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Abstract: Low adherence to healthy lifestyle behaviors during pregnancy and lactation is
strongly associated with a higher risk of childhood obesity. This narrative review aims to
elucidate and summarize the pivotal role played by physical activity (PA) during pregnancy
and breastfeeding, highlighting the potential mechanisms linking PA in these periods to the
prevention of childhood obesity. Maternal exercise during pregnancy and breastfeeding sig-
nificantly reduces the risk of childhood obesity by enhancing fetal metabolism, supporting
healthy maternal weight management, and promoting improved breastfeeding practices.
Pregnancy and the postpartum period represent critical windows for implementing pre-
ventive strategies that benefit both the mother and child. Encouraging an active lifestyle
during pregnancy and breastfeeding is a vital public health strategy with extensive bene-
fits. Healthcare professionals play a crucial role in creating supportive environments and
providing tailored guidance to empower mothers to engage in regular PA. This approach
not only enhances individual health outcomes but also contributes to the broader goal of
fostering healthier communities.

Keywords: exercise; physical activity; maternal; pregnancy; breastfeeding; childhood
obesity; pediatrics; children

1. Introduction

Childhood obesity is a worldwide critical health concern that is steadily increasing,
leading to adverse short- and long-term health consequences [1,2]. According to the World
Health Organization (WHO), overweight was reported to affect 37 million children under
the age of 5 years in 2022 and 390 million children and adolescents aged 5 to 9 years, of
which 160 million were affected by obesity [2].
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Regional estimates differ across countries worldwide, yet all show constantly rising
trends. Data analyzed by the World Obesity Federation suggest a further surge in the
prevalence of overweight and obesity, estimating 206 million global cases in children and
adolescents by 2025, with up to 254 million by 2030 [1].

The first 1000 days of life, spanning from conception to the child’s second birthday,
represent a critical window for shaping long-term health outcomes, including the risk of
pediatric obesity [3]. During this period, children’s growth and development are profoundly
influenced by modifiable maternal and infant factors, such as maternal nutrition, pre-
pregnancy body mass index (BMI), total gestational weight gain (GWG), physical activity
(PA), breastfeeding practices in terms of duration and quality, infant birthweight, as well as
broader environmental exposures [4]. These early influences are crucial as they set the fetal
metabolic programming and can impact a child’s health, not only during childhood but
also later in life during adulthood [5]. Research has indicated that low adherence to healthy
lifestyle behaviors during pregnancy and lactation is strongly associated with higher risks
of childhood obesity and abdominal adiposity, and that interventions targeting pregnancy
and extending through the lactation phase further amplify the preventive potential of
this critical period [6]. In Figure 1, we have schematized the modifiable factors at each
stage, from conception to the age of 2 years, that influence the impact of the first 1000 days
program on pediatric obesity.

During pregnancy, moderate and safe PA was found to positively affect the physio-
logical and psychological status of the mother, which can indirectly influence the health
status of the developing baby and the newborn’s weight outcome [7]. Maternal PA can
also impact children’s weight status and childhood obesity through different factors. It has
been found to reduce the likelihood of excessive GWG and gestational diabetes mellitus
(GDM), both key contributors to childhood obesity [8]. A systematic review by Chen et al.
demonstrated that PA during pregnancy is associated with a 17% reduction in the risk of
large-for-gestational-age infants and a 55% reduction among mothers with pre-pregnancy
obesity [9]. The intrauterine environment undergoes several metabolic changes when
engaging in PA [2,3]. Some studies have found that altering the intrauterine and fetal envi-
ronment might influence the gene expression that regulates the appetite and metabolism of
the newborn [2].

During breastfeeding, PA was reported to promote the infant with healthy metabolic
programming, regulate appetite, and support healthy weight gain. Prolonged breastfeeding
duration, particularly when exclusive, has been linked to a lower likelihood of rapid weight
gain in infants, with protective effects extending into later childhood [8,10]. PA appears
to enhance the beneficial effects of breastfeeding by influencing breastmilk composition.
Specifically, studies on the breastmilk of physically active mothers have reported an im-
proved nutritional composition, which appears to positively influence infant metabolism
and growth, while also reducing the risk of overweight and obesity [7]. Additionally, ex-
clusive breastfeeding has been shown to protect against high body fat mass and obesity in
later childhood, as reported by Jian Ma et al. [10]. Such findings underscore the importance
of integrated approaches combining maternal physical activity, optimized breastfeeding
practices, and early nutritional guidance to combat pediatric obesity effectively.

Despite a growing number of studies, the consistency of the findings is often influenced
by the diversity of the investigated factors across the literature. However, research in the
field of pediatric obesity, and PA during pregnancy and breastfeeding, underscores the
potential role of these critical periods as strategic windows for obesity prevention [2,6].

This narrative review aims to elucidate and summarize the pivotal role of PA during
pregnancy and breastfeeding, highlighting the potential mechanisms linking PA in these
periods to the prevention of childhood obesity.
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Figure 1. Impact of the first 1000 days program on pediatric obesity: modifiable factors at each stage,
from conception to the age of 2 years, are synthesized [4,6,8].

2. Methods

This narrative review [11] synthesized the current literature on the impact of maternal
exercise during pregnancy and breastfeeding on childhood obesity. The aim was to provide
a comprehensive qualitative analysis rather than a systematic or quantitative meta-analysis.
Specific inclusion and exclusion criteria were applied to ensure the relevance and quality
of the included studies. The inclusion criteria were articles written in English, publications
within the last 20 years to ensure contemporary relevance, meta-analyses, clinical trials,
and review articles focusing on the topic of maternal exercise and its impact on childhood
obesity, and studies exploring related topics, including GWG, birthweight, and human
breast milk (HBM) composition. Exclusion criteria were case reports and series due to their
limited generalizability, studies unrelated to maternal physical activity, breastfeeding, or
their combined effects on childhood obesity.

The literature search was conducted using the electronic databases PubMed and
Web of Science. Keywords were used individually and in combination, encompassing
terms such as physical exercise (PE), physical activity, maternal exercise, maternal lifestyle,
pregnancy, lactation, breastmilk, breastfeeding, pediatric obesity, pediatric overweight,
childhood obesity, childhood overweight, BMI, and birthweight. Key data were extracted
from the included articles, focusing on study type, sample size, interventions, outcomes
related to maternal PA and breastfeeding, and their impact on childhood obesity.

The initial search yielded 2047 articles. Duplicate records were removed before screen-
ing (n = 1165). Titles and abstracts were screened for relevance (n = 882), resulting in
210 full-text studies selected for detailed evaluation. After applying the inclusion criteria,
106 articles were included in the final review. To ensure comprehensive coverage, the
reference lists of the selected articles were reviewed to identify additional relevant studies
(n = 38). The paper used for the general part of the manuscript was also included (n = 21).

A flowchart summarizing the search and selection process is provided in Figure 2.
This diagram illustrates the progression from the initial search results to the final included
articles, highlighting the exclusion steps at each stage.
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Figure 2. Flowchart of the search and selection of articles process.

3. Maternal Exercise During Perinatal Period
3.1. Exercise Recommendations Based on Gestational Period

Pregnancy is characterized by significant physical and psychological changes, making
women particularly susceptible to mental and physical health challenges [12]. Scientific
evidence underscores that regular PA during pregnancy offers numerous benefits [13]. To
optimize maternal and infant health, the World Health Organization (WHO) recommends
that pregnant and postpartum women engage in at least 150 min of moderate-intensity
aerobic PA weekly, complemented by muscle-strengthening and gentle stretching exer-
cises [14,15].

Despite these recommendations, widespread misconceptions about the risks of exer-
cise during the perinatal period hinder participation in PA programs during pregnancy and
in the postpartum period [16]. Contrary to these beliefs, evidence demonstrates that PA is
not associated with increased risks of miscarriage, preterm birth, low neonatal birthweight,
or perinatal mortality [17,18].

Integrating PA during pregnancy and breastfeeding provides substantial benefits
for both mothers and infants. Specifically, improvement or maintenance in this period is
enhanced by PE, a subcategory of PA. PE is planned, structured, repetitive, and regulates
maternal stress hormones, alleviating symptoms of depression and anxiety [19]. Similarly,
Tiemeyer et al. reported that PE improves maternal self-image, self-confidence, body image,
and emotional well-being [20]. Structured and repetitive movement also positively affects
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weight management, reduces the onset of GDM, and mitigates cardiovascular issues such
as high blood pressure and pre-eclampsia [21,22].

Fetal benefits are equally significant. Alvarez-Bueno et al. showed that PE promotes
placental growth and function, enhancing fetal development by ensuring sufficient oxygen
and nutrient supply [23]. Supporting this, Hoirisch-Clapauch et al. highlighted that
umbilical cord function facilitates metabolic regulation and fetal growth, which correlates
with maternal lifestyle [24]. Despite these benefits, many pregnant women decrease their
PA and PE levels during pregnancy, often failing to meet the recommended guidelines [25].
To corroborate, the WHO confirms that PA promotes maternal and fetal health without
compromising safety [26]. However, recommendations should be personalized based on
medical history and pregnancy conditions [18].

PA performed under professional supervision reduces the risks of GDM, pre-eclampsia,
preterm birth, and excessive GWG while improving insulin sensitivity [18,22]. Both
home-based and supervised exercise programs are effective options [27,28]. PA improves
cardiovascular function, enhancing cardiorespiratory fitness and reducing heart rate fre-
quency [29]. Ferrari et al. found that women participating in PE programs during pregnancy
experience better stamina, muscle strength, and energy levels [30].

Pregnant women can engage in three main types of PE: aerobic, resistance, and stretch-
ing exercises [31]. Aerobic exercises enhance cardiovascular health, while resistance training
builds muscle strength, particularly in the pelvic floor, reducing urinary incontinence and
improving postpartum recovery. Barakat et al. demonstrated that moderate aerobic ex-
ercise performed three times per week until 38-39 weeks reduces excessive GWG and
GDM risk [32]. Stretching exercises, which improve flexibility and reduce musculoskeletal
tension, are particularly beneficial as pregnancy progresses [33,34]. Monitoring adverse
symptoms during PE is essential to ensure safety for both the mother and fetus [35].

Exercise recommendations vary across trimesters. During the first trimester, moderate-
intensity, low-impact exercises help to alleviate symptoms like nausea and fatigue [18,31].
Song et al. reported that moderate aerobic activities reduce unfavorable pregnancy out-
comes [36]. Light resistance exercises and yoga can also enhance flexibility and tone [31].
In the second trimester, there are weight management benefits from a gradual increase
in exercise intensity as the metabolism accelerates [37]. Swimming and stationary cy-
cling are particularly beneficial for minimizing joint stress while providing cardiovascular
benefits [38].

During the third trimester, low-impact activities like walking reduce sedentary time
and prenatal anxiety [27,39]. Beetham et al. confirmed that vigorous exercise in healthy
pregnancies during this period remains safe [40]. Perales et al. [39] suggested focusing on
balance training to enhance postural stability, reduce fall risk, and improve core strength.

3.2. Effects of Exercise on Molecular and Epigenetic Mechanisms Related to Maternal Exercise

Maternal exercise induces significant biological changes at the molecular and epige-
netic levels. At the molecular level, PE modulates metabolic, inflammatory, and oxida-
tive pathways, enhancing maternal health and fostering a favorable intrauterine environ-
ment [18]. Exercise also influences epigenetic modifications, including DNA methylation,
histone changes, and microRNA (miRNA) expression. Franzago et al. demonstrated that
these adaptations affect gene regulation in maternal and fetal tissues, improving fetal
development and reducing chronic disease risk [41].

