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Abstract

Background/Objectives: Maternal nutrition and pregestational BMI are critical deter-
minants of pregnancy outcomes. This prospective multicenter observational study
investigated the interplay between prepregnancy BMI, dietary patterns, and oxida-
tive/inflammatory status in 153 Italian healthy pregnant women with normal weight
(NW), overweight (OW), or obesity (OB). Methods: Detailed clinical, biochemical, placen-
tal, and neonatal data were measured at third trimester and delivery. Dietary intake was
assessed via a validated questionnaire, and dietary patterns were derived using principal
component analysis. Results: OW and OB women had significantly higher levels of in-
flammatory (CRP, hepcidin) and oxidative stress biomarkers (DNA/RNA damage, catalase
activity) than NW. Multivariate models confirmed independent associations between BMI
and these biomarkers (CRP: 3 = 0.297, p = 0.000; hepcidin: 3 = 1.419, p = 0.006; DNA/RNA
damage: 3 =409.9, p = 0.000; catalase activity: 3 = 1.536, p = 0.000). Superoxide dismutase
activity and total antioxidant capacity were not associated with BMI. Nutritional intake
across BMI groups was largely suboptimal relative to national recommendations, with
insufficient levels of polyunsaturated fats and key micronutrients. Four dietary patterns
were identified, with adherence varying by BMI. A “prudent-style” pattern (high plant, low
animal) was positively associated with gestational age (3 = 0.243, p = 0.033) and inversely
with neonatal head circumference (3 = —0.414, p = 0.050). A “Western-like” pattern (high
sugars, snacks, animal fats) was linked to reduced maternal ferritin ( = —2.093, p = 0.036)
and increased neonatal head circumference (8 = 0.403, p = 0.036). However, not all de-
viations from the “prudent-style” pattern were metabolically equivalent: while Pattern
3 (high-protein, carbohydrate) may offer partial protective effects, Pattern 4 (moderate
protein/plant/sugar) displayed elements of nutritional imbalance with signs of placental
inefficiency (f = —0.384, p = 0.023). Conclusions: These findings underscore the dual
impact of maternal BMI and diet quality on oxidative-inflammatory balance and perinatal
outcomes, supporting the need for early, individualized nutritional strategies in pregnancy.
This is further emphasized by the variability in dietary adherence across BMI categories.
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1. Introduction

Entering pregnancy with overweight or obesity poses significant health risks for
mother and baby, both in the short and long term, extending to the child’s future health as
an adult. Increasing evidence has confirmed the fetal programming theory, which suggests
that the intrauterine period is a time of remarkable plasticity for the individual [1-4]. During
this phase, the fetus responds to external stimuli—primarily maternal nutrition—shaping
its genetic potential according to the surrounding environment.

In this framework, an excess of maternal adipose tissue plays a key role, being linked
to an increased pro-inflammatory response and low-grade chronic inflammation, which,
in a self-perpetuating negative feedback loop, contributes to cellular oxidative stress,
impaired metabolic function, and cellular senescence [5-7]. During pregnancy, this can
lead to a state of increased inflammaging at both the systemic and intrauterine levels.
When combined with oxidative stress resulting from mitochondrial dysfunction and/or an
imbalance between reactive oxygen species and antioxidant defenses, this condition can
potentially impair placental function and adversely affect fetal development [8-11].

In this context, an unbalanced maternal intake of macro- and micronutrients can
further exacerbate the negative effects of excessive adipose tissue. During pregnancy, the
proper intake of macro- and micronutrients is crucial for healthy fetal programming [12-15].
Moreover, growing evidence suggests that dietary patterns, rather than individual nutrients,
are key factors in successful pregnancies, promoting the long-term health of both the baby
and the mother. A “prudent-style” diet, such as the Mediterranean diet, characterized
by high fiber content, a lipid profile rich in monounsaturated and polyunsaturated fatty
acids, and by an abundance of other components such as polyphenols, has proven to be
particularly protective, significantly reducing overall and cardiovascular mortality [16-19].
Indeed, dietary patterns such as the Mediterranean diet are rich in nutrients that work
synergistically, acting on cellular mechanisms that stimulate mitochondrial biogenesis and
reduce inflammation and oxidative stress, modulating parameters such as blood pressure,
lipid profile, body weight, and fasting blood glucose [19,20]. Conversely, these dietary
patterns avoid animal nutrient sources and are low in processed food rich in salt, saturated
and trans fatty acids, sugar, and other nutrients that have demonstrated detrimental effects
on health. High-fat and ultra-processed foods, typically found in the Western diet, are
associated with characteristics closely linked to cardiovascular risk and mortality [21-27].
However, since the 1960s, adherence to the Mediterranean diet has progressively decreased
worldwide, in favor of a Western-like diet, representing a significant risk for the health of
both mothers and children in the short and the long term [23-25].

Therefore, it is essential to clarify the dietary patterns followed by pregnant women
and determine any related oxidative and inflammatory alterations, also in relation to their
pre-pregnancy body mass index (BMI), in order to identify mechanisms potentially harmful
to fetal programming and to the future health of the mother and her child, laying the
groundwork for the implementation of national and international guidelines for proper
nutrition during pregnancy.

In this study, nutritional, inflammatory, and oxidative parameters were evaluated in
Italian pregnant women with normal weight, overweight, or obesity, identifying dietary
pattern adherence during pregnancy and associations with obstetric, placental, and neonatal
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parameters. We tested the hypothesis that maternal dietary patterns and pregestational
BMI jointly influence maternal oxidative and inflammatory status, with downstream effects
on placental and neonatal outcomes.

2. Materials and Methods
2.1. Study Design and Population

This study is part of the project “Epigenetic impact of maternal obesity and nutritional
status. Nutritional/lifestyle intervention for the improvement of pregnancy outcomes (EPI-
MOM)” funded by the Italian Ministry of Health (Ricerca Finalizzata, RF-2016-02362165).

This multicenter project has been conducted in the obstetric units of two centers in
Italy, the “Vittore Buzzi” Children’s Hospital (ASST Fatebenefratelli Sacco) in Milan and
the AOU Citta della Salute e della Scienza—Sant’Anna University Hospital in Turin.

The protocol was approved by the Hospital ethical committee “Comitato Etico Milano
Area 1”7 (Prot. N. 17739/2018) and by O.I.LR.M.-Sant’Anna Hospital and “Ordine Maur-
iziano di Torino” ethical committee (Prot. N. 0066426/2019). The study was conducted
in accordance with the Declaration of Helsinki and in compliance with all current Good
Clinical Practice guidelines, local laws, regulations, and organizations. All participants
provided their informed consent to collect personal data and biological samples.

This multicenter prospective cohort study was conducted among pregnant women
stratified according to pregestational BMI.

Women were enrolled between 30 + 0 and 36 + 6 gestational weeks during III trimester
routine checkup visits at the antenatal clinic. Clinical data and biological samples were
collected by the clinical and research staff participating in the study, at both enrollment (T0)
and delivery (T1).

The study population consisted of healthy Caucasian women aged 18-40 years, with a
pregestational BMI between 18.5 and 40 kg/m? and a singleton spontaneous pregnancy.
Exclusion criteria were any maternal chronic comorbidity (i.e., chronic hypertension, au-
toimmune diseases, pregestational diabetes), pregnancy complications in present or previ-
ous pregnancies (e.g., GDM, preeclampsia, infections, or congenital /genetic abnormalities),
and any pharmacological therapy in pregnancy, including metformin and insulin.

Participants were divided into three groups based on their pregestational BMI:

e  Normal weight (NW): 18.5 kg/m? < pregestational BMI < 25 kg/m?;
e  Overweight (OW): 25.0 kg/m? < pregestational BMI < 30 kg/m?;
e  Obese (OB): 30.0 kg/m? < pregestational BMI < 40 kg/m?.

2.2. Clinical Data

Maternal age, pregestational weight, and BMI were recorded, together with informa-
tion on folic acid /iron/multivitamin supplementation. The supplements used were from
different commercial brands, but all contained, at a minimum, 400 pg of folic acid (folic
acid supplementation), 80-100 mg of elemental iron (iron supplementation), and the most
common vitamins typically included in prenatal formulations (multivitamin supplemen-
tation). Regarding duration, folic acid was generally taken from the first trimester, while
multivitamin and iron supplements were started either in the first or second trimester.

The following data were collected at both TO and T1: gestational age; maternal weight
gain, hemoglobin concentration, hematocrit. At TO0, ferritin, vitamin D, and glucose blood
concentration values were also recorded. Mode of delivery, neonatal sex, weight, ponderal
index, head circumference, and umbilical arterial pH data were collected at delivery.
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2.3. Blood Collection, Placental Biometric Measurements, Inflammatory and Oxidative
Markers Assessment

At TO, maternal venous blood was withdrawn from a radial vein and collected in
EDTA or serum-separator tubes. Samples were centrifuged at 4000x g for 10 min at 4 °C;
plasma or serum were separated from cellular components and stored at —80 °C until use.

Placentas were weighed without membranes and cord, and after cleaning excess blood.
Placental area was estimated by measuring diameters and calculating the area of an ellipse
(D x d x m/4). Placental efficiency was calculated as the ratio between neonatal weight
and placental weight [28].

Levels of the inflammatory biomarkers hepcidin and C reactive protein (CRP) were
evaluated in maternal serum, while activities of the antioxidant enzymes catalase (CAT) and
superoxide dismutase (SOD), as well as total antioxidant capacity (TAC) and DNA/RNA
oxidative damage, were measured in maternal plasma, all sampled at third trimester.

Hepcidin. Serum levels of the bioactive peptide hepcidin-25 (ng/mL) were determined
using a commercially available ELISA kit (DRG Diagnostic GmbH, Marburg, Germany) ac-
cording to the manufacturer’s instruction. The kit was based on the principle of competitive
binding where endogenous hepcidin of sample competed with the added hepcidin-biotin
conjugate for binding to the coated antibody. Absorbance was determined at 450 nm using
a microplate reader.

C reactive protein (mg/L) serum level was determined using a commercially avail-
able ELISA kit (Alpha Diagnostic International, San Antonio, TX, USA) according to the
manufacturer’s instruction. The assay was based on simultaneous binding of human CRP
from samples to two antibodies, one immobilized on the microtiter well plate, and the
other conjugated to the enzyme horseradish peroxidase. Absorbance was measured on a
microtiter well ELISA reader at 450 nm, and concentrations of CRP in samples were read
off the standard curve.

Catalase and superoxide dismutase enzyme activities on plasma were determined
using commercially available kits (Cayman Chemical, Ann Arbor, MI, USA) and following
the manufacturer’s instructions. Briefly, CAT activity was determined by measuring
catalase peroxidative function based on the reaction between CAT and methanol in the
presence of an optimum concentration of hydrogen peroxide. Formaldehyde was measured
spectrophotometrically at 540 nm using 4 amino-3-hydrazino-5-mercapto-1,2,4-triazole.
Results are expressed in nmol/min/mL. Total SOD activity was measured by reduction of
cytochrome C by superoxide (O,* ™) radicals monitored spectrophotometrically at 450 nm
using the xanthine-xanthine oxidase system. Results are expressed in U/mL.

Total antioxidant capacity was assessed on plasma using the Cayman Chemical An-
tioxidant Assay, which measures the ability of antioxidants to inhibit ABTS oxidation.
Absorbance was recorded at 750 nm using an ELISA microplate reader.

Oxidative damage to DNA /RNA. Maternal plasma was assayed for oxidized guanine
species (8-OHG, 8-OH-dG, hydroxyguanosine), released during the repair process follow-
ing DNA/RNA damage. The DNA /RNA Oxidative Damage (High Sensitivity) ELISA Kit
(Cayman Chemical) was used, following the manufacturer’s instructions. Plasma samples
were assayed at 1:50 dilution in duplicate. Concentrations were calculated with the data
analysis tool supplied by the manufacturer (https://www.myassays.com/8-hydroxy-2-
deoxy-guanosine.assay (accessed on 10 January 2024)).

2.4. Dietary Intake Assessment

At TO, participants completed a validated semi-quantitative food frequency question-
naire (FFQ) covering dietary intake over the preceding 3 months. The FFQ, originally
developed for the Italian population, included 192 items and was slightly adapted to reflect
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recent eating habits and preferences, as previously detailed [29]. Individual daily intakes
of energy, macronutrients, and micronutrients were then calculated by dietitians and nutri-
tionists for each participant. For each item, consumption frequency and portion size were
entered in a spreadsheet together with the bromatological composition, obtained from the
Food Composition Database for Epidemiological Studies in Italy (BDA, www.bda-ieo.it/
(accessed on 28 April 2021)) and the Food Composition Tables of the Council for Agricul-
tural Research and Analysis of Agricultural Economics (CREA, www.crea.gov.it (accessed
on 28 April 2021)), as previously reported [13]. An example of calculation of the daily amount
of energy and macro- and micronutrients is reported in the Supplementary Materials.

