-topic/sexual-and-reproductive-health/parturients-deliveries-and-births/perinatal-statistics-parturients-delivers-and-newborns
https://thl.fi/en/statistics-and-data/statistics-by-topic/sexual-and-reproductive-health/parturients-deliveries-and-births/perinatal-statistics-parturients-delivers-and-newborns
https://thl.fi/en/statistics-and-data/statistics-by-topic/sexual-and-reproductive-health/parturients-deliveries-and-births/perinatal-statistics-parturients-delivers-and-newborns
https://thl.fi/en/statistics-and-data/statistics-by-topic/sexual-and-reproductive-health/parturients-deliveries-and-births/perinatal-statistics-parturients-delivers-and-newborns

Journal of the Endocrine Society, 2026, Volume 10, Issue 4

11

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

restriction (PREDO) 2017;46(5):
1380-1381g.

Rono K, Stach-Lempinen B, Klemetti MM, et al. Prevention of
gestational diabetes through lifestyle intervention: study de-
sign and methods of a Finnish randomized controlled multi-
center trial (RADIEL). BMC Pregnancy Childbirth. 2014;14(1):
70.

Kvist T, Sammallahti S, Lahti-Pulkkinen M, et al. Cohort pro-
file: InTraUterine sampling in early pregnancy (ITU), a pro-
spective pregnancy cohort study in Finland: study design
and baseline characteristics. BMJ Open. 2022;12(1):e049231.
Sormunen-Harju H. Supplementary material for the manu-
script “Associations Between Maternal Prepregnancy Body
Mass Index and Maternal and Cord Blood Metabolome”.
Zenodo. Published online August 24, 2025. https://zenodo.
org/records/14955999

Obesity: Preventing and Managing the Global Epidemic Report
of a WHO Consultation (WHO Technical Report Series 894).
2000. http://www.who.int/nutrition/publications/obesity/
WHO_TRS_894/en/

Soininen P, Kangas AJ, Wiirtz P, Suna T, Ala-Korpela M.
Quantitative serum nuclear magnetic resonance metabolo-
mics in cardiovascular epidemiology and genetics. Circ
Cardiovasc Genet. 2015;8(1):192-206.

Wang Q, Wirtz P, Auro K, et al. Metabolic profiling of preg-
nancy: cross-sectional and longitudinal evidence. BMC Med.
2016;14(1):205.

Wiirtz P, Cook S, Wang Q, et al. Metabolic profiling of alcohol
consumption in 9778 young adults. Int J Epidemiol.
2016;45(5):1493-1506.

Mokkala K, Vahlberg T, Houttu N, Koivuniemi E, Laitinen K.
Distinct metabolomic profile because of gestational diabetes
and its treatment mode in women with overweight and obes-
ity. Obesity (Silver Spring). 2020;28(9):1637-1644.

Alonso A, Marsal S, Julia A. Analytical methods in untargeted
metabolomics: state of the art in 2015. Front Bioeng
Biotechnol. 2015;3:23.

Wiirtz P, Soininen P, Kangas AJ, et al. Branched-chain and
aromatic amino acids are predictors of insulin resistance in
young adults. Diabetes Care. 2013;36(3):648-655.

Lynch CJ, Adams SH. Branched-chain amino acids in meta-
bolic signalling and insulin resistance. Nat Rev Endocrinol.
2014;10(12):723-736.

Jones HN, Powell TL, Jansson T. Regulation of placental nu-
trient transport—a review. Placenta. 2007;28(8-9):763-774.
Moros G, Boutsikou T, Fotakis C, et al. Insights into intrauter-
ine growth restriction based on maternal and umbilical cord
blood metabolomics. Sci Rep. 2021;11(1):7824.

Anand NS, Ji Y, Wang G, et al. Maternal and cord plasma
branched-chain amino acids and child risk of attention-
deficit hyperactivity disorder: a prospective birth cohort
study. J Child Psychol Psychiatry. 2021;62(7):868-875.
Handakas E, Keski-Rahkonen P, Chatzi L, et al. Cord blood
metabolic signatures predictive of childhood overweight
and rapid growth. Int J Obes (Lond). 2021;45(10):2252-2260.
Yu HT, Xu WH, Chen YR, et al. Association of prepregnancy
obesity and remodeled maternal-fetal plasma fatty acid pro-
files. Front Nutr. 2022;9:897059.