PE significantly impacts the endocrine system, modulating hormones like endorphins
and cortisol. Endorphins enhance mood, while balanced cortisol levels mitigate chronic
stress, benefiting neurodevelopment [42,43]. PE also improves insulin sensitivity, lowering
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maternal GDM risk and reducing the child’s future risk of metabolic disorders [21,44]. Xie
et al. highlighted the importance of PE during the first trimester in preventing GDM [21].

PE reduces systemic inflammation by lowering C-reactive protein (CRP), a marker of
cardiovascular strain and pregnancy complications like pre-eclampsia [45,46]. Improved
endothelial function during exercise enhances blood flow and reduces vascular stress,
supporting fetal development [45,47]. Additionally, PE mitigates oxidative stress by in-
creasing antioxidant enzyme levels, protecting maternal and fetal cells from damage [48,49].
Hussain et al. reported that PE enhances mitochondrial function, optimizing nutrient and
energy transfer to the fetus [49-51].

At an epigenetic level, PE targets genes associated with metabolism, growth, and stress
response. DNA methylation modulates metabolic efficiency, while histone modifications
influence gene expression [52-54]. Lycouid et al. found that miRNA modulation through
PE supports placental angiogenesis, enhancing fetal growth and development [55]. Gomes
Da Silva et al. demonstrated that these changes improve neonatal brain function and
cognitive abilities [56]. Children of physically active mothers exhibit improved glucose
regulation, lower body fat, and enhanced cardiovascular health compared to the offspring
of sedentary mothers [57].

4. Impact of Maternal Exercise During Pregnancy on Weight Growth
4.1. Effects of Maternal Physical Activity During Pregnancy on Birthweight

Maternal PA during pregnancy provides significant benefits, including a reduction
in the risk of developing GDM and excessive GWG. Recent studies have also explored its
potential role in regulating birthweight, though findings remain mixed [58]. This narrative
review includes trials conducted over the last five years, employing diverse methodologies
to investigate the impact of PA on at-term newborns worldwide.

A randomized controlled trial (RCT) conducted in 2023 compared three groups: struc-
tured supervised exercise training (three times a week), motivational counseling on PA
(seven sessions throughout pregnancy), and standard prenatal care. The results indicated
no significant differences in GWG or birthweight among the groups [59]. Similarly, a
study by Raper et al. recruited women aged 1840 years with a BMI of 18.5 to 35 kg/m?
and assigned them to either moderate-intensity aerobic exercise (150 min per week) or
low-intensity stretching and breathing sessions. The birthweight outcomes did not differ
between the groups [60].

Concerning GDM, a fitness training program for Iranian women with low-risk preg-
nancies after in vitro fertilization was shown to lower the incidence of GDM without
significant changes in birthweight [61]. In a separate study, Ding et al. evaluated 215 over-
weight or obese pregnant women, randomizing them into intervention and control groups.
The intervention included personalized dietary and PA recommendations, supported by a
monitoring tool and daily step goals (e.g., walking 6000 steps). Although the intervention
group exhibited a lower GDM incidence (24.5% vs. 37.8% in controls), there were no
significant differences in the macrosomia rates [62].

Further research by Yew et al. focused on women with GDM between 12 and 30 weeks
of gestation. The participants were randomized to either standard care or an integrated
program incorporating nutritional guidance, PA, and glucose monitoring. While the glu-
cose levels and neonatal complications were significantly lower in the intervention group,
the birthweight outcomes remained unchanged [63]. A similar study in 2023 involving
211 women with GDM also observed no differences in birthweight between groups, al-
though birth length showed a marginally significant improvement in the intervention
group [64].
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In Taiwan, 92 overweight or obese women were randomized into standard prenatal
care or an active health intervention. The results revealed that women in the intervention
group had lower body weights before delivery and their infants had significantly lower
birthweights compared to the controls [65]. Supporting these findings, the LIMIT trial
demonstrated that dietary and lifestyle improvements significantly reduced the incidence
of high birthweight among pregnant women with overweight or obesity [66].

A systematic review combining data from 2017 to 2020 with earlier analyses
(1990-2017) found that pregnancy-related PA consistently reduced GWG, GDM risk, and
other adverse outcomes. However, no statistically significant association was observed
between PA and birthweight [67]. Another review examining high-risk pregnancies with
bed rest recommendations highlighted significant variability in the relationship between
activity restriction and birthweight. It concluded that even in cases of recommended bed
rest, some level of PA might offer benefits if feasible [68]. The evidence supports that
PA during pregnancy positively impacts maternal health by lowering GWG and GDM
risks. However, its direct effects on birthweight remain less conclusive, likely influenced
by various maternal and fetal factors. Further studies are needed to isolate the specific
contributions of PA to birthweight outcomes, accounting for confounding variables such as
maternal comorbidities and other health interventions [61,62,65].

Table 1 summarizes studies on the effect of maternal physical activity during preg-
nancy on birth weight.
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Table 1. Summary of studies investigating the impact of maternal physical activity during pregnancy on birthweight.

Author Type of Study Location Sample Study Purpose Intervention Strategy Alg:tzr:; ;e Main Result
o
Exercise 3 times/week
. vs. . .
. The effect of physical . GWG at GA 40 weeks did not differ,
Roland et al. [59] cgﬁziﬁrellllztiil Denmark r(lj ;(;tii S\fozrigen activity on GWG and 7 tirr(i(e);l;lsimr?anc 81% neither did obstetric nor neonatal
preg ’ neonatal outcome \Iz)s & Y outcomes, including birthweight.
standard care
The effect of physical Exercise training A &;gmflce%ntly lower fGDM ff‘“dh
activity on the (walking, aerobic pre-eclampsia rate was found in the
Comparative A total of 170 pregnant . . s intervened IVF-pregnant women.
. . improvement in strength-conditioning, L
Raper et al. [60] quasi-experimental Iran women who maternal and fetal and relaxation exercises) NA However, there was no significant
clinical trial underwent IVE. health in women who vs difference in other negative maternal
.. and neonatal outcomes between the two
underwent IVE. no training . . . .
groups, including birthweight.
The influence of a WeChat-assisted dietary and exercise
WeChat-based dietar General advice intervention was effective in reducing
A total of 215 obese or and exercise y VS. the occurrence of GDM and excessive
Charkamyani F Randomized Beijing (China) overweight intervention on GDM personalized program, NA GWG in overweight/obese pregnant
etal. [61] controlled trial g reenant w%men revention in including We women. However, the incidence of
preg : ovSrwei ht/obese Chat-based dietary and macrosomia was not significantly lower
o nangt women exercise intervention in the intervention group than in the
preg g control group.
The effect of prenatal
Secondary data analvsis A total of 125 women exercise on maternal
Y 1y with singleton and neonatal health to . .
from prospective reonancies mitigate disparities Prenatal exercise reduced borderline
randomized study (<1P6) wgeeks) aged betwe%n non—%is anic Aerobic exercise significant racial /ethnic disparities in
Ding et al. [62] (ENHANCED by Mom) United States 18-40 ears’ B%VH Black women comp ared 150 min/week 789 terms of the risk of preterm birth and
& ’ focused on the influence be tweg,n 18 ’5 and to non-Hispanic vahite vs. ? gestational age with no effects found for
of exercise type on 34.99 ke /m? .an dno women inpterms of a low-intensity activity the risk of cesarian section and
infant outcomes ' pr;sexis t,ing re ductic;n in maternal neonatal birthweight.
throughout pregnancy. health conditions. and fetal
negative outcomes.
Effect of Habits-GDM, a Standard care L s . .
smartphone application vs. No statistically significant differences in
(app) coaching program integrated the proportions of women with
Randomized A total of 340 pregnant It’(l)f’ revent egxf ess%ve ! additional support Difficult to excessive GWG, absolute GWG, or
Yew et al. [63] controlled trial Singapore women diagnosed GWpG and to improve through Habits-GDM evaluate maternal and delivery outcomes
with GDM. P app that integrated between experimental groups. Average

glycemic control and
maternal and neonatal
outcomes in GDM.

dietary, physical activity,
weight, and glucose
monitoring.

glucose readings were lower in the
intervention group.
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Table 1. Cont.

Author Type of Stud Location Sample Study Purpose Intervention Strate Adhereon N Main Result
YP y P y furp 8y Rate (%)
o
The eff(e)csi O:;li;e_ and There were no differences between
postpartu Usual guidelines-based groups in offspring birth, neonatal,
multidimensional . .
- Lo care vs. anthropometric, or psychobehavioral
interdisciplinary lized Af
Sinele-blind lifestvl d personalized care outcomes up to one year. After
ingle-blin ifestyle an . . .
. . A total of 112 pregnant . focused on improving adjustments for maternal age and the
Gilbert et al. [64] randomized Losanna . psychosocial . . NA .,
controlled trial women with GDM. interventions and their the diet, physical offspring’s sex and age, there was a
offects on maternal and activity, and mental borderline significant between-group
X . health of the mother difference in birth length, with the
offspring metabolic and : .
. until 1 year postpartum. offspring of the mother from the
psychobehavioral . . . .
intervention group being slightly shorter.
outcomes.
To examine the effects Active healthcare with
A total of 92 pregnant . ) the mHealth app which
of the intervention of . . . , ,
. women <17 week of helped women with a The intervention group’s newborns
- Randomized . . the mHealth app on R . . . O
Chen et al. [65] . Taiwan gestational age who . training schedule and NA birthweight was significantly lower than
controlled trial overweigh/obese . S
were obese women dietary indications that of the control group.
or overweight. durine presnan vs.
& pregnancy: standard care
Standard care
A total of 970 pregnant  The effect of providing Vs. It. W?F. ep orteod that th.e re Wa;a
ith a singleton antenatal dietary and dietary and lifestyle significant 18% reduction in the
Randomized wormen with a sing y Y 4 incidence of infants with birthweight
Dodd et al. [66] Australia gestation between 10 lifestyle advice on advice, including a NA

controlled trial

and 20 weeks who were
overweight or obese.

neonatal
anthropometry.

combination of dietary,
exercise, and behavioral
strategies

>4.0 kg, and a 41% reduction in the
incidence of birthweight >4.5 kg in the
intervention group.

GA = gestational age; GDM = gestational diabetes mellitus; GWG = gestational weight gain; NA = not available.
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4.2. Effects of Maternal Physical Activity During Pregnancy on Children’s BMI

The pregnancy and preconception periods are critical windows for implementing
interventions to mitigate childhood obesity risks, with parental lifestyle behaviors serving
as significant determinants [69].

A recent study using data from four European mother—offspring cohorts within the
EndObesity Consortium, encompassing 31,200 families, analyzed various lifestyle patterns.
The findings revealed that maternal sedentary behavior, poor diet quality, and parental
smoking during pregnancy were strongly associated with higher child BMI Z-scores and a
greater risk of childhood overweight and obesity at five years of age [69].

To evaluate the long-term impact of lifestyle interventions compared to standard pre-
natal care, the LIMIT study enrolled overweight or obese women and tracked their children
from birth to ten years. Despite providing nutritional and lifestyle recommendations to the
mothers, this study found no significant reduction in the risk of childhood obesity. Nearly
45% of children exhibited BMI Z-scores exceeding the 85th percentile by age ten, indicating
a persistent risk of obesity into adolescence and adulthood [66].

Haby et al. analyzed data from children aged 2.5 years born to mothers who received
either standard prenatal care or lifestyle support aimed at limiting prenatal weight gain.
Their findings indicated that maternal BMI correlated with the children’s risk of overweight
and obesity, yet no direct link was found between maternal participation in the intervention
and children’s weight outcomes [70].

In Norway, Bjentegaard et al. conducted a study involving 855 women randomly
assigned to either standard prenatal care or an exercise intervention during pregnancy.
The results suggested a strong correlation between maternal and child BMI, regardless of
whether the mother engaged in PA during pregnancy [71].