Mean intake levels were also compared with the Italian recommendations outlined
in the LARN (“Reference Intake Levels of Nutrients and Energy for the Italian Popula-
tion”) [30]. In this document, pregnancy-specific reference values are reported for proteins,
lipids, minerals, vitamins, and water. The energy reference level (2646 kcal) was derived
from the LARN guidelines for Italian women aged 30-59 years, with an average height of
1.65 m (similar to our study population), an average weight of 61.3 kg, and an average daily
physical activity level of 1.6, corresponding to moderate activity. This value was adjusted
by adding the energy cost of pregnancy during the third trimester (496 kcal/day), based on
a gestational weight gain (GWG) of 12 kg in previously normal-weight women.

Additionally, the 192 food items from the FFQ were grouped into 15 food categories—
dairy, cereals, vegetables, legumes, potatoes, meat, fish, eggs, fruit, nuts, vegetable fats,
animal fats, sauces, sweets, and non-alcoholic beverages, based on their origin and sim-
ilarities in nutrient composition. This grouping strategy is consistent with approaches
adopted in previous studies that used principal component analysis (PCA) to derive dietary
patterns [29,31,32].

2.5. Statistical Analysis

Analyses were performed using SPSS Statistics v.29 (IBM; Armonk, NY, USA). Data
were tested for outliers; p-value < 0.05 was considered statistically significant.

Data were compared among the three BMI categories using one-way ANOVA (and
Tukey’s test for post-hoc analyses) or Kruskal-Wallis test (and pairwise comparisons with
Bonferroni’s correction), according to data distribution assessed with the Kolmogorov—
Smirnov test. Frequencies (parity, supplementation, anemia, adherence to weight gain
recommendations, mode of delivery, neonatal sex, adherence to dietary patterns) were
compared among the three BMI groups with Chi-square test or Fisher’s exact test.

Dietary patterns were extracted from reliable FFQs by using the PCA, which ag-
gregates specific food groups into complex dietary patterns according to the degree of
the inter-correlation, as detailed in Anelli et al. 2022 [29]. Only dietary patterns with
eigenvalues > 1.1 were extracted, thus reducing the bias of multiple testing. After per-
forming the PCA, each food group automatically receives a factor loading representing the
strength of correlation to the extracted dietary patterns. Finally, when performing the PCA,
all women are automatically assigned a component score for each extracted dietary pattern,
representing their adherence to that specific dietary pattern. Dietary pattern adherence
(component scores) was compared between the study groups by using the Kruskal-Wallis
test. To estimate associations between BMI groups, maternal dietary pattern adherence
(component scores), biomarker concentrations, and delivery outcomes, general linear and
binary logistic regression models adjusted for confounding factors (maternal age, pregesta-
tional BMI, parity, supplementation; gestational age at T0, gestational weight gain at TO;
energy; gestational age at T1, gestational weight gain at T1, neonatal sex) were estimated.

The analyses and data presented in this manuscript refer to secondary aims of the
broader research project. As such, a specific sample size calculation was not performed
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for these outcomes, which were explored within the framework of a real-world observa-
tional study.

3. Results

A total of 85 NW, 48 OW, and 29 OB women were enrolled. Six NW and three OW
women discontinued the study due to personal reasons. Reasons for discontinuation
included participant withdrawal of consent, lack of availability or follow-up, and logistical
difficulties during the COVID-19 emergency. Therefore the described population included
79 NW, 45 OW, and 29 OB pregnant women.

3.1. Maternal, Placental, and Neonatal Data

Table 1 reports maternal data (general, at third trimester, and at delivery) and placental
and neonatal data.

Table 1. Maternal, placental, and neonatal data.

NwW

(0)%Y

OB

Age ? [years]
Pre-pregnancy Weight 2 [kg]
Pre-pregnancy BMI ? [kg/m?]
Supplementation: none (%)
only folic acid (%)
iron (%)
multivitamin (%)

Maternal General Data
34 (31-36)
57 (53-61)
20.3 (19.5-22.6)

14.1
16.7
14.1
55.1

34.0 (32.0-36.5)
73 (69.3-76.5) °°°
26.8 (25.8-28.2) °°°
25.0
9.1
114
545

35.0 (32.0-37.5)

87 (81-102) °°°-**
32.3 (31.2-35.9) °°°*
25.0
7.1
25.0
429

Gestational Age 2 [weeks]
Mat—GWG ? [kg]
Mat—Hemoglobin ! [g/dL]
Anemia (%)
Mat—Hematocrit ! [%]
Mat—Glycemia ! [mg/dL]
Mat—Vitamin D 2 [ng/mL]
Mat—Ferritin 2 [ng/mL]

Data at Third Trimester (T0)

32.0 (30.5-33.7)
9.1 (8.0-11.0)
11.6 (11.1-12.2)
20.3
34.7 (33.2-36.1)
75.0 (69.3-79.8)
23.9 (15.9-31.9)
11.0 (7.8-15.3)

31.7 (30.9-33.1)
9.0 (7.0-12.0)
11.4 (10.7-11.9)
279
34.0 (32.0-35.8)
79.0 (75.0-83.0) °°
22.0 (18.0-29.2)
13.0 (8.0-18.0)

33.0 (30.9-35.0)
5.0 (—0.5-9.4) 00+
12.1 (11.6-12.7) *
185
36.5 (34.2-38.0) ***
80.7 (77.0-84.5) °°°
23.0 (18.0-37.9)
13.7 (9.5-22.0)

Gestational Age 2 [weeks]
Mat—Weight 2 [kg]
Mat—GWG ? [kg]
Mat—GWG according to IOM recommendations:
(Chi-square test: p-value = 0.002)
below (%)
within (%)
above (%)
Mat—Hemoglobin 1 [g/dL]
Anemia (%)
(Chi-square test: p-value = 0.038)
Mat—Hematocrit ! [%]
Mode of delivery:
Spontaneous or Vacuum-Assisted delivery (%)
Cesarean Section (%)

Data at Delivery (T1)
39.9 (38.7-40.6)
69.0 (63.5-75.0)
12.0 (10.0-14.0)

373
50.7
12.0

11.7 (11.1-12.3)

20.0
34.9 (33.0-36.8)

84.6
15.4

39.7 (38.8-40.7)
85.0 (79.1-92.0) °°°
10.3 (9.0-16.0)

15.4
43.6
41.0
11.2 (10.3-12.3)

438
33.0 (30.6-35.8)

77.3
22.7

39.3 (39.0-40.0)
96.0 (89.0-107.8) °°°-*
7.5 (3.0-12.5) °°°*

28.6
32.1
39.3

12.1 (11.2-13.1) *

20.7
36.0 (33.0-38.1) *

79.3
20.7
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Table 1. Cont.
NwW ow OB

Placental Weight ! [g] 480.0 (382.5-560.0) 520.0 (430.0-609.8) 500.0 (419.5-640.0)
Placental Area ! [cm?] 251.3 (197.9-282.7) 238.8 (201.5-274.5) 223.8 (179.5-253.7)
Neonatal/Placental Weight Ratio 2 6.9 (6.0-8.4) 6.6 (5.7-7.4) 6.5 (5.6-7.6)
Neonatal Weight 2 [g] 3340 (3135-3530) 3435.0 (3107.5-3703.8) 3380 (3190-3725)
Neonatal Head Circumference 2 [cm] 34.5 (33.5-35.0) 34.5 (33.5-35.0) 35.0 (33.6-35.5)
Neonatal Ponderal Index 2 [g/cm?] 2.6 (2.5-2.8) 2.6 (2.4-2.8) 2.8 (2.5-2.9)
Neonatal Sex: Male (%) 47.4 56.8 58.6

Female (%) 52.6 43.2 414
Umbilical Artery pH 7.28 (7.23-7.34) 7.24 (7.16-7.34) 7.27 (7.20-7.32)

Data were analyzed according to their distribution with ! one-way ANOVA (Tukey’s HSD as post hoc test) or
2 Kruskal-Wallis test (pairwise comparison as post hoc test with Bonferroni correction). Data are presented as me-
dian (25th-75th percentile). Post hoc test: °° p <0.01, °°° p <0.001 versus NW; * p <0.05, ** p < 0.01, *** p < 0.001 ver-
sus OW. BMI = Body Mass Index; Mat = Maternal; GWG = Gestational Weight Gain; IOM = Institute Of Medicine.

Notably, the frequency of not supplemented women tended to be higher in both
OW and OB than in controls, and in OB, a larger percentage of women needed iron
supplementation.

At TO, OB women had gained on average significantly less weight than those in both
the NW and OW groups, although there was considerable variability among individuals.
Hemoglobin and hematocrit levels were higher in OB than in OW women, but no significant
differences in anemia frequency were found among groups. Moreover, glucose levels
were significantly higher in both OW and OB women compared to NW women, but they
remained below the diagnostic cut-off for gestational diabetes, according to the study
inclusion criteria.

At delivery, gestational weight gain (GWG) remained on average significantly lower
in the OB group compared to both the NW and OW groups. GWG was also assessed based
on adherence to the Institute of Medicine (IOM) recommendations, which are stratified by
pregestational BMI. The proportions of women whose GWG fell below, within, or above the
recommended ranges were calculated for each BMI category, revealing significant overall
differences. Specifically, a substantial proportion of OW and OB women gained more
weight than recommended. OW women had lower hemoglobin and hematocrit levels and
showed a higher prevalence of anemia compared to both NW and OB groups.

Finally, it is noteworthy that placental characteristics were not significantly different
among the three BMI groups, but OW and OB mothers showed higher placental weight and
lower neonatal /placental weight ratios than controls, and placental area was less extended
in the OB group, suggesting lower placental efficiency with increasing BML

3.2. Inflammatory and Oxidative Markers at Third Trimester

Results of comparison among the three BMI groups are reported in Table 2. Hepcidin
and CRP levels, as well as catalase activity and DNA /RNA oxidative damage, increased
with BMI and were significantly higher in both OW and OB women compared to con-
trols. No differences among the three BMI groups were found for SOD activity and total
antioxidant capacity.
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Table 2. Maternal inflammatory/oxidative biomarkers at III trimester in plasma/serum.
NW (027 OB
- 71.84 (60.86-79.24) 81.40 (73.79-92.95) °° 90.38 (73.66-121.5) °°°
2
Hepcidin © [ng/mL] (n = 26) (n = 26) (n=18)
C Reactive Protein ! 3.009 (1.877-4.743) 5.682 (3.733-7.090) © 6.316 (4.339-9.528) °°°
[mg/L] (n=27) (n=27) n=19)
Catalase Activity 2 15.74 (13.27-20.21) 27.48 (18.13—42.99) °° 28.44 (23.08-49.45) °°°
[nmol/min/mL] (n=28) (n =25) (n=15)
. 0.600 (0.525-0.770) 0.580 (0.498-0.665) 0.620 (0.360-0.750)
1
SOD Activity * [U/mL] (n = 32) (n = 26) (n=17)
1.000 (0.963-1.028) 0.990 (0.960-1.033) 1.040 (0.985-1.065)
1
TAC * [mM] (n = 28) (n = 26) (n=17)
DNA /RNA Oxidative 8108.7 (6417.3-10,156.9) 9597.8 (7601.9-13,013.4) © 11,213.5 (9640.2-16,888.6) °°°
Damage 2 [pg/mL] (n=76) (n = 40) (n=23)

Data were analyzed according to their distribution with ! one-way ANOVA (Tukey’s HSD as post hoc test) or
2 Kruskal-Wallis test (pairwise comparison as post hoc test with Bonferroni correction). Data are presented as
median (25th—75th percentile). Post hoc test: © p < 0.05, °° p < 0.01, °°° p < 0.001 versus NW. SOD = SuperOxide
Dismutase; TAC = Total Antioxidant Capacity.

3.3. Association of Maternal Markers and Clinical Maternal, Placental, and Neonatal Data

Table 3 shows the significant results from generalized linear models estimating the
associations between maternal inflammatory /oxidative biomarkers at TO and clinical data.