Hirschmugl B, Perazzolo S, Sengers BG, et al. Placental mo-
bilization of free fatty acids contributes to altered materno-

study. IntJEpidemiol.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

fetal transfer in obesity. Int J Obes (Lond). 2021;45(5):
1114-1123.

Liu K, Ye K, Han Y, et al. Maternal and cord blood fatty acid
patterns with excessive gestational weight gain and neonatal
macrosomia. Asia Pac J Clin Nutr. 2017;26(2):291-297.
Umeda N, Hirai T, Ohto-Nakanishi T, Tsuchiya KJ, Matsuzaki
H. Linoleic acid and linoleate diols in neonatal cord blood in-
fluence birth weight. Front Endocrinol (Lausanne). 2022;13:
986650.

Aydogan Mathyk B, Piccolo BD, Alvarado F, Shankar K,
O’Tierney-Ginn P. Metabolomic signatures of low- and high-
adiposity neonates differ based on maternal BMI. Am J
Physiol Endocrinol Metab. 2022;322(6):E540-E550.

Meyer DM, Brei C, Stecher L, Much D, Brunner S, Hauner H.
Associations between long-chain PUFAs in maternal blood,
cord blood, and breast milk and offspring body composition
up to 5 years: follow-up from the INFAT study. Eur J Clin Nutr.
2019;73(3):458-464.

Vacy K, Thomson S, Moore A, et al. Cord blood lipid correl-
ation network profiles are associated with subsequent
attention-deficit/hyperactivity disorder and autism spectrum
disorder symptoms at 2 years: a prospective birth cohort
study. EBioMedicine. 2024;100:104949.

Julkunen H, Cichonska A, Tiainen M, et al. Atlas of plasma
NMR biomarkers for health and disease in 118,461 individuals
from the UK Biobank. Nat Commun. 2023;14(1):604.

Seggers J, Kikkert HK, de Jong C, Decsi T, Boehm G,
Hadders-Algra M. Neonatal fatty acid status and cardiometa-
bolic health at 9years. Early Hum Dev. 2016;100:55-59.
Stadler JT, van Poppel MNM, Wadsack C, et al. Obesity affects
maternal and neonatal HDL metabolism and function.
Antioxidants (Basel). 2023;12(1):199.

Miturski A, Geca T, Stupak A, Kwasniewski W, Semczuk-Sikora
A. Influence of pre-pregnancy obesity on carbohydrate and
lipid metabolism with selected adipokines in the maternal
and fetal compartment. Nutrients. 2023;15(9):2130.
Mocarzel CC, Velarde GC, Antunes RdeA, Moreira de Sa RA,
Kurjak A. Maternal obesity influences the endocrine cord
blood profile of their offspring. J Perinat Med. 2020;48(3):
242-248.

Blanco Sequeiros E, Tuomaala AK, Tabassum R, Bergman PH,
Koivusalo SB, Huvinen E. Early ascending growth is associ-
ated with maternal lipoprotein profile during mid and late
pregnancy and in cord blood. Int J Obes (Lond).
2023;47(11):1081-1087.

Kjeldsen EW, Thomassen JQ, Frikke-Schmidt R. HDL choles-
terol concentrations and risk of atherosclerotic cardiovascu-
lar disease—insights from randomized clinical trials and
human genetics. Biochim Biophys Acta Mol Cell Biol Lipids.
2022;1867(1):159063.

Duparc T, Ruidavets JB, Genoux A, et al. Serum level of HDL
particles are independently associated with long-term prog-
nosis in patients with coronary artery disease: the GENES
study. Sci Rep. 2020;10(1):8138.

Manczak EM, Gotlib IH. Lipid profiles at birth predict teacher-
rated child emotional and social development 5 years later.
Psychol Sci. 2019;30(12):1780-1789.

Ye QQ, Kong SM, Yin X, et al. Associations of cord blood lipids
with childhood adiposity at the age of three years: a pro-
spective birth cohort study. Metabolites. 2022;12(6):522.


https://zenodo.org/records/14955999
https://zenodo.org/records/14955999
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/

12

Journal of the Endocrine Society, 2026, Volume 10, Issue 4

59.