A pooled analysis of two RCTs, including 1348 pregnant women assigned to either
standard care or supervised moderate-intensity exercise (three sessions per week), found
that PE during pregnancy reduced GWG, the risk of GDM, hypertension, and diabetes.
Importantly, it also significantly decreased the likelihood of childhood overweight and
obesity during the first year of life [72].

Other studies have explored the link between maternal PA during pregnancy and
childhood BMI. For example, Mitanchez et al. identified early pregnancy GWG as a
predictor of higher BMI and adiposity in offspring. This highlights PA as a potential
strategy to mitigate excessive GWG, though adherence to PA programs remains a challenge
for many women [73]. Additionally, another review found associations between healthy
pregnancy factors and childhood obesity risk but did not isolate PA as an independent
variable [74]. A systematic review and meta-analysis of 30 RCTs involving 16,137 women
also concluded that PA during pregnancy had no significant effect on children’s BMI [75].

While PA during pregnancy is highly recommended for reducing GDM and GWG, its
role in preventing childhood obesity remains unclear. The evidence suggests short-term
benefits, such as a reduced risk of childhood overweight during the first year of life, but
the long-term effects are inconsistent and influenced by confounding factors. Further
research is necessary to establish the independent impact of maternal PA on childhood BMI
trajectories, free from external biases.

Table 2 summarizes studies on the impact of maternal physical activity and lifestyle
interventions during pregnancy on childhood BMI.
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Table 2. Summary of studies assessing the impact of maternal physical activity and lifestyle interventions during pregnancy on childhood BMI outcomes.

Author Type of Study Location Sample Study Purpose Intervention Strategy Adherence Rate (%) Main Result
Effect of a dietary and
lifestyle intervention Standard care Dietary and lifestyle advice for
compared with routine vs. women with overweight and
Randomized antenatal care for dietary and lifestyle obesity in pregnancy did not
Dodd et al. [66] controlled trial Australia 1015 pregnant women with advice, including a NA reduce the risk of childhood
overweight and obesity ~ combination of dietary, obesity, with children remaining at
on their children” BMI exercise, and behavioral risk of adolescent and
at the age of strategies adult obesity.
8-10 years old.
The mother’s BMI at the
The effect of beginning of pregnancy is
intervention aimed at Stand;a]ls‘d care associated with the child’s BMI,
Non-randomized Children of V;gi‘égrﬁgvg; ;ﬂ standard care + lifestyle Only 27% fulfilled the :rl;(t):;eegffj:ylfem;zxextolﬁf;n
Haby et al. [70] controlled Sweden 538 pregnant women deli esity support via entire criteria of P : pres
. . . . elivered during L . with obesity could not
standardized trial with obesity . motivational talks with adherence
regular antenatal care in midwife and support demonstrate an effect on
their children’s BMI at from die ticiaI;p offspring’s BMI at 2.5 years of age,
2-5 years of age. ' regardless of a reduced GWG in
the intervention group.
Exercise 3 times/week . .
The effect of regular at moderate to high During the intervention Womenla;i herl.ng th thelexle reise
A total of 855 4 ¥ . . . d iod. only 57% of protocol had significantly lower
. . otal o pregnant moderate-intensity intensity an period, only 57% o . -
Multicentric . . o : weight and BMI compared with
. . women, among who exercise during participation in at least women in the A
Bjontegaard [6] randomized Norway .. . . the control group. However, it did
controlled trial only 281 participated to pregnancy on the one group intervention group not affect children’s BMI at 7 vears
follow-up for 7 years. children’s BMI at session/week adhered to the exercise . } ;i oy :
Children’s BMI is strictly
7 years of age. vs. protocol.

standard prenatal care

correlated to their mothers” BMI.

Perales [7]

Randomized

controlled trial Madrid (Spain)

A total of
1348 Caucasian women
aged 1845 years, free of
contraindications for
performing gestational
exercise and with
uncomplicated
singleton pregnancies.

The effect of prenatal
exercise on maternal
and neonatal health as
well as on children’s
BMI at 1 year.

Supervised exercise
3 times/week
vs.
standard care

Adherence and exercise
intensity is monitored
through heart rate
monitors

Pregnancy exercise slightly
reduced the risk of macrosomia
and of childhood
overweight/obesity during the
first year of life.

BMI = body mass index; NA = not available.
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5. Impact of Maternal Exercise During Breastfeeding on Childhood Obesity
5.1. Effect of Physical Activity on Breastmilk

Breastfeeding significantly improves overall quality of life for both mothers and
infants [76]. Exclusive breastfeeding, as recommended by the WHO for the first six months
of life, provides significant protective effects against childhood obesity, high body fat
mass, and certain non-communicable diseases (NCDs) later in life [77]. Additionally, it
supports optimal growth, development, and respiratory health [76,77]. In this context,
it is essential to analyze how PA can influence the composition of human breast milk
(HBM) and the breastfeeding process in general. According to the American College
of Obstetricians and Gynecologists (ACOG), regular aerobic exercise in breastfeeding
women can enhance maternal cardiovascular fitness without impacting milk production,
composition, or infant growth [78]. Breastfeeding women who engage in PA should ensure
that they meet the adequate dietary and fluid intake requirements. In addition to the
energy expenditure associated with any bodily movement, it is important to account for
the approximately 450-500 kcal/day required for lactation [79]. Recommendations include
breastfeeding before exercising, waiting at least one hour after exercising to breastfeed, or
using previously expressed milk if the baby shows a need to breastfeed immediately after
the mother exercises [80]. PE has shown to impact HBM even before the lactation period,
during pregnancy. A study by Aparicio et al. involved pregnant women randomly assigned
to either an exercise group (three 60 min sessions per week, combining aerobic and strength
training) or a control group, starting from the 17th week of gestation until delivery [81].
This study evaluated the levels of pro-inflammatory and anti-inflammatory cytokines in the
colostrum and mature milk. The findings revealed that the exercise program encouraged a
less pro-inflammatory profile, especially in colostrum [81]. Moreover, the frequency and
intensity of PA during pregnancy may influence breastfeeding duration. A prospective
cohort study was conducted to examine the relationship between antenatal PA and the
duration of breastfeeding among 1715 women who were recruited between 24 and 28 weeks
of gestation and followed for 12 months postpartum. PA data were collected using a
questionnaire. The results showed that, at 12 months, 71.8% of mothers were still engaged
in breastfeeding. Notably, mothers with higher levels of PA were shown to be more
committed to breastfeeding for 12 months compared to those with lower PA levels (odds
ratio, OR = 1.71 vs. 1.38) [82].

The clinical trial conducted by Be’er et al. examined the macronutrient composition
and energy content of HBM from 31 mothers who expressed milk on two consecutive days
(one day before and after engaging in PA and one control day without any PA).

The results indicated that moderate-to-high-intensity PA had no significant effect on
the levels of macronutrients (fat, carbohydrates, protein) or the energy content of the milk.
Additionally, the volume of milk expressed remained unchanged [83].

Concerning specific elements within HBM, adiponectin plays an important role in
glucose and fat metabolism. It is supposed to support infant metabolic development
and may offer protection against rapid weight gain during early childhood [84]. In this
regard, a randomized cross-over study investigated the effect of resistance exercise on
adiponectin concentrations in HBM [85]. Participants, exclusively breastfeeding mothers,
underwent three experimental conditions: moderate-intensity continuous training (MICT),
high-intensity interval training (HIIT), and no activity (REST). The adiponectin concentra-
tions in HBM were measured at four time points. The results showed a significant increase
in adiponectin concentrations 1 h after HIIT, with a 0.9 ug/L change (95% CI: 0.3 to 1.5)
compared to the REST condition (p = 0.025) [85].

Moreover, an important type of lipokine known as 12,13-dihydroxy-9Z-octadecenoic
acid (12,13-diHOME) plays a role in regulating fuel uptake and thermogenesis in brown



Nutrients 2025, 17, 660

13 of 33

adipose tissue. This lipokine was recently identified in HBM, and its abundance is inversely
correlated with infant adiposity, suggesting that variations in HBM composition may be
linked to early obesity risk. Plasma concentrations of 12,13-diHOME acutely increase
following PE; however, some studies suggest that these effects are transient. Similarly,
12,13-diHOME concentrations in HBM rise acutely after PE in most women, although it
remains unclear whether this effect plays a causal role in limiting rapid weight gain in
infants [86].

Additionally, human milk oligosaccharides (HMOs) are known to have a positive
effect on the health outcomes of newborns [87]. HMO concentrations in the HBM exhibit
significant intra- and inter-individual variability, which can be influenced by a range of
maternal factors [88]. However, the effect of PA on the HMOs content in HBM has not been
thoroughly investigated. A recent study by Biddulph and colleagues sought to examine the
potential impact of short-term maternal variables on HMO profiles in mature HBM [89].
Milk samples were collected at 3-4 months postpartum from 101 Australian women. The
results indicated that maternal postpartum PA levels had a significant effect on HMO
composition (p > 0.05) [89].

Despite the increasing interest in microbiota research, there is currently a lack of
studies specifically examining the effects of maternal PA on the composition of HBM
microbiota. Nonetheless, several studies have documented the positive effects of PA on
gut microbiota, highlighting a rise in bacterial diversity and richness [90]. Regarding the
relation between the mammary glands and the mother’s intestinal tract, it is plausible that
gut bacteria may migrate to the mammary gland via an endogenous pathway known as the
active migration theory [91]. Consequently, the modulation of the maternal gut microbiota
through PA or PE holds the potential to indirectly influence the composition of microbiota
in HBM [91].

Although the positive effects of PE on breastfeeding have been extensively studied
and highlighted, it is noteworthy that PA level often decreases during the lactation period.
In this context, the findings of Cabrera-Dominguez et al. are particularly insightful [92].
This study aimed to assess various factors, including PA, in a cohort of women during both
pregnancy and the postpartum breastfeeding period (<6 months post-delivery) using a
questionnaire. A significant reduction in the daily PA level was observed at the end of
pregnancy and during the lactation period. Notably, a decrease in the total activity level
was specifically associated with breastfeeding (p = 0.016). Additionally, women in the
breastfeeding group reported lower levels of social support compared to the gestational
period [92]. These findings underscore the potential negative impact of reduced sleep
quality, diminished PA, and lower social support on women’s health and overall well-being
during lactation.

Table 3 summarizes studies on the impact of maternal exercise during breastfeeding
on childhood obesity.



Nutrients 2025, 17, 660

14 of 33

Table 3. Summary table of studies included on the impact of maternal exercise during breastfeeding on childhood obesity.

Author

Type of Study

Location

Sample

Study Purpose

Intervention Strategy

Adherence
Rate (%)

Main Results

Aparicio VA et al. [81]

Pseudo randomized
controlled trial

Spain

A total of 24 pregnant
women from (exercise

group)
n = 23 (control group).

To examine the effect of
an exercise intervention
during pregnancy on
inflammatory markers
in both colostrum and
mature HBM.

A total of 3 intervention
groups: 3 times/week
from the 17th week of

gestation until delivery.
Each session included

10 min of warm-up,
40 min of circuit
training, 10 min of
cool-down.
Control group:
standard care.

n.a.

Mothers on the exercise program exhibited
36% lower concentrations of IL-8 and 27%
lower concentrations of TNF-« in their
colostrum compared to the control group
(p < 0.05 and p < 0.01, respectively).
Mothers in the exercise program group
showed a 30% increase in fractalkine levels
(p = 0.05) and a borderline significant 20%
higher concentration of IL-10 (p = 0.100) in
mature milk.