Table 3. Significant associations between maternal markers at 3rd trimester (T0) and clinical, neona-

tal/placental data.
Maternal/General B (95% CI) Neonatal/Placental B (95% CI)
Data p-Value Data p-Value
. 1 Pregestational BMI 3 =1.419 (0.398; 2.439) Neon. ponderal index 3 =0.006 (0.002; 0.009)
Hepcidin [ng/mL] [kg/m?] p =0.006 [g/cm?] p = 0.004
C Reactive Protein ~ Pregestational BMI 3 =0.297 (0.159; 0.435) Neon. head 3 = —0.135 (—0.240; —0.030)
[mg/L] [kg/ m?2] p = 0.000 circumference [cm] p=0.012
Pregestational BMI 3 =1.536 (0.702; 2.369) . B =5.767 (0.726; 10.81)
Neonatal weight [g]
2 _ ghtlg -
Catalase activity [kg/m?] p =0.000 p=0.025
[nmol/mL] Gestational age TO B =2.366 (0.562; 4.171) . B =2.642 (0.424; 4.861)
[weeks] p=0010 Placental weight [g] p =0.020
SOD activity Neon. ponderal index 3 =0.439 (0.026; 0.851)
[U/mL] [g/cmS] p =0.037
Multivitamin 3 = 0.046 (0.010; 0.082)
TAC [mM] supplementation p=0.012
Maternal age 3 = —353.5 (—652.7; —54.2))
[years] p=0.021
Pregestational BMI 3 =409.9 (227.4; 592.3)
DNA/RNA [kg/m?] p = 0.000
oxidative damage
[pg/mL] Folic acid 3 =4452.7 (1210.3; 7695.0)
supplementation p = 0.007
Gestational age TO B =512.3(62.5;962.1)
[weeks] p =0.026

The model includes adjustment for potential confounders (maternal age, pregestational BMI, parity, supplementa-
tion; gestational age at 3rd trimester, gestational weight gain at 3rd trimester; gestational weight gain at delivery;
gestational age at delivery; neonatal sex). Effect estimates indicate the amount of change in the dependent
variable for every unit increase in the independent variable. Neon. = Neonatal; SOD = SuperOxide Dismutase;
TAC = Total Antioxidant Capacity.
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Interestingly, even after adjusting for confounding factors, pregestational BMI was
significantly associated with hepcidin and CRP levels, catalase activity, and DNA/RNA
oxidative damage, thereby strengthening the evidence observed in the group comparisons
(Table 2).

Hepcidin levels were positively associated with neonatal ponderal index. CRP concen-
tration was negatively associated with neonatal head circumference. Positive associations
were found between catalase activity and neonatal weight, and between SOD activity and
neonatal ponderal index.

Notably, supplementation with multivitamins was positively associated with total
antioxidant capacity.

Regarding placental biometric parameters, catalase activity was significantly associate
with placental weight.

3.4. Energy and Nutrient Daily Intake

Table 4 reports the mean daily intake levels for energy, macro-, and micronutrients
among the three population groups (NW, OW, OB), calculated from the Food Frequency
Questionnaires administered at third trimester of pregnancy and related to the previous
3 months.

Table 4. Energy and macro- and micronutrient daily intakes, from FFQ.

NW (n = 65)

OW (n =44)

OB (n = 26)

Energy (kcal) 2
Total protein (g) !
Animal protein (g) !
Vegetable protein (g) !
Total carbohydrates (g) 2
Glucose (g) 2
Fructose (g) 2
Fiber (g) 2
Total lipids (g) 2
Animal lipids (g) 2
Vegetable lipids (g) 2
SFA (g) 2
Arachidic acid (g) 2
MUFA (g) 2
Oleic acid (g) 2
PUFA (g) 2
EPA (g) 2
DHA (g) >
Cholesterol (mg) 2
Iron (mg) 2
Calcium (mg) 2
Sodium (mg) 2
Potassium (mg) 2
Phosphorus (mg) 2
Zinc (mg) 2
Magnesium (mg) 2
Copper (mg) *
Selenium (pg) 2
Chlorine (mg) 2
Iodine (ng) 2
Manganese (mg) 2
Sulfur (mg) !

2054.7 (1644.3-2607.1)
86.79 (68.35-99.75)
49.77 (38.44-65.51)
35.60 (27.50-40.80)
272.8 (207.5-361.4)

12.35 (8.17-19.61)
15.70 (9.99-23.12)
29.40 (22.18-36.92)
78.90 (61.91-99.51)
38.98 (29.31-48.00)
36.38 (28.00-47.83)
24.62 (19.93-32.35)
0.17 (0.10-0.20)
32.17 (24.84-39.26)
30.64 (23.69-37.01)
11.42 (9.09-14.85)
0.20 (0.10-0.26)
0.30 (0.20-0.43)
267.7 (191.3-319.2)
14.50 (11.55-18.97)
832.1 (704.3-1105.6)

1980.9 (1598.1-2434.9)

3372.1 (2878.8-4268.9)

1521.6 (1264.0-1781.7)
17.14 (12.97-22.40)
163.3 (124.5-220.6)

1.00 (0.74-1.35)
47.8 (37.29-61.96)
1245.2 (926.2-1680.3)
92.20 (64.61-142.9)
0.99 (0.54-1.61)
430.5 (342.4-544.3)

2211.3 (1770.3-2667.4)
91.54 (74.27-107.30)
54.92 (41.29-66.70)
34.50 (28.80-45.33)
293.5 (228.9-328.2)
9.60 (5.68-16.07)
11.24 (7.22-20.74)
26.69 (22.33-39.31)
83.49 (74.09-107.13)
39.34 (31.06-50.27)
43.72 (36.46-54.20) °
25.46 (20.09-33.45)
0.20 (0.17-0.22) °°
36.69 (31.01-41.71)
35.00 (29.66-40.09)
12.04 (8.87-17.25)
0.20 (0.10-0.30)
0.30 (0.20-0.50)
280.4 (223.4-358.2)
16.17 (12.15-19.89)
946.2 (740.4-1261.8)
2205.7 (1717.8-2634.2)
3731.9 (2782.4-4892.9)
1648.3 (1273.1-1966.9)
20.05 (15.45-24.80)
167.0 (124.6-190.2)
1.06 (0.80-1.30)
49.14 (38.41-78.48)
1241.5 (917.1-1852.2)
95.30 (76.69-132.3)
0.80 (0.42-1.78)
484.6 (334.0-577.5)

1860.1 (1658.2-2255.1)
84.42 (72.73-107.00)
52.48 (42.78-75.75)
31.85 (27.55-39.05)
238.8 (215.8-329.2)

10.72 (4.84-13.01)
11.80 (7.64-15.78)
23.15 (18.81-30.45)
66.82 (56.40-91.03) *
32.01 (24.55-49.25)
34.54 (27.95-44.33) *
21.45 (16.15-30.68)
0.20 (0.10-0.20)
29.80 (24.75-36.58) *
27.90 (22.80-34.70) *
10.25 (7.50~15.25)
0.16 (0.06-0.30)
0.30 (0.10-0.50)
233.2 (199.7-298.9)
13.79 (10.98-19.85)
855.2 (643.5-1079.8)

1905.4 (1515.5-2629.0)

3231.5 (2672.1-3842.3)

1372.9 (1193.2-1754.5)
16.37 (13.71-21.52)
141.8 (107.3-173.7)

0.85 (0.65-1.13)
49.90 (33.61-69.13)

1135.9 (796.3-1712.1)

97.42 (68.91-128.9)
0.69 (0.38-1.05)
462.1 (315.2-598.1)
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Table 4.

Cont.

NW (n = 65)

OW (n =44)

OB (n =26)

Vitamin C (mg) 2
Niacin (mg) 2
Vitamin B6 (mg) 2
Folate (total) (ug) 2

Pantothenic acid (mg) 2

Biotin (pg) 2
Vitamin B12 (ug) 2

Vitamin A (RE) (ug) 2
Vitamin E («-TE) (mg) 2

Vitamin D (ug) 2
Vitamin K (pug) 2
Water (g) 2

Vitamin B1 (Thiamine) (mg) ?
Vitamin B2 (Riboflavin) (mg) 2

1.37 (1.15-1.86)
1.81 (1.51-2.22)
203.9 (146.0-272.0)
20.29 (16.60-25.08)
5.25 (3.90-6.67)
338.0 (281.7-448.8)
2.70 (1.94-3.40)
18.80 (14.59-29.39)
8.09 (6.13-11.34)

1.46 (1.19-1.90)
1.95 (1.50-2.49)
213.8 (122.9-286.4)
21.85 (16.82-27.37)
5.60 (3.87-7.33)
371.1 (269.7-526.2)
3.01 (2.21-3.63)
22.80 (14.38-28.25)
8.74 (6.63-13.21)

1.40 (1.15-1.95)
1.80 (1.60-2.42)
178.3 (119.3-265.4)
20.11 (16.80-28.98)
6.19 (5.07-7.83)
335.5 (279.6-429.4)
3.04 (2.00-3.85)
19.50 (13.02-25.53)
8.55 (5.00~15.08)

1534.3 (1073.0-19.09.5)
12.75 (10.55-16.15)
2.86 (1.99-3.75)
17.80 (8.81-35.71) 9.75 (4.48-21.44) ° 6.55 (3.06-14.03) °°°
1129.7 (944.1-1441.8) 1117.9 (905.8-1549.3) 1018.4 (868.9-1251.0)

1861.8 (1298.2-2145.7)
15.03 (11.78-17.66)
2.62 (2.05-5.08)

1228.9 (935.9-2092.0)
11.48 (9.69-14.64) **
2.50 (1.67-4.08)

Data were analyzed according to their distribution with ! one-way ANOVA (Tukey’s HSD as post hoc test) or
2 Kruskal-Wallis test (pairwise comparison as post hoc test with Bonferroni correction). Data are presented as
median (25th-75th percentile). Post hoc test: ° p < 0.05, °° p < 0.01, °°° p < 0.001 versus NW; * p < 0.05, ** p < 0.01
versus OW. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty
acids; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; RE = retinol equivalents; «-TE = alpha-
tocopherol equivalents.

Energy intake was not significantly different among groups.

Among macronutrients, no significant differences were found in protein and carbohy-
drate intake levels, except for fructose intake, which was significantly different among the
three groups (p = 0.048), although statistical significance was not retained in the pairwise
comparisons (OW-NW; OB-NW; OB-OW).

Conversely, lipid intake showed differences among groups. Indeed, OW women
showed a significantly higher intake of total lipids compared to OB and of vegetable lipids
compared to both OB and NW. Consistently, the intakes of monounsaturated fatty acids
(MUFA) and oleic acid were significantly lower in OB compared to OW, while arachidic
acid was higher in OW than in NW.

Among micronutrients, vitamins E and K showed significantly different intakes among
groups: intake of vitamin E was lower in OB than in OW women, whereas vitamin K intake
was lower in both OW and OB groups compared to NW.

The mean intake levels for each BMI category (NW, OW, OB) were then compared to
the Reference intake levels of nutrients and energy for the Italian population (LARN [30])
(Figure 1).

The energy requirement was not reached in any of our study categories.

Conversely, the mean intake of total proteins, both as percentage of total energy and
in grams, exceeded recommendations in each group of pregnant women. The percentage
of total carbohydrates was adequate (falling within the reference range of 45-60% of total
energy intake), but the intake of sugars was excessive. The average percentage of total
lipids was similar to the recommended levels, but intakes of both saturated (SFA) and
monounsaturated (MUFA) fatty acids exceeded the recommended maximum percentages,
while polyunsaturated fatty acids (PUFA) were assumed in markedly lower amounts than
the reference levels across the entire study population. Concerning specific lipids, EPA and
DHA intakes surpassed LARN recommendations, and cholesterol levels were below the
established maximum.

Several deficiencies in mineral intakes were observed, regardless of BMI category.
Indeed, only sodium, phosphorus, and zinc exceeded the reference values. Vitamin intake
was highly irregular. Vitamin K and vitamin D were substantially insufficient to meet
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recommendations in all population groups; similarly, folates, pantothenic acid, and biotin
did not reach adequate levels. Conversely, vitamins B1, B6, B12, C, and A surpassed
reference values across all BMI categories.

Finally, water consumption was adequate in all women.