60.

61.

62.

63.

64.

65.

66.

Jin WY, Chen XY, Han T, et al. Associations between cord
blood metabolic factors and early-childhood growth and
overweight and obesity. Front Endocrinol (Lausanne).
2023;14:1164747.

Yeum D, Gilbert-Diamond D, Doherty B, et al. Associations of
maternal plasma and umbilical cord plasma metabolomics
profiles with birth anthropometric measures. Pediatr Res.
2023;94(1):135-142.

Karjalainen MK, Karthikeyan S, Oliver-Williams C, et al.
Genome-wide characterization of circulating metabolic bio-
markers. Nature. 2024,628(8006):130-138.

Scott H, Grynspan D, Anderson LN, Connor KL. Maternal
underweight and obesity are associated with placental path-
ologies in human pregnancy. Reprod Sci. 2022;29(12):
3425-3448.

Gonzalez-Riano C, Santos M, Diaz M, et al. Birth weight and
early postnatal outcomes: association with the cord blood
lipidome. Nutrients. 2022;14(18):3760.

Mir SA, Chen L, Burugupalli S, et al. Population-based plasma
lipidomics reveals developmental changes in metabolism
and signatures of obesity risk: a mother-offspring cohort
study. BMC Med. 2022;20(1):242.

Zhu M, Sun R, Jin L, et al. Metabolomics profiling of maternal
and umbilical cord blood in normoglycemia macrosomia. J
Matern Fetal Neonatal Med. 2023;36(2):2270761.
Leon-Aguilar LF, Croyal M, Ferchaud-Roucher V, et al
Maternal obesity leads to long-term altered levels of plasma
ceramides in the offspring as revealed by a longitudinal

67.

68.

69.

70.

T1.

T2.

73.

lipidomic study in children. Int J Obes (Lond). 2019;43(6):
1231-1243.

Aagaard KM, Barkin SL, Burant CF, et al. Understanding risk
and causal mechanisms for developing obesity in infants
and young children: a National Institutes of Health work-
shop. Obes Rev. 2024;25(4):e13690.

Kelly AC, Powell TL, Jansson T. Placental function in mater-
nal obesity. Clin Sci (Lond). 2020;134(8):961-984.
Castillo-Castrejon M, Jansson T, Powell TL. No evidence of at-
tenuation of placental insulin-stimulated Akt phosphoryl-
ation and amino acid transport in maternal obesity and
gestational diabetes mellitus. Am J Physiol Endocrinol
Metab. 2019;317(6):E1037-E1049.

Farley DM, Choi J, Dudley DJ, et al. Placental amino acid
transport and placental leptin resistance in pregnancies
complicated by maternal obesity. Placenta. 2010;31(8):
718-724.

Grismaldo RA, Luévano-Martinez LA, Reyes M, Garcia-Marquez
G, Garcia-Rivas G, Sobrevia L. Placental mitochondrial impair-
ment and its association with maternal metabolic dysfunction.
J Physiol. 2024. doi:10.1113/JP285935

Zambrano E, Nathanielsz PW. Mechanisms by which mater-
nal obesity programs offspring for obesity: evidence from
animal studies. Nutr Rev. 2013;71(Suppl 1):S42-S54.
Jiménez B, Holmes E, Heude C, et al. Quantitative lipoprotein
subclass and low molecular weight metabolite analysis in hu-
man Serum and plasma by 1H NMR spectroscopy in a multi-
laboratory trial. Anal Chem. 2018;90(20):11962-11971.


https://doi.org/10.1113/JP285935

	Associations between maternal prepregnancy body mass index and maternal and cord blood metabolome
	Materials and methods
	Participants
	Maternal prepregnancy body mass index
	Maternal and fetal cord blood metabolomic profiling
	Covariates and confounders
	Statistical analysis

	Results
	Association between maternal prepregnancy body mass index and cord blood metabolome
	Association between maternal and cord blood metabolic measures
	Do associations between maternal and cord blood metabolic measures vary by the level of maternal prepregnancy body mass index?

	Discussion
	Funding
	Disclosures
	Data availability
	References