Nguyen PTH et al. [82]

Prospective
cohort study

Vietnam

A total of 1715 women
between 24 and
28 weeks of gestation
and followed until

12 months postpartum.

To assess the
relationship between
antenatal PA and the

duration of
breastfeeding.

Mothers with higher levels of PA exhibited
lower risk of breastfeeding cessation after
one year postpartum. Mothers with
increased PA demonstrated higher rates of
breastfeeding at 12 months compared to
those with lower activity levels (odds ratio,
OR =171 vs. 1.38).

Be’er et al. [83]

Prospective,
randomized, crossover
clinical trial

Israel

A total of 31 healthy
mothers
during lactation.

To evaluate the impact
of moderate-to-high-
intensity PA on the
volume and
macronutrient
composition of HBM.

Mothers followed 1 day
of moderate-to-high-
intensity aerobic PA and
1 day without PA. The
intensity of PA was
classified based on the
RPE scale.

Moderate-to-high-intensity PA did not
significantly affect the levels of
macronutrients (fat, carbohydrates,
protein) or the energy content of HBM. The
volume of expressed milk
remained unchanged.

Holmen M et al. [85]

Randomized
cross-over study

Norway

A total of 20 women
who exclusively
breastfeed
(6-12-week-old
term infant).

To evaluate the effect of
different PA intensities
(MICT, HIIT) vs. rest
(REST) on adiponectin
concentrations in HBM.

Three conditions in the
laboratory: REST
(45 min), MICT (walking
or jogging for 48 min),
and HIIT (10 min
warm-up at moderate
intensity followed by
four 4 min work-bouts,
separated by 3 min of
low-to-moderate
intensity).

A significant increase in adiponectin
concentrations 1 h after HIIT, with a
0.9 ug/L change (95% CI: 0.3 to 1.5)
compared to the REST condition
(p = 0.025).




Nutrients 2025, 17, 660

15 of 33

Table 3. Cont.

Author Type of Study Location Sample Study Purpose Intervention Strategy Alf:tzr:“? ;e Main Results
To investigate the
women during acation  shoretenm maternl Maternal postpartum PA levels had o
Biddulph C et al. [89] Observational study Australia & - . n.a na. significant effect on HMO composition
(34 months factors (including PA) (p > 0.05)
postpartum). on HMO profiles in p= 2.
mature HBM.
To evaluate maternal L L . .
variables (e.g,, quality Slgmﬁcz?nt redgctlon in daily PA during
Cabrera-Dominguez G . . A total of 60 women of life, sleep hygiene, the lactation p.er.lod. A decr.ease nt otal PA
Cross-sectional study Spain . : ) n.a na was specifically associated with
etal. [92] during lactation. and PA) in women X .
during both pregnancy breastfeeding (3 = 1683.67 £ 688.05;

and lactation.

p=0.016).

HBM = human breast milk; HMO = human milk oligosaccharides; HIIT = high-intensity interval training; MICT = moderate-intensity continuous training; n.a. = not available;
PA = physical activity; REST = no activity.
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5.2. Association Between Breastfeeding and Childhood Obesity

Breastfeeding has been widely recognized to play a pivotal role in the optimal growth
of the newborn, exerting an influence both on short-term and long-term health [93]. The
composition of HBM is dynamic and changes across the lactation stages, closely following
the needs of the infant. It provides adequate energy and bioactive factors that promote
somatic growth, regulate postnatal intestinal functions, boost immunity, and support brain
development [94] as well as metabolic development [95,96]. Moreover, HBM and formula
milk present different compositions of fat, protein, vitamin, and mineral content [94], with
a higher cholesterol (due to the presence of fat globule membrane in formula milk, as
it primarily derives from bovine milk [97]) and protein content in formula milk than in
HBM. Research revealed a strong correlation between increased protein intake during
infancy, weight gain, and the likelihood of developing obesity [98,99]. Therefore, the
WHO guidelines recommend exclusive breastfeeding at least for the first six months of
life and until the child is two years old or older with the concomitant introduction of
complementary foods to achieve optimal development [100]. Despite that, according to
statistical analysis, only 44% of infants are exclusively breastfed globally [101], with data
reported by the Higher Institute of Health in Italy for the year 2022 confirming this trend
(46.7% of children aged 2-5 months exclusively breastfed), characterized by a lower rate in
the South compared to the Center-North [102].

It is noteworthy that breastfeeding during the first 1000 days of life has been demon-
strated to reduce the risk of developing pediatric obesity throughout the modulation of
risk factors usually involved [103]. A meta-analysis revealed, in fact, that breastfeeding
is linked to a 13% decrease in the likelihood of overweight or obesity [104]. Azad et al.
reported that breastfeeding is inversely associated with weight gain velocity and BMI in a
dose-dependent manner [105]. A cohort study conducted by Ong YY et al. reported that
children breastfed for less than four months had increased BMI at age 6 in comparison with
those breastfed for over four months [106]. Similarly, in the United States, a study examined
children aged 4 to 8 and discovered a dose-response relationship between breastfeeding
and the likelihood of developing pediatric obesity, with a reduction in the risk of 60% for
those who were breastfed for 6 months compared to non-breastfed counterparts [107]. A
longitudinal study also showed that each additional month of exclusive breastfeeding was
associated with a 1% decrease in BMI and a 2% reduction in fat mass at 6 years of age [108].
Moreover, it has been demonstrated that adults who were breastfed had lower rates of
overweight and obesity, type 2 diabetes [109], and hypertension [110,111] than those fed
infant formula, thus confirming the importance of breastfeeding for long-term health.

The mechanisms through which breastfeeding seems to counteract the risk of develop-
ing obesity are different and are based on the influence exerted by the bioactive components
introduced as well as the modulation of gene expression exerted by HBM itself [112,113].

Firstly, HBM is the most enriched source of miRNAs among all human body flu-
ids [114]. Abbas et al. demonstrated the association between exosomal milk miRNAs and
the regulation of adipogenesis [115]. Different studies reported that miRNA-148a-3p, a
crucial component of milk exosomes [108,116], directly targets DNA methyl-transferase
1 (DNMT1) [117,118], while the Targetscan Human 8.0 database revealed that miRNAs
contained in HBM exosomes such as miRNA-30-5p, miRNA-21-5p, and miRNA-155-5p
all target FTO [119]. Their action results in the regulation of adipogenesis and protection
against early adipogenic lineage commitment.

Also, HBM contains leptin, adiponectin, and ghrelin, hormones involved in the
regulation of appetite and energy balance that, therefore, play a key role in metabolic
health [120,121]. Ghrelin, for example, was discovered to have an inverse correlation with
weight gain among breastfed children compared to formula-fed counterparts [120,121].
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Adiponectin in HBM is also associated with a lower risk of childhood overweight [122].
In general, the plasmatic concentration of these hormones appears to be further enhanced
by the effect of HBM on the genetic profile of the newborn. The cross-sectional study
conducted by Wijnands KP et al. in 17-month-old infants revealed a negative correlation
between the duration of breastfeeding and the LEP gene methylation level [123]. These find-
ings were also confirmed by Sherwood et al., whose research in children aged 10 who were
breastfed for longer demonstrated a decreased LEP gene methylation level [124,125]. The
less LEP gene is methylated the more its expression is enhanced, thus suppressing hunger
and helping to prevent the development of pediatric obesity. The epigenetic modulation ex-
erted by breastfeeding seems to also affect other genes involved in energy metabolism, such
as fat mass and obesity-associated (FTO) gene, Retinoid X Receptor Alpha (RXRA), and
human peroxisome proliferator-activated receptor gamma (PPAR-y) gene. HBM has been
reported to alter the DNA methylation of the FTO gene, well known for its variance among
individuals and its strong correlation with obesity [126]. In fact, Cheshmeh et al. found
that the FTO gene expression level was significantly lower in breastfed infants compared
to formula-fed and mixed-fed infants [127]. Kanders et al. demonstrated breastfeeding
moderating action in the association between FTO rs9939609 polymorphism (defined as an
obesity-related polymorphism because of its role in increasing BMI and adiposity [128,129])
and children’s BMI [130], as also reported by Wu YY et al., whose research demonstrated
that five months of exclusive breastfeeding attenuated the increase in BMI and delayed
the timing of the adiposity peak among FTO rs9939609 variant carriers [131]. However,
further evidence is still needed as, for example, data reported from a study conducted by
Dedoussis et al. revealed a correlation between breastfeeding and rs9939609 and rs17817449
FTO variants in two Greek cohorts, but not in a British cohort [132].

Pauwels et al. demonstrated that infants breastfed for 6 months had significantly lower
RXRA gene methylation levels compared to non-breastfed infants, leading to inversely
linked HBM to RXRA gene methylation levels [133].

Finally, the study conducted by Verier et al. [134] showed that among children carrying
the high-risk obesity-related phenotype Prol2Ala of the PPAR-y gene BMI, waist circum-
ference and skinfold thickness all decreased with an increased duration of breastfeeding
compared to children who were formula-fed, thus suggesting that breastfeeding might
modulate PPAR-y gene transcriptional activity among individuals carrying the Prol12Ala
allele. As reported before, more investigations are needed as no influence on weight gain
was detected in children without PPAR-y gene Prol2Ala polymorphism in both breastfed
and formula-fed children [134].

It could be possible that breastfeeding exerts its preventing function on childhood
obesity mostly in children with specific genetic backgrounds. However, the benefits related
to breastfeeding are not only related to its epigenetic effects.

Breastfed infants were reported to have a better ability to regulate their food intake
compared to bottle-fed infants [135], which may show that they have a poor self-regulation
of intake and reduced prolonged satiety both in the newborn period and in later child-
hood [136]. A possible explanation is that breastfeeding allows the infant to have more con-
trol over the volume of milk swallowed in every feed, while, in bottle-feeding, the mother
has more control and leads the baby to consume more, for example, through encouraging
it to finish the bottle or adding feeds to increase the infant’s sleep period [137]. Moreover,
breastfed infants are more likely to consume fruits and vegetables and to be less picky,
having, in general, a healthier diet compared to their formula-fed counterparts [138-140].
This is because of their exposure to different flavors through their mother’s diet before and
directly through the consumption of solid foods [141,142]. Moreover, it was then reported
that breastfed children who were breastfed for the first 6 months of life were less likely to
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show a desire to drink sugar products [121]. Interestingly, infants’ circadian rhythms, that
after birth are still immature [143], are also influenced by breastfeeding.

It was reported that HBM contains high levels of tryptophan (TRP) [144] and that TRP
acts as a cue in the regulation of the biological rhythms in the BF breastfed infant [145].
Lodemore et al. observed that circadian rhythmicity in body temperature appeared earlier
in BF breastfed infants compared to formula-fed counterparts [146].

Finally, breastfeeding is the main factor that constitutes infant intestinal micro-
biota [147]. It was demonstrated that breastfed infants have higher levels of Bifidobacterium
compared to formula-fed infants [148,149] thanks to skin-to-skin contact immediately after
birth, with the first feedings of colostrum, and with breastfeeding. HBM contains probiotics
that colonize the infant gut [150].

It is important to note that these benefits are directly related to the mother’s diet and
the mother’s BMI, which influence HBM composition. Research has shown that HBM from
obese mothers with obesity has significant differences in the concentration of metabolites
with respect to that of normal-weight mothers; this may affect infant postnatal growth and
long-term health [151].

Therefore, although the true potential of breastfeeding remains partially unclear and
needs further investigation, all these results, taken together, allow us to say that HBM
provides the baby with enormous benefits. Understanding the complex interactions in
which breastfeeding is involved and studying the epigenetic mechanisms affected by the
introduction of HBM will provide valuable insights into the prevention of childhood obesity,
supporting also the development of personalized approaches.