0 0.5 1 1.5 2 25 3 3.5

Energy, keal =

Proteins, g
Proteins, %

Animal Proteins, % |

Vegetable Proteins, %
Total Carbohyrates, % —

Sugars, %
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MUFA, %
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EPA+DHA, mg
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Fibers, g

MACRONUTRIENTS

Tron, g e
Calcium, mg _
Sodium, mg

Potassium, mg |t
Phosphorus, mg
Zinc, mg
Magnesium, mg | —

Copper, g |,
Selenium, |12 |
Chlorine, mg |,

Todine, g |
Manganese, mg —-

MINERALS

Vitamin B1 (Thiamine), mg
Vitamin B2 (Riboflavin), mg
Vitamin C, mg
Niacin, mg
Vitamin B6, mg
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Panthotenic Acid, mg | —
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n
Vitamin K, pg Bo ow

Total Water Intake, mL —

Figure 1. Histogram representation of the average intake values of energy and nutrients compared
to LARN (Italian Recommended Nutrient Intake Levels [30]). The blue line represents 100% of the
recommendations. When LARN values are expressed as ranges, the upper continuous line refers

VITAMINS

u
NwW

OB

to the upper limit of the range, while the lower discontinuous lines refer to the lower limit of the
range. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated
fatty acids; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; RE = retinol equivalents;
o-TE = a-tocopherol equivalents; Total Water Intake = drinking water, and water assumed from food
and beverages.
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3.5. Dietary Patterns

After grouping FFQ items into 15 food categories, four dietary patterns were extracted
using principal component analysis. These four patterns overall explained 49% of maternal
dietary intake variance in the entire study population (Table 5).

Table 5. Dietary patterns, from FFQ.

Pattern 1 Pattern 2 Pattern 3 Pattern 4
Explained variance 19.1% 12.3% 9.5% 8.1%
54.7% of NW 1 50.0% of NW 32.8% of NW 48.4% of NW
Adhering women 36.4% of OW 1 43.2% of OW 43.2% of OW 50.0% of OW
26.9% of OB ! 30.8% of OB 53.8% of OB 30.8% of OB

Adherence value %:

NW 0.495 (0.243-1.054) 0.700 (0.364-1.346) 0.442 (0.232-0.794) 0.340 (0.118-0.990))
oW 0.726 (0.431-1.477)  0.657 (0.246-1.214)  0.746 (0.132-1.920)  0.805 (0.366-1.603) °
OB 0.701 (0.326-1.224) 0.352 (0.067-1.318) 0.635 (0.280-1.540) 0.530 (0.382-0.784)
Food categories:
Dairy —0.075 0.481 0.186 0.192
Cereals 0.384 0.529 0.131 0.139
Vegetables 0.596 —0.045 0.277 0.371
Legumes 0.713 0.213 0.123 —-0.124
Potatoes 0.071 0.217 0.608 —0.038
Meat —0.304 0.253 0.694 0.093
Fish 0.233 —0.220 0.772 0.089
Eggs —0.126 —0.056 0.031 0.715
Fruits 0.395 0.214 0.064 0.545
Nuts 0.611 0.000 —0.076 0.161
Vegetable fats —0.005 0.186 0.287 0.503
Animal fats 0.017 0.674 —0.060 —0.292
Sauces —0.452 0.319 0.226 0.120
Sugars and snacks 0.044 0.735 0.054 0.273
Non-alcoholic 0.215 0.089 ~0.115 0.494

beverages

Relation between food categories and dietary patterns, expressed by factor loadings. The factor loadings indicate
how much each food category correlates with the extracted dietary patterns. The factor loadings with the highest
absolute value, highlighted in bold type, were used for pattern labelling. Adherence values are presented as
median (25th-75th percentile). ! Chi Square Test, p < 0.05; 2 Kruskal-Wallis test (pairwise comparison as post hoc
test with Bonferroni correction). Post hoc test: © p < 0.05 versus NW. Please note: Each woman did not exclusively
adhere to a single pattern but might adhere to more than one.

Specifically:

e Pattern 1 (high plant, low animal: “Prudent-style”) was characterized by high adher-
ence to legumes, nuts, vegetables, and fruit, and low adherence to sauces.

e  Pattern 2 (ultra-processed food, high animal: “Western-like”) showed high adherence
to sugar and snacks, animal fats, cereals, and dairy products.

e Pattern 3 (high protein and carbohydrates: “Moderately beneficial”) featured high
fish, meat, and potatoes.

e Pattern 4 (moderate protein, moderate plant, moderate sugar: “Moderate-mixed”)
was defined by high adherence to eggs, fruits, vegetable fats, and non-alcoholic
beverages (such as sugar-sweetened beverages, artificially sweetened drinks, fruit
juices, coffee, tea).

In the comparison among NW, OW, and OB women, adherence to Pattern 1 differed
significantly among groups (Chi-square test: p = 0.029), with adherence decreasing as
BMI increased.
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OW women showed a significantly higher mean adherence value to Pattern 4 com-
pared to NW women.

Multi-adjusted generalized linear models were performed to evaluate the associations
between adherence to dietary patterns (component scores) and maternal blood markers at
3rd trimester and neonatal and placental data (Table 6).

Table 6. Significant associations between adherence to dietary patterns, maternal blood markers at

3rd trimester, and neonatal and placental data.

3rd Trimester
Maternal Blood

B (95% CI)

Neonatal and

B (95% CI)

Markers p-Value Placental Data p-Value
Gestational age at 3 =0.243 (0.019; 0.466)
T1 [weeks] p=0.033
Pattern 1
Neon. head B =—0.414 (—0.826; —0.001)
circumference [cm] p =0.050
- 3 = —2.093 (—4050; —0.135) Neon. head 3 = 0.403 (0.026; 0.779)
Pattern2 Ferritin [ng/mL] p=0.036 circumference [cm] p=0.036
3 = 0.015 (0.000; 0.030)
Pattern 3 TAC [mM] p = 0.046
. B =31.479 (7.723; 55.235)
Pl tal ht
. B = —0223 (—0402; —0.043) | acentalweight [g] p = 0.009
Pattern 4 Hemoglobin [g/dL] ~0.015
p=0. Neonatal/Placental 3 = —0.384 (—0.717; —0.052)
weight ratio p=0.023
3 = —0.031 (—0.058; —0.005)
Placental area [cm?]
In Pattern 3 p = 0.020
Energy [kcal] Neonatal /Placental A = 0.001 (0.000; 0.001)
weight ratio p=0.044
. 3 = —0.041 (—0.081; —0.000)
Placental weight [g] p = 0.049
In Pattern 4 = —0.027 (—0.051; —0.003)
2 ’
Energy [keal] Placental area [cm~] p=0.026
Neonatal /Placental 3 =0.001 (0.000; 0.001)
weight ratio p =0.040

The model includes adjustment for potential confounders (maternal age, pregestational BMI, parity, supplementa-
tion. For 3rd trimester molecular data: gestational age at 3rd trimester, gestational weight gain at 3rd trimester.
For neonatal and placental data: energy; gestational age at delivery, gestational weight gain at delivery, neonatal
sex). Effect estimates indicate the amount of change in the dependent variable for every unit increase in the
independent variable. Neon. = Neonatal; TAC = Total Antioxidant Capacity.

Pattern 1 showed a positive association with gestational age at delivery and a negative
association with neonatal head circumference; interestingly, the latter was positively associ-
ated with Pattern 2. A negative association was observed between Pattern 2 and ferritin
levels. Pattern 3 and Pattern 4 were respectively associated with total antioxidant capacity
(positively) and hemoglobin concentration (negatively).

Pattern 4 was also positively associated with placental weight and negatively with the
neonatal /placental weight ratio.

Furthermore, among women adhering to Patterns 3 and 4, maternal energy intake
was negatively associated with placental weight or area and positively associated with the
neonatal /placental weight ratio.

4. Discussion

This study explored the relationship between dietary patterns during pregnancy
and maternal oxidative-inflammatory status, as well as obstetric, placental, and neonatal
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outcomes in women with different pregestational BML. The results confirmed and extended
current evidence by integrating nutritional, biochemical, and obstetric data, suggesting
how both excess maternal adiposity and suboptimal diet quality may contribute to a pro-
inflammatory and pro-oxidant intrauterine environment, potentially affecting maternal
health and fetal development.

4.1. Study Population and Maternal Blood Biomarkers

Despite the overall good health status of the study population and the absence of
conditions known to influence the outcomes under investigation, numerous alterations
were nonetheless identified, clearly associated with pregestational BMI and individual
dietary intake and patterns.

The present findings showed that both overweight and obese women exhibited signifi-
cantly higher circulating levels of inflammatory markers (hepcidin and CRP) and increased
oxidative stress (DNA/RNA oxidative damage and catalase activity) compared to normal-
weight women, corroborating recent evidence linking excess maternal adiposity to chronic
low-grade inflammation and redox imbalance during gestation [11,33-36]. Importantly, the
associations between pregestational BMI and these biomarkers remained significant even
after adjusting for confounding variables, supporting the hypothesis of a potential indepen-
dent contribution of excess adiposity, although no causal inferences can be drawn from this
observational design. These results align with the growing body of evidence supporting the
concept of maternal “inflammaging” induced by excess adiposity [8,37—40] that disrupts
redox balance, immunomodulation, and endothelial function—which are increasingly
recognized as key modulators of placental function and fetal programming—with conse-
quences for both the mother and fetus [41-50]. Emerging evidence provides mechanistic
support for the association between nutrient deficiencies, oxidative stress, and abnormal
placentation and fetal growth. For instance, studies by Jansson & Powell [51-53] showed
that maternal undernutrition or obesity alters placental mTOR signaling and amino acid
transport, predisposing to fetal growth restriction or overgrowth via dysregulated nutrient
sensing and NF kB pathway activation. Furthermore, human and animal studies [54-56]
demonstrate that oxidative stress impairs trophoblast invasion and spiral artery remodel-
ing, mediated via NF kB upregulation and diminished Nrf2-driven antioxidant defense,
ultimately reducing placental perfusion, functionality, and nutrient delivery. Consistent
with this, recent reviews [57,58] highlight how dietary patterns influence placental reactive
oxygen species generation and anti-inflammatory pathways (e.g., Nrf2), suggesting that
antioxidant micronutrients (e.g., vitamins, polyphenols, omega-3) modulate these signaling
cascades toward improved placental structure and function.

The frequency of not supplemented women was higher in both the OW and OB groups
than in controls, and a larger percentage of OB women needed iron supplementation, which
might explain their higher hemoglobin concentration. Notably, in the total population,
multivitamin supplementation was positively associated with antioxidant capacity, rein-
forcing the protective role of micronutrients in counteracting the pro-oxidant environment
typical of obesity [14,59-63]. Nevertheless, OW and OB women exhibited higher levels of
oxidative stress markers, highlighting the substantial increase in oxidative stress associated
with excess adipose tissue.

The observed associations between hepcidin and neonatal anthropometrics further
suggest that inflammation and, possibly, iron homeostasis may be involved in the mod-
ulation of fetal growth and body composition. Elevated CRP was negatively associated
with neonatal head circumference, while catalase activity was positively related to both
neonatal and placental weight, and SOD activity with neonatal ponderal index. These
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findings reinforce the role of redox and inflammatory balance in mediating maternal—fetal
nutrient exchange and tissue development [64-69].

In terms of gestational weight dynamics, OW and OB women presented higher weight
at delivery, but women with pregestational obesity gained significantly less weight during
pregnancy. Despite this, a considerable proportion of OW and also OB women exceeded the
Institute of Medicine (IOM) recommendations. As shown, maternal levels of inflammatory
and oxidative markers were increased in women with higher BMI, suggesting that even
moderate weight gain when pregestational BMI is elevated cannot counteract the negative
effect of excessive pre-pregnancy adiposity, playing a critical role in determining maternal
and neonatal risk profiles [9]. This supports calls to revisit current GWG thresholds in these
populations [70-73]. If lower GWG thresholds were adopted for OW and OB women, an
even greater proportion of the cohort in our study would fall into a higher-risk category—
potentially explained, at least in part, by the inflammatory and oxidative imbalances that
were observed.

4.2. Dietary Analysis and Association with Biomarkers and Clinical Data

The dietary analysis revealed that while total energy intake did not differ significantly
among BMI groups, the composition and quality of macronutrients and micronutrients
partially varied. Specifically, overweight women showed a higher total lipid intake, con-
firmed by increased consumption in specific categories such as monounsaturated fatty
acids (MUFA), oleic acid, and vegetable fats. Moreover, women with pregestational obe-
sity showed a significantly lower intake of vitamin E (x-tocopherol), which is known to
contribute to antioxidant defense and anti-inflammatory activity and is associated with pos-
itive birth outcomes [74-76], while both OW and OB showed decreased vitamin K intake,
whose deficiency during pregnancy can lead to severe maternal and neonatal hemorrhagic
complications [77-79].

Importantly, regardless of intake differences between BMI groups, most women in the
study did not comply with the Italian dietary recommendations for pregnant women [30],
indicating an overall poor diet quality. Mean energy intake across all BMI categories fell
below the recommended levels. Notably, the intake of polyunsaturated fatty acids, as well
as several minerals and vitamins, was significantly lower than the recommended levels.
Such inadequacies highlight the need for nutritional counseling based on not only quantity
but also quality, particularly in populations with excess body weight. These nutritional data
also align with the longitudinal Italian study by Lisso et al. 2022 [13], which documented
energy intakes below LARN recommendations, as well as polyunsaturated fatty acid
and multiple micronutrient inadequacies across pregnancy, emphasizing persistent gaps
between dietary guidelines and real-world practice.