Table 4 summarizes studies on the role of breastfeeding in weight control.
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Table 4. Summary table of relevant studies on the role of breastfeeding in controlling weight.

Author

Type of Study

Location

Sample

Study Purpose

Intervention Strategy

Main Results

Ong YY et al. [106]

Prospective cohort
study

Singapore

A total of 839 children

Associations between the timing

of the introduction of

complementary foods, the

duration of BF, and their

interaction with child adiposity

Infant feeding practices data
collection.
Measurement of adiposity and
cardiometabolic risk markers.

Children breastfed for less than four
months had increased BMI at age 6
with respect to those breastfed for
over four months

Hildebrand
JSetal. [107]

Cross-sectional study

United States

A total of 823 children,
ages 4-8 years

Breastfeeding associations with

childhood obesity and
body composition

Demographic and lifestyle
information data collection.
Infant feeding practices
data collection.

Infant height and weight
data collection.
Measurement of fat and fat-free
body mass.

Dose-response relationship between
breastfeeding and the likelihood of
developing pediatric obesity—60%
reduction in the risk for children
breastfed for 6 months compared to
non-breastfed

Rzehak P et al. [152]

Longitudinal study

Australia and
Europe

A total of
6708 individuals

Identify growth patterns and
investigate early nutritional
programming potential on growth

patterns BMI

Data collection on full breastfeeding,
infants” anthropometry, and
body composition.

Exclusive breastfeeding was
associated with a 1% decrease in
BMI and a 2% reduction in fat mass
at 6 years of age

Wijnands
KP et al. [123]

Cross-sectional study

Netherlands

A total of 120 healthy
children at 17 months
of age

Investigate the influence of
breastfeeding on infant DNA

methylation levels

Data collection about infant
conditions in the periconception,
prenatal, and postnatal periods.
Blood sample collection from
mothers and children.

Negative correlation between the
duration of breastfeeding and LEP
gene methylation level

Sherwood et al. [124]

Comprehensive
epigenome-wide
association study

England

Children aged 10

Identify associations between
breastfeeding and DNAm patterns

in childhood

Data collection about infants’
allergic disease status, breastfeeding
practice, and infant nutrition.
Peripheral blood sample collection.

Decreased LEP gene methylation
level in those who were breastfed
for longer

Cheshmeh et al. [127]

Case—control study

Iran

A total of 150 healthy
infants aged 5-6 months
into 3 groups: breastfed,

formula-fed, mix-fed.

Investigate the effect of

breastfeeding, formula feeding,
and mix feeding (breastfed plus
formula-fed) on the expression

level of FTO gene

Data collection about infant
feeding practices.
Complete children physical checkup.
Blood sample collection.

FTO gene expression level was
significantly lower in breastfed
infants compared to formula-fed
and mixed-fed infants.

Kanders et al. [130]

Cohort study

Sweden

A total of
4712 adolescents

To assess the moderating effect of
breastfeeding duration on the
relationship between FTO

159939609 and BMI

Data collection through a
self-reported questionnaire.
Saliva sample collection.

Breastfeeding moderating action in
the association between FTO
1rs9939609 polymorphism and

child BMI

Wu YY etal. [131]

Longitudinal study

England

A total of 5590 children

Investigate exclusive

breastfeeding role on child FTO

gene expression and
BMI trajectories

Parent and child data collection
(FTO genotypes included).
Questionnaire about routine
healthcare and clinic attendance.

Five months of exclusive
breastfeeding attenuated the
increase in BMI and delayed the
timing of the adiposity peak among
FTO rs9939609 variant carriers
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Table 4. Cont.

Author Type of Study Location Sample Study Purpose Intervention Strategy Main Results
Study .that includes . Data collection about infants” health Correlation between breastfeeding
three independent G d Assess whether breastfeeding d breastfeedine hist d r$9939609-rs17817449 FTO
Dedoussis et al. [132] pediatric cohorts reece an A total of 7837 children mediated the known association and preastieeding history. and rs? s
England Blood and/or saliva variants in 2 Greek cohorts, but not
(GENDAI, GENESIS, between FTO and BMI le collecti in the British cohort
and ALSPAC study) sample collection. in the British cohor
Data collection about health status,
socio-demographic factors, lifestyle
Prospective Assess the effect of breastfeeding habits, and physical activity of Infants breastfed for 6 months had
P 1 pectve, . A total of 101 mothers duration on infant growth and the mothers. significantly lower RXRA gene
auwels et al. [133] observational Belgium . . . . . , .
cohort study and children methylatlon levels in . Data Follectlon about‘ infants methylation levels c.ornpared to
obesity-related genes birthweight, length, delivery type, non-breastfed infants
type and duration of feeding.
Saliva samples collection.
Anthropometric measurements and
physical activity data collection.
Data collection about BMI, waist circumference, and
A total of 945 adolescents Assess the modulating effect of PPARG2 Pro12Ala skinfold thickness all decreased
Verier et al. [134] Cross-sectional study Europe (mean age 14.7 years) breastfeeding on PPARG2 polymorphism and breastfeeding. with an increased duration of
§e &7y Prol2Ala polymorphism Data collection about weight and breastfeeding compared to children
height at birth and duration who were formula-fed
of gestation.
Blood samples collection.
Weekly overnight recordings of
infant body temperature from 6 to
At . Influence of breastfeeding on 16 weeks of age. Circadian rhythmicity in body
s otal of 26 infants from . - o . . L
Lodemore et al. [146] longitudinal study England 6 to 16 weeks old circadian rhythmicity in Recordings about any episodes of temperature appeared earlier in BF

body temperature

illness in the infant.
Basic perinatal, weight and height,
feeding regimen data collection.

respect to formula-fed infants.

BF = breast feeding; BMI = body mass index; FTO = fat mass and obesity-associated protein; RXRA = Retinoid X Receptor Alpha; PPARG = peroxisome proliferator-activated

receptor gamma.
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6. Physical Intervention Strategies During Pregnancy and Breastfeeding

Various studies have explored strategies to promote PA during pregnancy and breast-
feeding, emphasizing tailored guidance from specialists within prenatal and postnatal
care. Incorporating PA into these periods not only enhances maternal health but also
influences HBM composition without affecting milk supply volumes [153]. Studies suggest
that the HBM of physically active mothers has improved nutritional properties, which
positively impact infant metabolism and growth while reducing the risk of overweight and
obesity [86,120].

Despite the established benefits of PA, approximately 75% of pregnant women fail to
meet the recommended guidelines, and sedentary behaviors are expected to increase in the
coming years [15,16]. Pregnancy introduces numerous physical and psychological changes,
some of which may act as barriers to PA. For example, the progressive increase in body
weight during pregnancy elevates energy demands and makes weight-bearing activities
more physically taxing [18].

Similarly, the postpartum and breastfeeding periods present unique challenges.
Women often prioritize their newborns’ needs, leading to reduced personal time and
increased sedentary behavior associated with breastfeeding [154-156]. Further examples of
factors that act as barriers and facilitators of PA practice are presented in Figure 3.

To promote a healthier lifestyle during these periods, interventions must accommodate
maternal needs and conditions.

6.1. Tailoring Physical Activity Interventions

To effectively implement PA strategies, women’s previous fitness levels should be
considered. Active pregnant women can safely engage in moderate-intensity exercise,
while sedentary women should begin with light-intensity activities and gradually increase
intensity over time. During pregnancy and breastfeeding, PA programs can include aerobic,
strength, and mobility exercises customized to maternal conditions. These exercises not
only improve cardiovascular fitness, muscle mass, and flexibility but also reduce the risk of
gestational complications and optimize postpartum recovery.

Hawkins et al. demonstrated the efficacy of tailored interventions in improving PA
levels during the first trimester of pregnancy. Women in the intervention group were,
on average, 93 min per week more physically active than the controls. Participants were
offered various activity options, such as dancing, walking, and yard work, and received
personalized tips to overcome barriers and adopt an active lifestyle [157].

Similarly, a study by Lewis et al. [14] highlighted that postpartum women partic-
ipating in an exercise intervention maintained or increased their PA levels at 6-month
and 9-month follow-ups compared to wellness and usual care groups. The intervention
involved telephone sessions with health educators who provided heart-rate-based intensity
guidelines, activity durations, and specific exercise types [158].

6.2. Challenges in Physical Activity Interventions

Not all PA interventions yield consistent success. A systematic review by Peralta et al. [159]
reported contrasting results among group-based interventions targeting postpartum
women with children aged 0-5 years. The authors found that while home-based and
remotely supervised exercise protocols achieved higher engagement rates, interventions
requiring on-site attendance were less effective. Furthermore, interventions solely focusing
on PA were generally more successful than those attempting to address multiple health
behaviors, such as diet or sleep habits [159].

Another systematic review on postpartum women emphasized the importance of PA
interventions in promoting weight loss and reducing the risk of comorbidities. However,
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this review concluded that the most effective intervention types for postpartum weight loss
remain unclear [156].

The evidence supports the value of tailored PA interventions during pregnancy and
breastfeeding for improving maternal and infant health outcomes. Personalized approaches,
including home-based and remote programs, appear to offer greater success in engaging
women in PA. Further research is needed to identify the most effective intervention strate-
gies for promoting sustained PA and long-term health benefits during these critical periods,
Figure 3.

Details of the mentioned PA interventions are summarized in Table 5.

PA barriers during
PREGNANCY and POSTPARTUM

Facilitators Facilitators

lear information about the
benefits of PA and strategies
to overcome barriers

PA-induced Stress
relief and professional
counseling

Community involvement (family,
friends, and professionals) and

tailored tips and programs

from childbirth

Lack of time, social and
family support

Sleep deprivation, mental
exhaustion, and recovery

Fatigue, pain, and physical
changes during pregnancy

Barriers Barriers

Figure 3. Graphical representations of facilitators and barriers of physical activity (PA) practice based
on prior qualitative studies [160-163]. PA = physical activity.
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Table 5. Main studies included on physical intervention strategies during pregnancy and breastfeeding.

Author Study Type Location Sample Size Study Purpose Intervention Strategy Adherence Rate (%) Main Results
Exercise interventions included: 50 to 96%
Determine if exercise swimming sessions; (50% a dherencoe rate Exercise was successful in
could limit excessive light-to-moderate aerobic exercise was (;oun dinastud reducing gestational weight
Hanley . . . gestational gain weight (intensities between 55 to 80%); . Y gain during pregnancy in 45%
Systematic review England 2086 (n = 13 articles) - - that included exercise O
etal. [156] and reduce prolonged resistance exercise; activities with of the studies included.
postpartum rate of perceived exertion between 10 intensities up to 80% of Moderate-intensity exercise is
weight retention. and 14 (describing activities between the HpR) ’ affecting weight management.
very light to somewhat hard).
Evaluate the Self-selected activities chosen among
. eff.eétlveness Qf an specific activities suggested by 41% of the women in
individually tailored, the experimenters; .
A . : R . the exercise group The group that performed
motivationally matched =~ Moderate-intensity activities, including completed all the exercise increased more in
. Intervention exercise intervention on dancing, walking, and yard work; pretec .
Hawkins . USA (Western . .. . o . prescribed terms of their level of PA
study supervised 260 physical activity levels ~ Exercise protocols 10% weekly increases .
etal. [157] Massachusetts) ; . . . o weekly sessions. compared to the group
remotely (RCT) in an ethnically diverse in activity time; o . .
L Overall, 33% of involved in the PA
sample of pregnant Phone calls to check motivation levels . . L .
women at high risk for and experienced barriers; post-intervention data promotion intervention.
gestational Tailored advice and tips on how to Were missing.
diabetes mellitus. overcome barriers.
A total of 11 telephone sessions Educating women about
(1 weekly sessions during the first month topics related to health and
and 2 weekly sessions during second well-being helped them
Investigate the efficacy and third months; 1 monthly session reduce stress and depression
Telephone-based of exercise and wellness  during the last three months) delivered 88% adherence at levels during the
. P . . interventions on by health professionals and 6-month follow-up; postpartum period.
Lewis et al. [158] intervention USA (Minnesota) 450 . - . o
study (RCT) preventing postpartum trained educators; 87% adherence at There was no support for the
9-month follow-up. preventive role of exercise for

depression and
perceived stress.