In addition, principal component analysis identified four dietary patterns, showing
distinct associations with maternal biochemical profiles and perinatal outcomes, high-
lighting the complex role of maternal diet in modulating maternal blood markers and
placental pathways.

Interestingly, Pattern 1 (high plant, low animal: “Prudent-style”), which reflected a
plant-forward dietary pattern characterized by higher adherence to legumes, nuts, fruits,
vegetables, and low consumption of sauces, was positively associated with gestational age
at delivery, supporting its potential role in prolonging pregnancy duration and reducing
the risk of early delivery. Pattern 1 was also negatively associated with neonatal head
circumference, which may suggest more favorable intrauterine growth trajectories. These
observations reinforce the well-established role of plant-based, antioxidant-rich diets in
supporting a healthier pregnancy trajectory and align with prior evidence indicating that
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“prudent-style” dietary patterns, resembling the Mediterranean diet, promote maternal
metabolic health and may improve perinatal outcomes [46,80-84].

Conversely, Pattern 2 (ultraprocessed food, high animal), reflecting a more “Western-
like” dietary profile dominated by sugars, snacks, animal fats, cereals, and dairy, was
associated with higher neonatal head circumference and lower ferritin levels, suggesting
potential links between pro-inflammatory dietary patterns and altered iron homeostasis
and fetal growth. Moreover, despite a relatively high energy intake typical of this food
profile, this pattern was not associated with improved placental efficiency, supporting the
notion that energy excess in the absence of nutrient adequacy may contribute to suboptimal
outcomes. Although these relationships warrant cautious interpretation, they suggest that
maternal diet may subtly influence fetal growth patterns.

Among the four identified dietary patterns, Patterns 3 and 4 revealed more complex
associations with maternal biomarkers and placental outcomes, reflecting the multifaceted
nature of real-world dietary behaviors.

Pattern 3, characterized by high intake of fish, meat, and potatoes (high-protein,
carbohydrate: “Moderately beneficial”), was positively associated with maternal total
antioxidant capacity (TAC). This suggests that, despite not being classically “Prudent-style”,
this pattern may include foods, such as fish, rich in omega-3 fatty acids and selenium,
potentially contributing to systemic antioxidant defenses. This may represent a partially
protective effect in women at metabolic risk. Moreover, no direct associations with adverse
delivery outcomes were observed, suggesting a neutral or mildly protective metabolic
profile. Therefore, Pattern 3 may be considered a nutritionally mixed profile with no
apparent adverse associations and some indications of potential metabolic benefit.

Pattern 4, a “moderate-mixed” pattern including eggs, fruit, vegetable fats, and
also non-alcoholic beverages, mostly sugar-sweetened (moderate-protein, moderate-plant,
moderate-sugar), was characterized by the coexistence of food components that, when
consumed in appropriate portions and frequencies, may be associated with beneficial out-
comes (e.g., eggs, fruit, vegetable fats), alongside others of lower nutritional quality, such
as sugar-sweetened beverages. It was associated with increased placental weight, yet with
a lower neonatal-to-placental weight ratio, indicating reduced placental efficiency. This
apparently paradoxical result may reflect a compensatory placental overgrowth in response
to subclinical stress or nutrient imbalance, a phenomenon previously described in impaired
pregnancies [9,85-87]. The relatively poor antioxidant profile of Pattern 4 may explain the
reduced efficiency, despite its association with greater placental mass. Indeed, although
the presence of fruit may contribute to micronutrient adequacy, the simultaneous intake of
sugary beverages could attenuate the overall nutritional benefit, consistent with the concept
of “mixed quality” dietary patterns. Interestingly, Pattern 4 was also negatively associated
with maternal hemoglobin levels, possibly reflecting a suboptimal intake or bioavailability
of iron within this mixed dietary profile. The presence of sugar-sweetened beverages
and limited animal sources may contribute to reduced iron absorption, highlighting the
importance of micronutrient adequacy during pregnancy.

It is important to acknowledge that the interpretation of mixed dietary patterns re-
quires caution, given the coexistence of food components with potentially opposing effects.
This complexity may reduce the interpretability of net associations and warrants further
investigation in larger and more diverse study populations.

Nonetheless, our interpretations are further supported by the observation that in
women adhering to Patterns 3 and 4, maternal energy intake was positively associated
with neonatal/placental weight ratio and inversely associated with placental weight or
area. This suggests that energy intake per se may support better placental efficiency, but
only in the context of certain dietary patterns. In contrast, Pattern 1 (the healthiest, plant-
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forward /Mediterranean-inspired diet) showed no association between energy intake and
placental metrics, possibly indicating that diet quality alone, rather than energy density, is
sufficient to support optimal placental function. Conversely, in Pattern 2 (high in sugars,
snacks, animal fats), no beneficial association with placental efficiency was found, despite
higher energy intakes, further supporting the notion that energy excess without nutrient
adequacy may not improve, and might even impair, placental performance.

These findings align with those of the GIFt Study [29], which also identified dietary
patterns associated with maternal oxidative-inflammatory biomarkers and delivery out-
comes. In that multicenter cohort, a “Western” resembling dietary pattern was associated
with elevated pro-inflammatory biomarkers and higher risk of gestational complications,
including lower gestational age at delivery. Our findings confirm these associations, sug-
gesting that Pattern 2 (“Western-like pattern”) may represent a nutritionally imbalanced
profile. However, our additional patterns provide a nuanced understanding of how mixed
or intermediate dietary behaviors (Pattern 3—"“Moderately beneficial pattern”, and Pat-
tern 4—"Moderate-mixed pattern”) may carry partial metabolic benefits but also risks,
especially when sugar or processed components are included.

Interestingly, adherence to dietary patterns varied across BMI categories, although not
always in the expected direction. Adherence to Pattern 1 (“Prudent-style pattern”) differed
significantly among groups, with adherence decreasing as BMI increased. However, NW
women were more likely to adhere (though not significantly) also to Pattern 2 (“Western-like
pattern”). OB and OW women showed greater adherence to Patterns 3 and 4 (“Moderately
beneficial pattern” and “Moderate-mixed pattern”). This suggests a complex and non-
linear relationship between BMI and dietary behavior, where normal-weight women may
exhibit polarized eating habits, either healthier or, conversely, highly processed and sugar-
rich. In contrast, overweight and obese women tended to follow intermediate or mixed-
quality dietary patterns, possibly reflecting efforts to improve diet without fully achieving
guideline-aligned behaviors. These findings underscore the need for tailored nutritional
counseling in pregnancy, based not only on pregestational BMI, but also on actual dietary
quality and pattern adherence.

Together, these results reinforce the notion that inadequate adherence to nutritional
guidelines during pregnancy is widespread, even in developed countries with access to
healthcare and nutritional resources.

Importantly, our study further stratifies these observations by pregestational BMI
and dietary pattern, supporting the hypothesis that both maternal pregestational BMI
and dietary quality during pregnancy, more than total energy intake alone, play a critical
role in modulating the oxidative-inflammatory balance and optimizing maternal and fetal
health [29,88]. Moreover, these results highlight that not all deviations from “Prudent-
style” patterns are metabolically equivalent: while Pattern 3 may offer partial protective
effects, Pattern 4 displays elements of nutritional imbalance that may influence placental
development and function. The variability in dietary adherence across BMI categories
further emphasizes the need for individualized nutritional strategies in pregnancy.

Our findings are consistent with growing research advocating for dietary pattern-
based counseling in pregnancy, especially in women with overweight or obesity, and
highlight the importance of early, targeted nutritional interventions and personalized
counseling, particularly in vulnerable subgroups [13,89-92].

4.3. Strengths and Limitations of the Study

This study presents several strengths. It is one of the few investigations to integrate
dietary pattern analysis with inflammatory and oxidative biomarkers, as well as placental
and neonatal outcomes, in a well-characterized cohort of pregnant women stratified by
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pregestational BMI. A carefully selected cohort was enrolled, with strict exclusion criteria
applied to minimize potential confounding factors, including maternal ethnicity and any
maternal, fetal, or pregnancy-related pathologies. This approach was intended to isolate
and better assess the specific impact of pre-pregnancy BMI and dietary patterns on molecu-
lar, biochemical, and clinical parameters. The prospective design, standardized timing of
biological sample collection (third trimester and delivery), and the use of validated tools
(e.g., FFQ, biochemical assays, LARN references) enhance the robustness of the findings.
Moreover, the investigation of maternal biomarkers, along with dietary patterns, placental
data, and neonatal outcomes, offers a holistic view of the maternal-fetal environment.

Nonetheless, some limitations must be acknowledged. The relatively small sample
size—particularly in the obese subgroup—may have limited the statistical power to detect
subtle differences. Dietary data were self-reported, introducing potential recall or mis-
reporting bias, although the FFQ was adapted and validated for the Italian population.
Additionally, oxidative and inflammatory biomarkers were not available for all participants
due to sample availability, potentially introducing selection bias. To validate these results,
future investigations should include the analysis of additional markers of oxidative stress
and inflammation, in a larger population. Furthermore, although several inflammatory and
oxidative stress biomarkers showed statistically significant associations with maternal BMI,
the magnitude of their effect on obstetric outcomes was relatively limited. Nevertheless,
these findings, while potentially lacking immediate clinical impact, offer important insights
into the underlying mechanisms linking maternal adiposity to fetal development.

Notably, given the observational nature of this study, it is not possible to determine
whether the associations observed reflect underlying cause—effect mechanisms. While the
findings suggest potential relationships, they should be interpreted as exploratory and not
as definitive proof of directional influence. As a secondary analysis, another limitation
is the absence of a priori sample size calculation, which may lead to an underpowered
analysis to detect certain associations. Finally, although multivariate models adjusted for
major confounders, unmeasured factors (e.g., physical activity, psychosocial stress) could
still influence the associations observed.

5. Conclusions

In conclusion, this study highlights the intertwined role of pregestational BMI and
dietary quality in shaping maternal oxidative-inflammatory status and influencing placen-
tal and neonatal outcomes. By integrating clinical, biochemical, and nutritional data, we
show that not only excess adiposity but also suboptimal or unbalanced dietary patterns
can contribute to metabolic stress during pregnancy. While adherence to “Prudent-style”
(plant-based) diets appears beneficial, Western-like or mixed patterns, even when energy
intake is adequate, may still carry risks possibly affecting pregnancy progression. These
findings reinforce the importance of early, personalized nutritional strategies that go be-
yond calorie counts to consider overall dietary composition, particularly in women with
overweight or obesity, representing a strategy to improve maternal health trajectories and
fetal programming. Tailored nutritional counseling should be considered a core component
of antenatal care, contributing to evidence-based recommendations for optimal maternal
and neonatal outcomes.

Future studies in larger, more diverse cohorts are warranted to validate these results
and inform public health strategies aimed at optimizing maternal-fetal health through
tailored dietary interventions.



Nutrients 2025, 17, 2590 19 of 23

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390 /nul7162590/s1, File S1: Example of calculation of the daily

amount of energy, macro- and micronutrients.

Author Contributions: Conceptualization, C.M., A.R. (Alessandro Rolfo) and I.C.; Formal analysis,
C.N. and FP; Funding acquisition, I.C.; Investigation, C.N., AM.N., LM,, EL. and G.M.A_; Method-
ology, C. M., AR. (Alessandro Rolfo) and I.C.; Project administration, C.M.; Resources, A.R. (Alberto
Revelli), VM.S., A.L. and I.C.; Supervision, I.C.; Visualization, C.M.; Writing—original draft, C.M.
and C.N.; Writing—review and editing, CM., CN., AM.N,, FP, FEL.,, GM.A., AR. (Alessandro Rolfo)
and I.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by a grant from the Italian Ministry of Health—Progetto di
Ricerca Finalizzata RF-2016-02362165 “Epigenetic impact of maternal obesity and nutritional status.
Nutritional/lifestyle intervention for the improvement of pregnancy outcomes (EPI-MOM)”—to
Irene Cetin. This work was also supported by: “Universita degli Studi di Milano, Piano di sostegno
alla ricerca-Linea 2”.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Hospital ethical committee “Comitato Etico Milano
Area 1”7 (Prot. N. 17739/2018); Approval Date: 5 April 2018; and by O.1.R.M.-Sant’ Anna Hospital
and “Ordine Mauriziano di Torino” ethical committee (Prot. N. 0066426/2019); Approval Date:
2 July 2019.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data that support the findings of this study are available from the
authors upon reasonable request due to privacy reasons.