The suggested training intensities varied
from 55 to 70%;
Participants were asked to train a
minimum of 30 min per day, divided in
bouts of a minimum duration of 10 min.

postpartum depression;
therefore, exercise alone may
not be effective to prevent
symptoms of depression.
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Table 5. Cont.

Author Study Type Location Sample Size Study Purpose Intervention Strategy Adherence Rate (%) Main Results
On-site attendance interventions
Exercise protocols included yoga
activities and combined exercise
1nc}uf:hng moderate-mte.nsny aergblc The studies did not
training and strengthening exercises; L .
Evaluate and significantly increase the
. .. Group walks; .
summarize the findings L . levels of PA in the 2 years after
Remotely supervised interventions
of all relevant L7 . R postpartum. However,
. . . PA advice included walking activities, o . . . . .
Systematic review . group-based PA studies - . T 100% only in one study  interventions focusing mainly
Australia . N strengthening, stretching, and flexibility; . )
Peralta et al. [159] on group-based (Sydney) 779 (n = 6 articles) to examine the effects Mixed interventions includine both lasting one month; on PA promotion are more
interventions yaney on PA levels or other & 86 up to 96%. effective than multifaceted

health behavior
outcomes in
postpartum women.

center- and home-based protocols;
Interventions included mother and
newborn activities and counseling
sessions delivered by educators and/or
health professionals;
All interventions consisted of exercise
protocols varying between 20 min and
1 h of training.

interventions on the
achievement of minimum PA
levels suggested by the
WHO guidelines.

PA = physical activity; RCT = randomized controlled trial; HR = heart rate.



Nutrients 2025, 17, 660

25 of 33

7. Limits

This review has several limitations that must be acknowledged. As a narrative review,
it provides a qualitative, non-systematic analysis of the existing literature [11]. The lack
of standardized guidelines for conducting narrative reviews may introduce selection bias,
as the studies included were limited to those indexed in PubMed and Web of Science.
Consequently, relevant studies available in other databases or search engines may have
been excluded. This limitation was partially mitigated by screening reference lists and
cross-referencing related studies.

Another significant limitation is the paucity of research directly examining the impact
of maternal exercise on the risk of childhood obesity. This gap is largely attributable to
confounding factors, making it challenging to isolate the effects of PA. Further studies
are required to explore this relationship while rigorously controlling for variables such as
maternal comorbidities and the influence of non-exercise-related interventions.

Similarly, the relationship between PA and birthweight remains unclear. We selected
studies that considered the potential effect of PA on birthweight, even though these studies
are highly heterogeneous. It cannot be excluded that these parameters are strongly influ-
enced by multiple variables, including maternal health conditions and other interventions
that do not specifically target PA. Further research is necessary to eliminate these biases
and clarify the role of PA in influencing birthweight outcomes.

Specifically, randomized controlled trials are needed to evaluate the effect of PA on
birthweight and/or children’s BMI during pregnancy in normal-weight women without
any comorbidities, apart from sedentary behavior.

Lastly, while exercise during the postpartum period is recognized as beneficial for
promoting weight loss and reducing the risk of comorbidities, the optimal type, intensity,
and duration of interventions for achieving postpartum weight loss remain undefined.
Further investigation into this area could facilitate the development of tailored intervention
strategies to maximize health benefits for mothers.

To conclude, we did not discuss the role of maternal lifestyle in shaping the subsequent
lifestyle of children. A mother who is physically active during pregnancy and breastfeeding
encourages the child to adopt an active lifestyle in the early years of life. This represents an
additional factor that could be considered in preventing childhood obesity.

8. Conclusions

Maternal exercise during pregnancy and breastfeeding seems to offer benefits, re-
ducing the risk of childhood obesity by improving fetal metabolism, promoting healthy
maternal weight, and enhancing breastfeeding practices. The most recent literature un-
derscores pregnancy and the postpartum period as critical windows for implementing
preventive strategies that positively impact the health of both the mother and child.

PA during breastfeeding has been shown to improve HBM composition, enhancing the
concentration of key bioactive components such as adiponectin and lipokines, which are
beneficial for obesity prevention [85,86]. Furthermore, PA supports prolonged breastfeeding
duration and overall maternal and infant well-being. However, many mothers reduce their
PA levels during the postpartum period [92], which diminishes these protective effects.
This highlights the need for targeted efforts to support and encourage personalized PA
interventions during pregnancy and breastfeeding.

Despite the limitations of our review, the literature data support that encouraging
an active lifestyle during these periods, as a key component of primary prevention strate-
gies, could yield significant benefits for both mothers and their children. By fostering
supportive environments and providing tailored guidance, healthcare professionals can
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help mothers harness the protective benefits of PA, contributing to healthier outcomes for
the entire population.

Author Contributions: Conceptualization, V.C., H.C., M.V. and G.Z.; methodology, V.C., H.C., AP,
FS,E.C,C.C,CM, D.EM, M.V.C, M.V. and G.Z,; writing—original draft preparation, A.P,, F.S.,
E.C,C.C,CM, D.EM. and M.V.C,; writing—review and editing, V.C., H.C. and M.V,; supervision,
V.C,H.C, M.V. and G.Z. All authors have read and agreed to the published version of the manuscript.

Funding: Project performed in the context of (1) PODiaCar Project 101128946—PODiaCar—EU4H-
2022-PJ-3 co-funded by European Union; (2) National Recovery and resilience Plan (NRRP), Mission
4 Component 2 Investment 1.3-Call for proposal No. 341 of 15 March 2022 of Italian Ministry of
University and Research funded by the European Union-NextGenerationEU. Project code PE00000003,
Concession Decree No. 1550 of 11 October 2022 adopted by the Italian Ministry of University and
Research, CUP F13C22001210007, Project title “ON Foods-Research and innovation network on food
and nutrition Sustainability, Safety and Security-Working ON Foods”.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

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

References

1.

10.

11.

12.

13.

World Health Organization (WHO). Noncommunicable Diseases: Childhood Overweight and Obesity. n.d. Available online: https:
/ /www.who.int/news-room/questions-and-answers/item /noncommunicable-diseases-childhood-overweight-and-obesity (ac-
cessed on 25 November 2024).

World Health Organization (WHO). Obesity and Overweight. 2024. Available online: https:/ /www.who.int/news-room/fact-
sheets/detail / obesity-and-overweight (accessed on 25 November 2024).

UNICEE. Improving Young Children’s Diets During the Complementary Feeding Period—UNICEF Programming Guid-
ance, 2020 | UNICEEF. n.d. Available online: https://www.unicef.org/documents/improving-young-childrens-diets-during-
complementary-feeding-period-unicef-programming (accessed on 10 November 2024).

Woo Baidal, J.A.; Locks, L.M.; Cheng, E.R.; Blake-Lamb, T.L.; Perkins, M.E.; Taveras, E.M. Risk Factors for Childhood Obesity in
the First 1000 Days: A Systematic Review. Am. J. Prev. Med. 2016, 50, 761-779. [CrossRef] [PubMed]

Zhou, Y.; Xu, Y. Nutrition and Metabolism in the First 1000 Days of Life. Nutrients 2023, 15, 2554. [CrossRef] [PubMed]

Aubert, A.M.; Lecorguillé, M.; Schipper, M.C.; Douglas, A.; Kelleher, C.C.; Murrin, C.M.; Lioret, S.; Heude, B.; Gaillard, R,;
Phillips, C.M. Healthy lifestyle in the first 1000 days and childhood overweight and obesity in 4 European cohorts. Eur. . Public
Health 2023, 33 (Suppl. S2), ckad160.891. [CrossRef]

Bauer, I.; Hartkopf, J.; Kullmann, S.; Schleger, F.; Hallschmid, M.; Pauluschke-Frohlich, J.; Fritsche, A.; Preissl, H. Spotlight on the
fetus: How physical activity during pregnancy influences fetal health: A narrative review. BM] Open Sport—Exerc. Med. 2020, 6,
€000658. [CrossRef]

Pérez-Muiioz, C.; Carretero-Bravo, J.; Ortega-Martin, E.; Ramos-Fiol, B.; Ferriz-Mas, B.; Diaz-Rodriguez, M. Interventions in the
first 1000 days to prevent childhood obesity: A systematic review and quantitative content analysis. BMC Public Health 2022, 22,
2367. [CrossRef]

Chen, Y;; Ma, G.; Hu, Y.; Yang, Q.; Deavila, ].M.; Zhu, M.].; Du, M. Effects of Maternal Exercise During Pregnancy on Perinatal
Growth and Childhood Obesity Outcomes: A Meta-analysis and Meta-regression. Sports Med. 2021, 51, 2329-2347. [CrossRef]
Ma, J.; Qiao, Y.; Zhao, P; Li, W.; Katzmarzyk, P.T.; Chaput, ].P.; Fogelholm, M.; Kuriyan, R.; Lambert, E.V.; Maher, C.; et al.
Breastfeeding and childhood obesity: A 12-country study. Matern. Child Nutr. 2020, 16, €12984. [CrossRef]

Gregory, A.T.; Denniss, A.R. An Introduction to Writing Narrative and Systematic Reviews—Tasks, Tips and Traps for Aspiring
Authors. Heart Lung Circ. 2018, 27, 893-898. [CrossRef]

Moreno-Fernandez, J.; Ochoa, ].J.; Lopez-Frias, M.; Diaz-Castro, J. Impact of Early Nutrition, Physical Activity and Sleep on the
Fetal Programming of Disease in the Pregnancy: A Narrative Review. Nutrients 2020, 12, 3900. [CrossRef]

Leite, C.F,; do Nascimento, S.L.; Helmo, ER.; Dos Reis Monteiro, M.L.; Dos Reis, M. A.; Corréa, R.R. An overview of maternal and
fetal short and long-term impact of physical activity during pregnancy. Arch. Gynecol. Obstet. 2017, 295, 273-283. [CrossRef]


https://www.who.int/news-room/questions-and-answers/item/noncommunicable-diseases-childhood-overweight-and-obesity
https://www.who.int/news-room/questions-and-answers/item/noncommunicable-diseases-childhood-overweight-and-obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.unicef.org/documents/improving-young-childrens-diets-during-complementary-feeding-period-unicef-programming
https://www.unicef.org/documents/improving-young-childrens-diets-during-complementary-feeding-period-unicef-programming
https://doi.org/10.1016/j.amepre.2015.11.012
https://www.ncbi.nlm.nih.gov/pubmed/26916261
https://doi.org/10.3390/nu15112554
https://www.ncbi.nlm.nih.gov/pubmed/37299517
https://doi.org/10.1093/eurpub/ckad160.891
https://doi.org/10.1136/bmjsem-2019-000658
https://doi.org/10.1186/s12889-022-14701-9
https://doi.org/10.1007/s40279-021-01499-6
https://doi.org/10.1111/mcn.12984
https://doi.org/10.1016/j.hlc.2018.03.027
https://doi.org/10.3390/nu12123900
https://doi.org/10.1007/s00404-016-4204-9

Nutrients 2025, 17, 660 27 of 33

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, ].P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef] [PubMed]