Acknowledgments: We thank all the doctors, midwives and nurses of the Obstetric Units for their
expertise and cooperation. We are grateful to all the pregnant women that contributed to the study.
We particularly wish to acknowledge Bianca Mercurelli, Michela Forner, Maria Monichetti, Gaia
Vernero, Mara Campanella and Alice Genovese, for data collection and sample processing.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Barker, D.J.; Winter, PD.; Osmond, C.; Margetts, B.; Simmonds, S.J. Weight in infancy and death from ischaemic heart disease.
Lancet 1989, 334, 577-580. [CrossRef] [PubMed]

2. Agosti, M.; Tandoi, F.; Morlacchi, L.; Bossi, A. Nutritional and metabolic programming during the first thousand days of life.
Pediatr. Med. Chir. 2017, 39, 157. [CrossRef]

3. Rojas-Rodriguez, R.; Price, L.L.; Somogie, J.; Hauguel-de Mouzon, S.; Kalhan, S.C.; Catalano, PM. Maternal Lipid Metabolism Is
Associated With Neonatal Adiposity: A Longitudinal Study. J. Clin. Endocrinol. Metab. 2022, 107, e3759-e3768. [CrossRef]

4. Faa, G, Fanos, V.; Manchia, M.; Van Eyken, P; Suri, ].S.; Saba, L. The fascinating theory of fetal programming of adult diseases: A
review of the fundamentals of the Barker hypothesis. J. Public Health Res. 2024, 13, 1-10. [CrossRef]

5. Slade, L; Syeda, N.; Mistry, H.D.; Bone, ].N.; Wilson, M.; Blackman, M.; Poston, L.; Godfrey, K.M.; von Dadelszen, P.; Magee, L.A.;
etal. Do lower antenatal blood pressure cut-offs in pregnant women with obesity identify those at greater risk of adverse maternal
and perinatal outcomes? A secondary analysis of data from the UK Pregnancies Better Eating and Activity Trial (UPBEAT). Int. |.
Obes. 2025, online ahead of print. [CrossRef] [PubMed]

6. Creanga, A.A,; Catalano, PM.; Bateman, B.T. Obesity in Pregnancy. N. Engl. |. Med. 2022, 387, 248-259. [CrossRef]

7. Melchor, I; Burgos, J.; Del Campo, A.; Aiartzaguena, A.; Gutiérrez, J.; Melchor, ].C. Effect of maternal obesity on pregnancy
outcomes in women delivering singleton babies: A historical cohort study. J. Perinat. Med. 2019, 47, 625-630. [CrossRef]

8. Zavatta, A.; Parisi, F; Mando, C.; Scaccabarozzi, C.; Savasi, V.M.; Cetin, I. Role of Inflammaging on the Reproductive Function
and Pregnancy. Clin. Rev. Allergy Immunol. 2023, 64, 145-160. [CrossRef]

9.  Mando, C.; Castiglioni, S.; Novielli, C.; Anelli, G.M.; Serati, A.; Parisi, E; Lubrano, C.; Zocchi, M.; Ottria, R.; Giovarelli, M.
Placental Bioenergetics and Antioxidant Homeostasis in Maternal Obesity and Gestational Diabetes. Antioxidants 2024, 13, 858.
[CrossRef]

10. Mando, C.; Abati, S.; Anelli, G.M.; Favero, C.; Serati, A.; Dioni, L.; Zambon, M.; Albetti, B.; Bollati, V.; Cetin, . Epigenetic Profiling

in the Saliva of Obese Pregnant Women. Nutrients 2022, 14, 2122. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu17162590/s1
https://www.mdpi.com/article/10.3390/nu17162590/s1
https://doi.org/10.1016/S0140-6736(89)90710-1
https://www.ncbi.nlm.nih.gov/pubmed/2570282
https://doi.org/10.4081/pmc.2017.157
https://doi.org/10.1210/clinem/dgac360
https://doi.org/10.1177/22799036241226817
https://doi.org/10.1038/s41366-025-01803-8
https://www.ncbi.nlm.nih.gov/pubmed/40523926
https://doi.org/10.1056/NEJMra1801040
https://doi.org/10.1515/jpm-2019-0103
https://doi.org/10.1007/s12016-021-08907-9
https://doi.org/10.3390/antiox13070858
https://doi.org/10.3390/nu14102122
https://www.ncbi.nlm.nih.gov/pubmed/35631263

Nutrients 2025, 17, 2590 20 of 23

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

Serati, A.; Novielli, C.; Anelli, G.M.; Mandalari, M.; Parisi, F.; Cetin, I.; Paleari, R.; Mando, C. Characterization of Maternal
Circulating MicroRNAs in Obese Pregnancies and Gestational Diabetes Mellitus. Antioxidants 2023, 12, 515. [CrossRef] [PubMed]
Montagnoli, C.; Santoro, C.B.; Buzzi, T.; Bortolus, R. Maternal periconceptional nutrition matters. A scoping review of the current
literature. J. Matern. Fetal Neonatal Med. 2022, 35, 8123-8140. [CrossRef]

Lisso, F.; Massari, M.; Gentilucci, M.; Novielli, C.; Corti, S.; Nelva Stellio, L.; Milazzo, R.; Troiano, E.; Schaefer, E.; Cetin, I.; et al.
Longitudinal Nutritional Intakes in Italian Pregnant Women in Comparison with National Nutritional Guidelines. Nutrients 2022,
14, 1944. [CrossRef]

Massari, M.; Novielli, C.; Mando, C.; Di Francesco, S.; Della Porta, M.; Cazzola, R.; Panteghini, M.; Savasi, V.; Maggini, S.; Schaefer,
E.; et al. Multiple Micronutrients and Docosahexaenoic Acid Supplementation during Pregnancy: A Randomized Controlled
Study. Nutrients 2020, 12, 2432. [CrossRef]

Rajendram, R.; Preedy, V.R.; Patel, V.B. (Eds.) Diet, Nutrition, and Fetal Programming; Humana Press, Springer International
Publishing AG: Cham, Switzerland, 2017. [CrossRef]

Karam, G.; Agarwal, A ; Sadeghirad, B.; Jalink, M.; Hitchcock, C.L.; Ge, L.; Kiflen, R.; Ahmed, W.; Zea, A.M.; Milenkovic, J.; et al.
Comparison of seven popular structured dietary programmes and risk of mortality and major cardiovascular events in patients
at increased cardiovascular risk: Systematic review and network meta-analysis. BMJ 2023, 380, e072003. [CrossRef] [PubMed]
Dinu, M.; Pagliai, G.; Angelino, D.; Rosi, A.; Dall’Asta, M.; Bresciani, L.; Ferraris, C.; Guglielmetti, M.; Godos, J.; Del Bo’, C.;
et al. Effects of Popular Diets on Anthropometric and Cardiometabolic Parameters: An Umbrella Review of Meta-Analyses of
Randomized Controlled Trials. Adv. Nutr. 2020, 11, 815-833. [CrossRef]

Delgado-Lista, J.; Alcala-Diaz, ].E; Torres-Pefia, J.D.; Quintana-Navarro, G.M.; Fuentes, F; Garcia-Rios, A.; Ortiz-Morales, A.M.;
Gonzalez-Requero, A.IL; Perez-Caballero, A.L; Yubero-Serrano, E.M.; et al. Long-term secondary prevention of cardiovascular
disease with a Mediterranean diet and a low-fat diet (CORDIOPREV): A randomised controlled trial. Lancet 2022, 399, 1876-1885.
[CrossRef]

Salas-Salvado, J.; Becerra-Tomads, N.; Garcia-Gavilén, J.E,; Bulld, M.; Barrubés, L. Mediterranean Diet and Cardiovascular Disease
Prevention: What Do We Know? Prog. Cardiovasc. Dis. 2018, 61, 62-67. [CrossRef] [PubMed]

Pourrajab, B.; Fotros, D.; Asghari, P; Shidfar, F. Effect of the Mediterranean Diet Supplemented With Olive Oil Versus the Low-Fat
Diet on Serum Inflammatory and Endothelial Indexes Among Adults: A Systematic Review and Meta-analysis of Clinical
Controlled Trials. Nutr. Rev. 2025, 83, e1421-e1440. [CrossRef]

Gonzalez-Palacios, S.; Oncina-Canovas, A.; Garcia-de-la-Hera, M.; Martinez-Gonzalez, M.A.; Salas-Salvado, J.; Corella, D.;
Schroder, H.; Martinez, J.A.; Alonso-Gémez, A.M.; Wairnberg, J.; et al. Increased ultra-processed food consumption is associated
with worsening of cardiometabolic risk factors in adults with metabolic syndrome: Longitudinal analysis from a randomized
trial. Atherosclerosis 2023, 377, 12-23. [CrossRef]

Tristan Asensi, M.; Napoletano, A.; Sofi, F.; Dinu, M. Low-Grade Inflammation and Ultra-Processed Foods Consumption: A
Review. Nutrients 2023, 15, 1546. [CrossRef] [PubMed]

Mazzucca, C.B.; Scotti, L.; Raineri, D.; Cappellano, G.; Chiocchetti, A. Design and Validation of MEDOC, a Tool to Assess the
Combined Adherence to Mediterranean and Western Dietary Patterns. Nutrients 2024, 16, 1745. [CrossRef]

Alberti-Fidanza, A.; Fidanza, F. Mediterranean Adequacy Index of Italian diets. Public Health Nutr. 2004, 7, 937-941. [CrossRef]
Vilarnau, C.; Stracker, D.M.; Funtikov, A.; da Silva, R.; Estruch, R.; Bach-Faig, A. Worldwide adherence to Mediterranean Diet
between 1960 and 2011. Eur. |. Clin. Nutr. 2019, 72 (Suppl. 1), 83-91. [CrossRef]

Pan, M.; Yin, T; Yang, Y.; Zhu, F; Xu, J.; Chen, R.; Zheng, W. The association between four dietary indices and mortality risk in
cardiovascular disease patients. Nutr. Metab. 2025, 22, 67. [CrossRef] [PubMed]

Mente, A.; Dehghan, M.; Rangarajan, S.; O'Donnell, M.; Hu, W.; Dagenais, G.; Wielgosz, A.; A Lear, S.; Wei, L.; Diaz, R.; et al. Diet,
cardiovascular disease, and mortality in 80 countries. Eur. Heart ]. 2023, 44, 2560-2579. [CrossRef] [PubMed]

Mando, C.; Savasi, V.M.; Anelli, G.M.; Corti, S.; Serati, A.; Lisso, F.; Tasca, C.; Novielli, C.; Cetin, I. Mitochondrial and Oxidative
Unbalance in Placentas from Mothers with SARS-CoV-2 Infection. Antioxidants 2021, 10, 1517. [CrossRef]

Anelli, G.M.; Parisi, F.; Sarno, L.; Fornaciari, O.; Carlea, A.; Coco, C.; Porta, M.D.; Mollo, N.; Villa, PM.; Guida, M.; et al. Associa-
tions between Maternal Dietary Patterns, Biomarkers and Delivery Outcomes in Healthy Singleton Pregnancies: Multicenter
Italian GIFt Study. Nutrients 2022, 14, 3631. [CrossRef]

SINU (Societa Italiana di Nutrizione Umana—Italian Society of Human Nutrition). LARN—Livelli di Assunzione di Riferimento
di Nutrienti ed Energia (Dietary Reference Values of Nutrients and Energy for the Italian Population). V Revision. Available
online: https:/ /eng.sinu.it/larn/ (accessed on 27 June 2025).