Strain, T.; Flaxman, S.; Guthold, R.; Semenova, E.; Cowan, M.; Riley, L.M.; Bull, F.C.; Stevens, G.A. Country Data Author Group
National, regional, and global trends in insufficient physical activity among adults from 2000 to 2022: A pooled analysis of
507 population-based surveys with 5-7 million participants. Lancet Glob. Health 2024, 12, e1232—-e1243. [CrossRef] [PubMed]
Sparks, J.R.; Ruiz-Ramie, ].].; Kishman, E.E.; Wang, X. A Call for the Implementation of Physical Activity as a Vital Sign (PAVS)
During Pregnancy. Am. |. Lifestyle Med. 2024. Advance online publication. [CrossRef] [PubMed]

Menke, B.R.; Duchette, C.; Tinius, R.A.; Wilson, A.Q.; Altizer, E.A.; Maples, ]. M. Physical Activity during Pregnancy and Newborn
Body Composition: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 7127. [CrossRef]

Ribeiro, M.M.; Andrade, A.; Nunes, I. Physical exercise in pregnancy: Benefits, risks and prescription. J. Perinat. Med. 2021, 50,
4-17. [CrossRef]

Nakamura, A.; van der Waerden, J.; Melchior, M.; Bolze, C.; El-Khoury, F.; Pryor, L. Physical activity during pregnancy and
postpartum depression: Systematic review and meta-analysis. J. Affect. Disord. 2019, 246, 29-41. [CrossRef]

Tiemeyer, S.; Shreffler, K.; McQuillan, J. Pregnancy happiness: Implications of prior loss and pregnancy intendedness. J. Reprod.
Infant Psychol. 2020, 38, 184-198. [CrossRef]

Xie, W.; Zhang, L.; Cheng, J.; Wang, Y.; Kang, H.; Gao, Y. Physical activity during pregnancy and the risk of gestational diabetes
mellitus: A systematic review and dose-response meta-analysis. BMC Public Health 2024, 24, 594. [CrossRef]

Dobson, K.L.; da Silva, D.E; Dervis, S.; Mohammad, S.; Nagpal, T.S.; Adamo, K.B. Physical activity and gestational weight gain
predict physiological and perceptual responses to exercise during pregnancy. Birth Defects Res. 2021, 113, 276-286. [CrossRef]
Alvarez-Bueno, C.; Cavero-Redondo, L; Sénchez-Lopez, M.; Garrido-Miguel, M.; Martinez-Hortelano, J.A.; Martinez-Vizcaino, V.
Pregnancy leisure physical activity and children’s neurodevelopment: A narrative review. BJOG Int. ]. Obstet. Gynaecol. 2018, 125,
1235-1242. [CrossRef]

Hoirisch-Clapauch, S.; Porto, M.A.; Nardi, A.E. May maternal lifestyle have an impact on neonatal glucose levels? Med. Hypotheses
2016, 87, 80-86. [CrossRef] [PubMed]

Brown, W.J.; Hayman, M.; Haakstad, L.A.H.; Lamerton, T.; Mena, G.P; Green, A.; Keating, S.E.; Gomes, G.A.O.; Coombes,
J.S.; Mielke, G.I. Australian guidelines for physical activity in pregnancy and postpartum. J. Sci. Med. Sport 2022, 25, 511-519.
[CrossRef] [PubMed]

Artal, R. Exercise in Pregnancy: Guidelines. Clin. Obstet. Gynecol. 2016, 59, 639-644. [CrossRef]

Kong, K.L.; Campbell, C.; Wagner, K.; Peterson, A.; Lanningham-Foster, L. Impact of a walking intervention during pregnancy on
post-partum weight retention and infant anthropometric outcomes. J. Dev. Orig. Health Dis. 2014, 5, 259-267. [CrossRef]
Sytsma, T.T.; Zimmerman, K.P.; Manning, ].B.; Jenkins, S.M.; Nelson, N.C.; Clark, M.M.; Boldt, K.; Borowski, K.S. Perceived
Barriers to Exercise in the First Trimester of Pregnancy. J. Perinat. Educ. 2018, 27, 198-206. [CrossRef]

Oliveira, C.; Imakawa, T.D.S.; Moisés, E.C.D. Physical Activity during Pregnancy: Recommendations and Assessment Tools.
Atividade fisica durante a gestacao: Recomendagdes e ferramentas de avaliagao. Rev. Bras. De Ginecol. E Obstet. Rev. Da Fed. Bras.
Das Soc. De Ginecol. E Obstet. 2017, 39, 424-432. [CrossRef]

Ferrari, N.; Joisten, C. Impact of physical activity on course and outcome of pregnancy from pre- to postnatal. Eur. J. Clin. Nutr.
2021, 75, 1698-1709. [CrossRef]

Barakat, R.; Perales, M. Resistance Exercise in Pregnancy and Outcome. Clin. Obstet. Gynecol. 2016, 59, 591-599. [CrossRef]
Barakat, R.; Refoyo, I.; Coteron, J.; Franco, E. Exercise during pregnancy has a preventative effect on excessive maternal weight
gain and gestational diabetes. A randomized controlled trial. Braz. |. Phys. Ther. 2019, 23, 148-155. [CrossRef]

Berta, M.; Lindgren, H.; Christensson, K.; Mekonnen, S.; Adefris, M. Effect of maternal birth positions on duration of second stage
of labor: Systematic review and meta-analysis. BMC Pregnancy Childbirth 2019, 19, 466. [CrossRef]

Hu, X.; Ma, M.; Zhao, X.; Sun, W,; Liu, Y.; Zheng, Z.; Xu, L. Effects of exercise therapy for pregnancy-related low back pain and
pelvic pain: A protocol for systematic review and meta-analysis. Medicine 2020, 99, e17318. [CrossRef] [PubMed]

De Sousa, V.P.S.; Cury, A.; Eufrasio, L.S.; de Sousa, S.E.S.; Coe, C.B.; de Souza Ramalho Viana, E. The influence of gestational
trimester, physical activity practice and weight gain on the low back and pelvic pain intensity in low risk pregnant women. J.
Back Musculoskelet. Rehabil. 2019, 32, 671-676. [CrossRef] [PubMed]

Song, B.; Wang, D.; Yan, X; Yan, P; Liu, H.; Li, H.; Yi, S. Physical activity and sleep quality among pregnant women during the
first and second trimesters are asociated with mental health and adverse pregnancy outcomes. BMC Women’s Health 2024, 24, 455.
[CrossRef] [PubMed]

Nakagaki, A.; Inami, T.; Minoura, T.; Baba, R.; Iwase, S.; Sato, M. Differences in autonomic neural activity during exercise between
the second and third trimesters of pregnancy. J. Obstet. Gynaecol. Res. 2016, 42, 951-959. [CrossRef] [PubMed]

Gundle, L.; Atkinson, A. Pregnancy, cold water swimming and cortisol: The effect of cold water swimming on obstetric outcomes.
Med. Hypotheses 2020, 144, 109977. [CrossRef]


https://doi.org/10.1136/bjsports-2020-102955
https://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1016/S2214-109X(24)00150-5
https://www.ncbi.nlm.nih.gov/pubmed/38942042
https://doi.org/10.1177/15598276241295993
https://www.ncbi.nlm.nih.gov/pubmed/39540165
https://doi.org/10.3390/ijerph19127127
https://doi.org/10.1515/jpm-2021-0315
https://doi.org/10.1016/j.jad.2018.12.009
https://doi.org/10.1080/02646838.2019.1636944
https://doi.org/10.1186/s12889-024-18131-7
https://doi.org/10.1002/bdr2.1808
https://doi.org/10.1111/1471-0528.15108
https://doi.org/10.1016/j.mehy.2015.11.017
https://www.ncbi.nlm.nih.gov/pubmed/26774163
https://doi.org/10.1016/j.jsams.2022.03.008
https://www.ncbi.nlm.nih.gov/pubmed/35418334
https://doi.org/10.1097/GRF.0000000000000223
https://doi.org/10.1017/S2040174414000117
https://doi.org/10.1891/1058-1243.27.4.198
https://doi.org/10.1055/s-0037-1604180
https://doi.org/10.1038/s41430-021-00904-7
https://doi.org/10.1097/GRF.0000000000000213
https://doi.org/10.1016/j.bjpt.2018.11.005
https://doi.org/10.1186/s12884-019-2620-0
https://doi.org/10.1097/MD.0000000000017318
https://www.ncbi.nlm.nih.gov/pubmed/32011431
https://doi.org/10.3233/BMR-171006
https://www.ncbi.nlm.nih.gov/pubmed/31104004
https://doi.org/10.1186/s12905-024-03126-8
https://www.ncbi.nlm.nih.gov/pubmed/39138442
https://doi.org/10.1111/jog.12990
https://www.ncbi.nlm.nih.gov/pubmed/27121772
https://doi.org/10.1016/j.mehy.2020.109977

Nutrients 2025, 17, 660 28 of 33

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Perales, M.; Santos-Lozano, A.; Ruiz, ].R.; Lucia, A.; Barakat, R. Benefits of aerobic or resistance training during pregnancy on
maternal health and perinatal outcomes: A systematic review. Early Hum. Dev. 2016, 94, 43—48. [CrossRef]

Beetham, K.S.; Giles, C.; Noetel, M.; Clifton, V.; Jones, ].C.; Naughton, G. The effects of vigorous intensity exercise in the third
trimester of pregnancy: A systematic review and meta-analysis. BMC Pregnancy Childbirth 2019, 19, 281. [CrossRef]

Franzago, M.; Fraticelli, E; Stuppia, L.; Vitacolonna, E. Nutrigenetics, epigenetics and gestational diabetes: Consequences in
mother and child. Epigenetics 2019, 14, 215-235. [CrossRef]

Grattan, D.R.; Ladyman, S.R. Neurophysiological and cognitive changes in pregnancy. Handb. Clin. Neurol. 2020, 171, 25-55.
[CrossRef]

Morton, A.; Teasdale, S. Physiological changes in pregnancy and their influence on the endocrine investigation. Clin. Endocrinol.
2022, 96, 3-11. [CrossRef]

Aune, D.; Sen, A.; Henriksen, T.; Saugstad, O.D.; Tonstad, S. Physical activity and the risk of gestational diabetes mellitus: A
systematic review and dose-response meta-analysis of epidemiological studies. Eur. J. Epidemiol. 2016, 31, 967-997. [CrossRef]
[PubMed]

Maguire, PJ.; Power, K.A.; O'Higgins, A.C.; Jackson, S.; Harley, R.; le Roux, C.W.; Turner, M.]. Maternal C-reactive protein in early
pregnancy. Eur. ]. Obstet. Reprod. Biol. 2015, 193, 79-82. [CrossRef] [PubMed]

Mohaupt, M.G. C-reactive protein and its role in preeclampsia. Hypertension 2015, 65, 285-286. [CrossRef]

Dockree, S.; Brook, J.; James, T.; Shine, B.; Impey, L.; Vatish, M. Pregnancy-specific reference intervals for C-reactive protein
improve diagnostic accuracy for infection: A longitudinal study. Clin. Chim. Acta Int. ]. Clin. Chem. 2021, 517, 81-85. [CrossRef]
Chiarello, D.I; Abad, C.; Rojas, D.; Toledo, F; Vazquez, C.M.; Mate, A.; Sobrevia, L.; Marin, R. Oxidative stress: Normal pregnancy
versus preeclampsia. Biochim. Et Biophys. Acta. Mol. Basis Dis. 2020, 1866, 165354. [CrossRef]