Hoffmann, K.; Schulze, M.B.; Schienkiewitz, A.; Nothlings, U.; Boeing, H. Application of a new statistical method to derive
dietary patterns in nutritional epidemiology. Am. |. Epidemiol. 2004, 159, 935-944. [CrossRef] [PubMed]

Schulze, M.B.; Hoffmann, K.; Kroke, A.; Boeing, H. Dietary patterns and their association with food and nutrient intake in the
European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam study. Br. |. Nutr. 2001, 85, 363-373. [CrossRef]


https://doi.org/10.3390/antiox12020515
https://www.ncbi.nlm.nih.gov/pubmed/36830073
https://doi.org/10.1080/14767058.2021.1962843
https://doi.org/10.3390/nu14091944
https://doi.org/10.3390/nu12082432
https://doi.org/10.1007/978-3-319-60289-9
https://doi.org/10.1136/bmj-2022-072003
https://www.ncbi.nlm.nih.gov/pubmed/36990505
https://doi.org/10.1093/advances/nmaa006
https://doi.org/10.1016/S0140-6736(22)00122-2
https://doi.org/10.1016/j.pcad.2018.04.006
https://www.ncbi.nlm.nih.gov/pubmed/29678447
https://doi.org/10.1093/nutrit/nuae166
https://doi.org/10.1016/j.atherosclerosis.2023.05.022
https://doi.org/10.3390/nu15061546
https://www.ncbi.nlm.nih.gov/pubmed/36986276
https://doi.org/10.3390/nu16111745
https://doi.org/10.1079/PHN2004557
https://doi.org/10.1038/s41430-018-0313-9
https://doi.org/10.1186/s12986-025-00966-5
https://www.ncbi.nlm.nih.gov/pubmed/40598500
https://doi.org/10.1093/eurheartj/ehad269
https://www.ncbi.nlm.nih.gov/pubmed/37414411
https://doi.org/10.3390/antiox10101517
https://doi.org/10.3390/nu14173631
https://eng.sinu.it/larn/
https://doi.org/10.1093/aje/kwh134
https://www.ncbi.nlm.nih.gov/pubmed/15128605
https://doi.org/10.1079/BJN2000254

Nutrients 2025, 17, 2590 21 of 23

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Catalano, PM.; Shankar, K. Obesity and pregnancy: Mechanisms of short term and long term adverse consequences for mother
and child. BMJ 2017, 356, j1. [CrossRef] [PubMed]

Dabelea, D.; Crume, T. Maternal environment and the transgenerational cycle of obesity and diabetes. Diabetes 2011, 60, 1849-1855.
[CrossRef] [PubMed]

Candia, A.A.; Lean, S.C.; Zhang, C.X.W.; McKeating, D.R.; Cochrane, A.; Gulacsi, E.; Herrera, E.A.; Krause, B.J.; Sferruzzi-Perri,
A.N. Obesogenic Diet in Mice Leads to Inflammation and Oxidative Stress in the Mother in Association with Sex-Specific Changes
in Fetal Development, Inflammatory Markers and Placental Transcriptome. Antioxidants 2024, 13, 411. [CrossRef] [PubMed]

La Sala, L.; Carlini, V.; Mando, C.; Anelli, G.M.; Pontiroli, A.E.; Trabucchi, E.; Cetin, I.; Abati, S. Maternal Salivary miR-423-5p Is
Linked to Neonatal Outcomes and Periodontal Status in Cardiovascular-High-Risk Pregnancies. Int. J. Mol. Sci. 2024, 25, 9087.
[CrossRef]

Sureshchandra, S.; Marshall, N.E.; Wilson, R.M.; Barr, T.; Rais, M.; Purnell, ].Q.; Thornburg, K.L.; Messaoudi, I. Inflammatory
Determinants of Pregravid Obesity in Placenta and Peripheral Blood. Front. Physiol. 2018, 9, 1089. [CrossRef]

Orisaka, M.; Mizutani, T.; Miyazaki, Y.; Shirafuji, A.; Tamamura, C.; Fujita, M.; Tsuyoshi, H.; Yoshida, Y. Chronic low-grade
inflammation and ovarian dysfunction in women with polycystic ovarian syndrome, endometriosis, and aging. Front. Endocrinol.
2023, 14, 1324429. [CrossRef]

Galbarczyk, A.; Klimek, M.; Blukacz, M.; Nenko, I.; Jabloriska, M.; Jasienska, G. Inflammaging: Blame the sons. Relationships
between the number of sons and the level of inflammatory mediators among post-reproductive women. Am. J. Phys. Anthropol.
2021, 175, 656-664. [CrossRef]

Rodichkina, V.; Kvetnoy, I.; Polyakova, V.; Arutjunyan, A.; Nasyrov, R.; Ivanov, D. Inflammaging of Female Reproductive System:
A Molecular Landscape. Curr. Aging Sci. 2021, 14, 10-18. [CrossRef]

Diceglie, C.; Anelli, G.M.; Martelli, C.; Serati, A.; Lo Dico, A.; Lisso, F.; Parisi, F.; Novielli, C.; Paleari, R.; Cetin, I; et al. Placental
Antioxidant Defenses and Autophagy-Related Genes in Maternal Obesity and Gestational Diabetes Mellitus. Nutrients 2021, 13,
1303. [CrossRef]

Assi, E.; D’Addio, F; Mando, C.; Maestroni, A.; Loretelli, C.; Ben Nasr, M.; Usuelli, V.; Abdelsalam, A.; Seelam, A.J.; Pastore, I.;
et al. Placental proteome abnormalities in women with gestational diabetes and large-for-gestational-age newborns. BM] Open
Diabetes Res. Care. 2020, 8, e001586. [CrossRef]

Brombach, C.; Tong, W.; Giussani, D.A. Maternal obesity: New placental paradigms unfolded. Trends Mol. Med. 2022, 28, 823-835.
[CrossRef]

Musa, E.; Salazar-Petres, E.; Arowolo, A.; Levitt, N.; Matjila, M.; Sferruzzi-Perri, A.N. Obesity and gestational diabetes indepen-
dently and collectively induce specific effects on placental structure, inflammation and endocrine function in a cohort of South
African women. J. Physiol. 2023, 601, 1287-1306. [CrossRef]

Coussons-Read, M.E. Effects of prenatal stress on pregnancy and human development: Mechanisms and pathways. Obstet. Med.
2013, 6, 52-57. [CrossRef] [PubMed]

Dutra, T.A.; Fragoso, M.B.T.; Wanderley, T.M.; Bezerra, A.R.; Bueno, N.B.; de Oliveira, A.C.M. Diet’s total antioxidant capacity
and women'’s health: Systematic review and meta-analysis. Br. J. Nutr. 2025, 133, 1404-1417. [CrossRef]

Thiele, K.; Diao, L.; Arck, P.C. Immunometabolism, pregnancy, and nutrition. Semin. Immunopathol. 2018, 40, 157-174. [CrossRef]
[PubMed]

Schoots, M.H.; Gordijn, S.J.; Scherjon, S.A.; van Goor, H.; Hillebrands, J.L. Oxidative stress in placental pathology. Placenta 2018,
69, 153-161. [CrossRef]

Zhang, C.X.W.; Candia, A.A.; Sferruzzi-Perri, A.N. Placental inflammation, oxidative stress, and fetal outcomes in maternal
obesity. Trends Endocrinol. Metab. 2024, 35, 638-647. [CrossRef] [PubMed]

Sultana, Z.; Qiao, Y.; Maiti, K.; Smith, R. Involvement of oxidative stress in placental dysfunction, the pathophysiology of fetal
death and pregnancy disorders. Reproduction 2023, 166, R25-R38. [CrossRef]

Jansson, N.; Rosario, EJ.; Gaccioli, F.; Lager, S.; Jones, H.N.; Roos, S.; Jansson, T.; Powell, T.L. Activation of placental mTOR
signaling and amino acid transporters in obese women giving birth to large babies. J. Clin. Endocrinol. Metab. 2013, 98, 105-113.
[CrossRef]

Jansson, T.; Powell, T.L. Role of placental nutrient sensing in developmental programming. Clin. Obstet. Gynecol. 2013, 56,
591-601. [CrossRef]

Gaccioli, F; Lager, S.; Powell, T.L.; Jansson, T. Placental transport in response to altered maternal nutrition. J. Dev. Orig. Health
Dis. 2013, 4, 101-115. [CrossRef] [PubMed]

Jauniaux, E.; Poston, L.; Burton, G.J. Placental-related diseases of pregnancy: Involvement of oxidative stress and implications in
human evolution. Hum. Reprod. Update 2006, 12, 747-755. [CrossRef] [PubMed]

Herrera, E.A.; Krause, B.; Ebensperger, G.; Reyes, R.V.; Casanello, P; Parra-Cordero, M.; Llanos, A.]J. The placental pursuit for an
adequate oxidant balance between the mother and the fetus. Front. Pharmacol. 2014, 5, 149. [CrossRef] [PubMed]


https://doi.org/10.1136/bmj.j1
https://www.ncbi.nlm.nih.gov/pubmed/28179267
https://doi.org/10.2337/db11-0400
https://www.ncbi.nlm.nih.gov/pubmed/21709280
https://doi.org/10.3390/antiox13040411
https://www.ncbi.nlm.nih.gov/pubmed/38671859
https://doi.org/10.3390/ijms25169087
https://doi.org/10.3389/fphys.2018.01089
https://doi.org/10.3389/fendo.2023.1324429
https://doi.org/10.1002/ajpa.24295
https://doi.org/10.2174/1874609813666200929112624
https://doi.org/10.3390/nu13041303
https://doi.org/10.1136/bmjdrc-2020-001586
https://doi.org/10.1016/j.molmed.2022.05.013
https://doi.org/10.1113/JP284139
https://doi.org/10.1177/1753495x12473751
https://www.ncbi.nlm.nih.gov/pubmed/27757157
https://doi.org/10.1017/S0007114525000443
https://doi.org/10.1007/s00281-017-0660-y
https://www.ncbi.nlm.nih.gov/pubmed/29071391
https://doi.org/10.1016/j.placenta.2018.03.003
https://doi.org/10.1016/j.tem.2024.02.002
https://www.ncbi.nlm.nih.gov/pubmed/38418281
https://doi.org/10.1530/REP-22-0278
https://doi.org/10.1210/jc.2012-2667
https://doi.org/10.1097/GRF.0b013e3182993a2e
https://doi.org/10.1017/S2040174412000529
https://www.ncbi.nlm.nih.gov/pubmed/25054676
https://doi.org/10.1093/humupd/dml016
https://www.ncbi.nlm.nih.gov/pubmed/16682385
https://doi.org/10.3389/fphar.2014.00149
https://www.ncbi.nlm.nih.gov/pubmed/25009498

Nutrients 2025, 17, 2590 22 of 23

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Swain, N.; Moharana, A.K; Jena, S.R.; Samanta, L. Impact of Oxidative Stress on Embryogenesis and Fetal Development. Adv.
Exp. Med. Biol. 2022, 1391, 221-241. [CrossRef]

Vornic, I; Buciu, V.; Furau, C.G.; Gaje, PN.; Ceausu, R.A.; Dumitru, C.-S.; Barb, A.C.; Novacescu, D.; Cumpanas, A.A.; Latcu,
S.C.; et al. Oxidative Stress and Placental Pathogenesis: A Contemporary Overview of Potential Biomarkers and Emerging
Therapeutics. Int. ]. Mol. Sci. 2024, 25, 12195. [CrossRef]

Sun, C; Shen, J.; Fang, R.; Huang, H.; Lai, Y.; Hu, Y.; Zheng, J. The impact of environmental and dietary exposure on gestational
diabetes mellitus: A comprehensive review emphasizing the role of oxidative stress. Front. Endocrinol. 2025, 16, 1393883.
[CrossRef]

Poston, L.; Igosheva, N.; Mistry, H.D.; Seed, P.T.; Shennan, A.H.; Rana, S.; Karumanchi, S.A.; Chappell, L.C. Role of oxidative
stress and antioxidant supplementation in pregnancy disorders. Am. J. Clin. Nutr. 2011, 94 (Suppl. 6), 1980S-1985S. [CrossRef]
Sen, S.; Simmons, R.A. Maternal antioxidant supplementation prevents adiposity in the offspring of Western diet-fed rats. Diabetes
2010, 59, 3058-3065. [CrossRef]

Lin, Y.F; Tsai, H.L.; Lee, Y.C.; Chang, S.]. Maternal vitamin E supplementation affects the antioxidant capability and oxidative
status of hatching chicks. J. Nutr. 2005, 135, 2457-2461. [CrossRef] [PubMed]

Pressman, E.K.; Cavanaugh, J.L.; Mingione, M.; Norkus, E.P.; Woods, J.R. Effects of maternal antioxidant supplementation on
maternal and fetal antioxidant levels: A randomized, double-blind study. Am. J. Obstet. Gynecol. 2003, 189, 1720-1725. [CrossRef]
Hsu, M.H.; Chen, Y.C.; Sheen, ] M.; Huang, L.T. Maternal Obesity Programs Offspring Development and Resveratrol Potentially
Reprograms the Effects of Maternal Obesity. Int. . Environ. Res. Public Health 2020, 17, 1610. [CrossRef]

Diaz, P; Powell, T.L.; Jansson, T. The role of placental nutrient sensing in maternal-fetal resource allocation. Biol. Reprod. 2014, 91,
82. [CrossRef] [PubMed]

Brett, K.E.; Ferraro, Z.M.; Yockell-Lelievre, ].; Gruslin, A.; Adamo, K.B. Maternal-fetal nutrient transport in pregnancy pathologies:
The role of the placenta. Int. . Mol. Sci. 2014, 15, 16153-16185. [CrossRef]

Dimasuay, K.G.; Boeuf, P.; Powell, T.L.; Jansson, T. Placental Responses to Changes in the Maternal Environment Determine Fetal
Growth. Front. Physiol. 2016, 7, 12. [CrossRef] [PubMed]

Divvela, S.5.K.; Gallorini, M.; Gellisch, M.; Patel, G.D.; Saso, L.; Brand-Saberi, B. Navigating redox imbalance: The role of
oxidative stress in embryonic development and long-term health outcomes. Front. Cell Dev. Biol. 2025, 13, 1521336. [CrossRef]
Sen, S.; Rifas-Shiman, S.L.; Shivappa, N.; Wirth, M.D.; Hébert, ].R.; Gold, D.R.; Gillman, M.W.; Oken, E. Dietary Inflammatory
Potential during Pregnancy Is Associated with Lower Fetal Growth and Breastfeeding Failure: Results from Project Viva. J. Nutr.
2016, 146, 728-736. [CrossRef]

Ferguson, K K.; Kamai, E.M.; Cantonwine, D.E.; Mukherjee, B.; Meeker, ].D.; McElrath, TE. Associations between repeated
ultrasound measures of fetal growth and biomarkers of maternal oxidative stress and inflammation in pregnancy. Am. J. Reprod.
Immunol. 2018, 80, €13017. [CrossRef]

Lubrano, C.; Locati, F.; Parisi, F.; Anelli, G.M.; Ossola, M.W.; Cetin, I. Gestational Weight Gain as a Modifiable Risk Factor in
Women with Extreme Pregestational BMI. Nutrients 2025, 17, 736. [CrossRef]

Bodnar, L.M.; Johansson, K.; Himes, K.P.; Khodyakov, D.; Abrams, B.; Parisi, S.M.; Hutcheon, J.A. Gestational weight gain below
recommendations and adverse maternal and child health outcomes for pregnancies with overweight or obesity: A United States
cohort study. Am. J. Clin. Nutr. 2024, 120, 638-647. [CrossRef]

Most, ].; Marlatt, K.L.; Altazan, A.D.; Redman, L.M. Advances in assessing body composition during pregnancy. Eur. J. Clin. Nutr.
2018, 72, 645-656. [CrossRef] [PubMed]

National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Food and Nutrition Board; Committee
on the Dietary Reference Intakes for Energy. Dietary Reference Intakes for Energy; National Academies Press: Washington, DC,
USA, 2023. [CrossRef]

Jhamb, I; Freeman, A.; Lotfi, M.R.; VanOrmer, M.; Hanson, C.; Anderson-Berry, A.; Thoene, M. Evaluation of Vitamin E Isoforms
in Placental Tissue and Their Relationship with Maternal Dietary Intake and Plasma Concentrations in Mother-Infant Dyads.
Antioxidants 2023, 12, 1797. [CrossRef] [PubMed]

Bastani, P.; Hamdi, K.; Abasalizadeh, F; Navali, N. Effects of vitamin E supplementation on some pregnancy health indices: A
randomized clinical trial. Int. |. Gen. Med. 2011, 4, 461-464. [CrossRef] [PubMed]

Chen, Y.J; Liu, YJ.; Tian, L.X,; Niu, ]J.; Liang, G.Y.; Yang, H.].; Yuan, Y.; Zhang, Y.Q. Effect of dietary vitamin E and selenium
supplementation on growth, body composition, and antioxidant defense mechanism in juvenile largemouth bass (Micropterus
salmoides) fed oxidized fish oil. Fish. Physiol. Biochem. 2013, 39, 593-604. [CrossRef]

Lammers, S.; Iovino, N.A.; Pusateri, A.; Snyder, A.; Butnariu, M.; Frey, H.A.; Skeans, ]. Maternal and Neonatal Hemorrhage From
Vitamin K Deficiency in the Setting of Crohn Disease in Pregnancy. Obstet. Gynecol. 2025, 145, e127-e130. [CrossRef]

Shahrook, S.; Ota, E.; Hanada, N.; Sawada, K.; Mori, R. Vitamin K supplementation during pregnancy for improving outcomes: A
systematic review and meta-analysis. Sci. Rep. 2018, 8, 11459. [CrossRef]


https://doi.org/10.1007/978-3-031-12966-7_13
https://doi.org/10.3390/ijms252212195
https://doi.org/10.3389/fendo.2025.1393883
https://doi.org/10.3945/ajcn.110.001156
https://doi.org/10.2337/db10-0301
https://doi.org/10.1093/jn/135.10.2457
https://www.ncbi.nlm.nih.gov/pubmed/16177212
https://doi.org/10.1016/S0002-9378(03)00858-5
https://doi.org/10.3390/ijerph17051610
https://doi.org/10.1095/biolreprod.114.121798
https://www.ncbi.nlm.nih.gov/pubmed/25122064
https://doi.org/10.3390/ijms150916153
https://doi.org/10.3389/fphys.2016.00012
https://www.ncbi.nlm.nih.gov/pubmed/26858656
https://doi.org/10.3389/fcell.2025.1521336
https://doi.org/10.3945/jn.115.225581
https://doi.org/10.1111/aji.13017
https://doi.org/10.3390/nu17040736
https://doi.org/10.1016/j.ajcnut.2024.06.011
https://doi.org/10.1038/s41430-018-0152-8
https://www.ncbi.nlm.nih.gov/pubmed/29748651
https://doi.org/10.17226/26818
https://doi.org/10.3390/antiox12101797
https://www.ncbi.nlm.nih.gov/pubmed/37891877
https://doi.org/10.2147/IJGM.S20107
https://www.ncbi.nlm.nih.gov/pubmed/21760746
https://doi.org/10.1007/s10695-012-9722-1
https://doi.org/10.1097/AOG.0000000000005870
https://doi.org/10.1038/s41598-018-29616-y

Nutrients 2025, 17, 2590 23 of 23

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Nijsten, K.; van der Minnen, L.; Wiegers, HM.G.; Koot, M.H.; Middeldorp, S.; Roseboom, T.J.; Grooten, L].; Painter, R.C.
Hyperemesis gravidarum and vitamin K deficiency: A systematic review. Br. J. Nutr. 2022, 128, 30—-42. [CrossRef]

Marshall, N.E.; Abrams, B.; Barbour, L.A.; Catalano, P.; Christian, P.; Friedman, J.E.; Hay, WW,, Jr.; Hernandez, T.L.; Krebs, N.F,;
Oken, E,; et al. The importance of nutrition in pregnancy and lactation: Lifelong consequences. Am. |. Obstet. Gynecol. 2022, 226,
607-632. [CrossRef] [PubMed]

Flor-Alemany, M.; Sandborg, J.; Migueles, ].H.; Soderstrom, E.; Henstrom, M.; Marin-Jiménez, N.; Baena-Garcia, L.; Aparicio,
V.A,; Lof, M. Mediterranean Diet Adherence and Health-Related Quality of Life during Pregnancy: Is. the Mediterranean Diet.
Beneficial in Non-Mediterranean Countries? Nutrients 2024, 16, 718. [CrossRef]

Tiffon, C. The Impact of Nutrition and Environmental Epigenetics on Human Health and Disease. Int. ]. Mol. Sci. 2018, 19, 3425.
[CrossRef] [PubMed]

Kouiti, M.; Hernandez-Muiiz, C.; Youlyouz-Marfak, I.; Salcedo-Bellido, I.; Mozas-Moreno, J.; Jiménez-Moleén, ].J. Preventing
Gestational Diabetes Mellitus by Improving Healthy Diet and/or Physical Activity during Pregnancy: An Umbrella Review.
Nutrients 2022, 14, 2066. [CrossRef]

Martin-O’Connor, R.; Ramos-Levi, A.; Melero, V.; Arnoriaga-Rodriguez, M.; Barabash, A.; Valerio, J.; Del Valle, L.; de Miguel, P,;
Diaz, A.; Familiar, C.; et al. Early Mediterranean-Based Nutritional Intervention Reduces the Rate of Gestational Diabetes in
Overweight and Obese Pregnant Women: A Post-Hoc Analysis of the San Carlos Gestational Prevention Study. Nutrients 2024, 16,
2206. [CrossRef]

Hebert, ].E.,; Myatt, L. Placental mitochondrial dysfunction with metabolic diseases: Therapeutic approaches. Biochim. Biophys.
Acta Mol. Basis Dis. 2021, 1867, 165967. [CrossRef]

Parrettini, S.; Caroli, A.; Torlone, E. Nutrition and Metabolic Adaptations in Physiological and Complicated Pregnancy: Focus on
Obesity and Gestational Diabetes. Front. Endocrinol. 2020, 11, 611929. [CrossRef]

Olmos-Ortiz, A.; Flores-Espinosa, P.; Diaz, L.; Velazquez, P.; Ramirez-Isarraraz, C.; Zaga-Clavellina, V. Inmunoendocrine
Dysregulation during Gestational Diabetes Mellitus: The Central Role of the Placenta. Int. J. Mol. Sci. 2021, 22, 8087. [CrossRef]
Dominguez-Perles, R.; Gil-Izquierdo, A.; Ferreres, F.; Medina, S. Update on oxidative stress and inflammation in pregnant women,
unborn children (nasciturus), and newborns—Nutritional and dietary effects. Free Radic. Biol. Med. 2019, 142, 38-51. [CrossRef]
[PubMed]

Wesolowski, S.R.; Mulligan, C.M.; Janssen, R.C.; Baker, PR., II; Bergman, B.C.; D’Alessandro, A.; Nemkov, T.; Maclean, K.N; Jiang,
H.; Dean, T.A ; et al. Switching obese mothers to a healthy diet improves fetal hypoxemia, hepatic metabolites, and lipotoxicity in
non-human primates. Mol. Metab. 2018, 18, 25-41. [CrossRef] [PubMed]

Abdel-Aziz, S.B.; Hegazy, 1.S.; Mohamed, D.A.; Abu El Kasem, M.M.A; Hagag, S.S. Effect of dietary counseling on preventing
excessive weight gain during pregnancy. Public Health 2018, 154, 172-181. [CrossRef] [PubMed]

Banafshe, E.; Javadifar, N.; Abbaspoor, Z.; Karandish, M.; Ghanbari, S. Factors Influencing Weight Management in Pregnant
Women with Overweight or Obesity: A Meta-Synthesis of Qualitative Studies. J. Acad. Nutr. Diet. 2024, 124, 964-994.el. [CrossRef]
Raghavan, R.; Dreibelbis, C.; Kingshipp, B.L.; Wong, Y.P.; Abrams, B.; Gernand, A.D.; Rasmussen, K.M.; Siega-Riz, A.M.; Stang, J.;
Casavale, K.O.; et al. Dietary patterns before and during pregnancy and maternal outcomes: A systematic review. Am. J. Clin.
Nutr. 2019, 109 (Suppl. 7), 7055-728S. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0007114521002865
https://doi.org/10.1016/j.ajog.2021.12.035
https://www.ncbi.nlm.nih.gov/pubmed/34968458
https://doi.org/10.3390/nu16050718
https://doi.org/10.3390/ijms19113425
https://www.ncbi.nlm.nih.gov/pubmed/30388784
https://doi.org/10.3390/nu14102066
https://doi.org/10.3390/nu16142206
https://doi.org/10.1016/j.bbadis.2020.165967
https://doi.org/10.3389/fendo.2020.611929
https://doi.org/10.3390/ijms22158087
https://doi.org/10.1016/j.freeradbiomed.2019.03.013
https://www.ncbi.nlm.nih.gov/pubmed/30902759
https://doi.org/10.1016/j.molmet.2018.09.008
https://www.ncbi.nlm.nih.gov/pubmed/30337225
https://doi.org/10.1016/j.puhe.2017.10.014
https://www.ncbi.nlm.nih.gov/pubmed/29248827
https://doi.org/10.1016/j.jand.2024.04.011
https://doi.org/10.1093/ajcn/nqy216

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Clinical Data 
	Blood Collection, Placental Biometric Measurements, Inflammatory and Oxidative Markers Assessment 
	Dietary Intake Assessment 
	Statistical Analysis 

	Results 
	Maternal, Placental, and Neonatal Data 
	Inflammatory and Oxidative Markers at Third Trimester 
	Association of Maternal Markers and Clinical Maternal, Placental, and Neonatal Data 
	Energy and Nutrient Daily Intake 
	Dietary Patterns 

	Discussion 
	Study Population and Maternal Blood Biomarkers 
	Dietary Analysis and Association with Biomarkers and Clinical Data 
	Strengths and Limitations of the Study 

	Conclusions 
	References