Hussain, T.; Murtaza, G.; Metwally, E.; Kalhoro, D.H.; Kalhoro, M.S.; Rahu, B.A.; Sahito, R.G.A; Yin, Y,; Yang, H.; Chughtai, M.L;
et al. The Role of Oxidative Stress and Antioxidant Balance in Pregnancy. Mediat. Inflamm. 2021, 2021, 9962860. [CrossRef]
Jovandaric, M.Z.; Babic, S.; Raus, M.; Medjo, B. The Importance of Metabolic and Environmental Factors in the Occurrence of
Oxidative Stress during Pregnancy. Int. . Mol. Sci. 2023, 24, 11964. [CrossRef]

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]

Deng, F; Lei, J.; Qiu, J.; Zhao, C.; Wang, X.; Li, M.; Sun, M.; Zhang, M.; Gao, Q. DNA methylation landscape in pregnancy-induced
hypertension: Progress and challenges. Reprod. Biol. Endocrinol. RBE 2024, 22, 77. [CrossRef]

Das, J.; Maitra, A. Maternal DNA Methylation During Pregnancy: A Review. Reprod. Sci. 2021, 28, 2758-2769. [CrossRef]
Poirier, C.; Desgagné, V.; Guérin, R.; Bouchard, L. MicroRNAs in Pregnancy and Gestational Diabetes Mellitus: Emerging Role in
Maternal Metabolic Regulation. Curr. Diabetes Rep. 2017, 17, 35. [CrossRef] [PubMed]

Lycoudi, A.; Mavreli, D.; Mavrou, A.; Papantoniou, N.; Kolialexi, A. miRNAs in pregnancy-related complications. Expert Rev.
Mol. Diagn. 2015, 15, 999-1010. [CrossRef] [PubMed]

Gomes da Silva, S.; Arida, R.M. Physical activity and brain development. Expert Rev. Neurother. 2015, 15, 1041-1051. [CrossRef]
[PubMed]

Morales-Sudrez-Varela, M.; Clemente-Bosch, E.; Peraita-Costa, L.; Llopis-Morales, A.; Martinez, I.; Llopis-Gonzalez, A. Maternal
Physical Activity During Pregnancy and the Effect on the Mother and Newborn: A Systematic Review. ]. Phys. Act. Health 2021,
18, 130-147. [CrossRef]

ACOG. Committee Opinion No.650: Physical Activity and Exercise During Pregnancy and the Postpartum Period. Obstet. Gynecol.
2021, 126, e135-e142. [CrossRef]

Roland, C.B.; Knudsen, S.D.; Alomairah, S.A.; Jessen, A.D.; Jensen, LK.B.; Breendstrup, N.; Molsted, S.; Jensen, A.K.; Stallknecht, B.;
Bendix, ].M.; et al. Effects of prenatal exercise on gestational weight gain, obstetric and neonatal outcomes: FitMum randomized
controlled trial. BMC Pregnancy Childbirth 2023, 23, 214. [CrossRef]

Raper, M.J.; McDonald, S.; Johnston, C.; Isler, C.; Newton, E.; Kuehn, D.; Collier, D.; Broskey, N.T.; Muldrow, A.; May, L.E. The
influence of exercise during pregnancy on racial/ethnic health disparities and birth outcomes. BMC Pregnancy Childbirth 2021, 21,
258. [CrossRef]

Charkamyani, F.; Hosseinkhani, A.; Neisani Samani, L.; Khedmat, L. Reducing the Adverse Maternal and Fetal Outcomes in IVF
Women by Exercise Interventions During Pregnancy. Res. Q. Exerc. Sport 2019, 90, 589-599. [CrossRef]

Ding, B.; Gou, B.; Guan, H.; Wang, J.; Bi, Y.; Hong, Z. WeChat-asisted dietary and exercise intervention for prevention of
gestational diabetes mellitus in overweight/obese pregnant women: A two-arm randomized clinical trial. Arch. Gynecol. Obstet.
2021, 304, 609-618. [CrossRef]

Yew, TW.; Chi, C.; Chan, S.Y,; van Dam, R.M.; Whitton, C.; Lim, C.S.; Foong, P.S.; Fransisca, W.; Teoh, C.L.; Chen, J.; et al.
A Randomized Controlled Trial to Evaluate the Effects of a Smartphone Application-Based Lifestyle Coaching Program on
Gestational Weight Gain, Glycemic Control, and Maternal and Neonatal Outcomes in Women With Gestational Diabetes Mellitus:
The SMART-GDM Study. Diabetes Care 2021, 44, 456—463. [CrossRef]


https://doi.org/10.1016/j.earlhumdev.2016.01.004
https://doi.org/10.1186/s12884-019-2441-1
https://doi.org/10.1080/15592294.2019.1582277
https://doi.org/10.1016/B978-0-444-64239-4.00002-3
https://doi.org/10.1111/cen.14624
https://doi.org/10.1007/s10654-016-0176-0
https://www.ncbi.nlm.nih.gov/pubmed/27485519
https://doi.org/10.1016/j.ejogrb.2015.07.005
https://www.ncbi.nlm.nih.gov/pubmed/26254855
https://doi.org/10.1161/HYPERTENSIONAHA.114.04531
https://doi.org/10.1016/j.cca.2021.02.015
https://doi.org/10.1016/j.bbadis.2018.12.005
https://doi.org/10.1155/2021/9962860
https://doi.org/10.3390/ijms241511964
https://doi.org/10.1530/REP-22-0278
https://doi.org/10.1186/s12958-024-01248-0
https://doi.org/10.1007/s43032-020-00456-4
https://doi.org/10.1007/s11892-017-0856-5
https://www.ncbi.nlm.nih.gov/pubmed/28378294
https://doi.org/10.1586/14737159.2015.1053468
https://www.ncbi.nlm.nih.gov/pubmed/26051307
https://doi.org/10.1586/14737175.2015.1077115
https://www.ncbi.nlm.nih.gov/pubmed/26289488
https://doi.org/10.1123/jpah.2019-0348
https://doi.org/10.1097/AOG.0000000000001214
https://doi.org/10.1186/s12884-023-05507-7
https://doi.org/10.1186/s12884-021-03717-5
https://doi.org/10.1080/02701367.2019.1639601
https://doi.org/10.1007/s00404-021-05984-1
https://doi.org/10.2337/dc20-1216

Nutrients 2025, 17, 660 29 of 33

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

Gilbert, L.; Quansah, D.Y.; Arhab, A.; Schenk, S.; Gross, J.; Lanzi, S.; Stuijfzand, B.; Lacroix, A.; Horsch, A.; Puder, J.J. MySweetheart
Research group Effect of the MySweetheart randomized controlled trial on birth, anthropometric and psychobehavioral outcomes
in offspring of women with GDM. Front. Endocrinol. 2023, 14, 1148426. [CrossRef]

Chen, H.H.; Hsiung, Y.; Lee, C.F,; Huang, J.P; Chi, LK.; Weng, S.S. Effects of an mHealth intervention on maternal and infant
outcomes from pregnancy to early postpartum for women with overweight or obesity: A randomized controlled trial. Midwifery
2024, 138, 104143. [CrossRef] [PubMed]

Dodd, ].M.; Deussen, A.R; Pefia, A.S.; Mitchell, M.; Louise, J. Effects of an antenatal dietary intervention in women with obesity
or overweight on child outcomes at 8-10 years of age: LIMIT randomised trial follow-up. BMC Pediatr. 2023, 23, 643. [CrossRef]
[PubMed]

Teede, H.J.; Bailey, C.; Moran, L.J.; Bahri Khomami, M.; Enticott, J.; Ranasinha, S.; Rogozinska, E.; Skouteris, H.; Boyle, J.A;
Thangaratinam, S.; et al. Association of Antenatal Diet and Physical Activity-Based Interventions With Gestational Weight Gain
and Pregnancy Outcomes: A Systematic Review and Meta-analysis. JAMA Intern. Med. 2022, 182, 106-114. [CrossRef] [PubMed]
Silva-Jose, C.; Mottola, M.E,; Palacio, M.; Sdnchez-Polan, M.; Zhang, D.; Refoyo, I.; Barakat, R. Impact of Physical Activity
Interventions on High-Risk Pregnancies: A Systematic Review and Meta-Analysis. J. Pers. Med. 2023, 14, 14. [CrossRef]
Lecorguillé, M.; Schipper, M.C.; O’'Donnell, A.; Aubert, A.M.; Tafflet, M.; Gasama, M.; Douglas, A.; Hébert, ].R.; de Lauzon-
Guillain, B.; Kelleher, C.; et al. Impact of parental lifestyle patterns in the preconception and pregnancy periods on childhood
obesity. Front. Nutr. 2023, 10, 1166981. [CrossRef]

Haby, K.; Gyllensten, H.; Hanas, R.; Berg, M.; Premberg, A A Lifestyle Intervention During Pregnancy and Its Effects on Child
Weight 2.5 Years Later. Matern. Child Health ]. 2022, 26, 1881-1890. [CrossRef]

Bjontegaard, K.A ; Stafne, S.N.; Morkved, S.; Salvesen, K.A. ; Evensen, K.A.I. Body mas index and physical activity in seven-year-
old children whose mothers exercised during pregnancy: Follow-up of a multicentre randomised controlled trial. BMC Pediatr.
2021, 21, 496. [CrossRef]

Perales, M.; Valenzuela, P.L.; Barakat, R.; Cordero, Y.; Peldez, M.; Lépez, C.; Ruilope, L.M.; Santos-Lozano, A.; Lucia, A. Gestational
Exercise and Maternal and Child Health: Effects until Delivery and at Post-Natal Follow-up. J. Clin. Med. 2020, 9, 379. [CrossRef]
Mitanchez, D.; Chavatte-Palmer, P. Review shows that maternal obesity induces serious adverse neonatal effects and is asociated
with childhood obesity in their offspring. Acta Paediatr. 2018, 107, 1156-1165. [CrossRef]

Paknahad, Z.; Fallah, A.; Moravejolahkami, A.R. Maternal Dietary Patterns and Their Association with Pregnancy Outcomes.
Clin. Nutr. Res. 2019, 8, 64-73. [CrossRef] [PubMed]

Barakat, R.; Silva-José, C.; Sdnchez-Poldn, M.; Zhang, D.; Lobo, P.; De Roia, G.; Montejo, R. Physical Activity during Pregnancy
and Childhood Obesity: Systematic Review and Meta-Analysis. J. Clin. Med. 2024, 13, 3726. [CrossRef] [PubMed]

Dieterich, C.M.; Felice, ].P.; O’Sullivan, E.; Rasmussen, K.M. Breastfeeding and health outcomes for the mother-infant dyad.
Pediatr. Clin. N. Am. 2013, 60, 31-48. [CrossRef]

WHO/UNICEE. Global Nutrition Targets 2025: Breastfeeding Policy Brief (WHO/NMH/NHD/14.7); World Health Organization:
Geneva, Switzerland, 2014.

Physical activity and exercise during pregnancy and the postpartum period. ACOG Committee Opinion No. 804. American
College of Obstetricians and Gynecologists. Obstet. Gynecol. 2020, 135, e178—e188.

Section on Breastfeeding Breastfeeding and the use of human milk. Pediatrics 2012, 129, e827—e841. [CrossRef]

Harrison, C.L.; Brown, W.J.; Hayman, M.; Moran, L.J.; Redman, L.M. The Role of Physical Activity in Preconception, Pregnancy
and Postpartum Health. Semin. Reprod. Med. 2016, 34, e28-e37.

Aparicio, V.A.; Océn, O.; Diaz-Castro, ].; Acosta-Manzano, P.; Coll-Risco, I.; Borges-C6sic, M.; Romero-Gallardo, L.; Moreno-
Fernandez, J.; Ochoa-Herrera, J.J. Influence of a Concurrent Exercise Training Program During Pregnancy on Colostrum and
Mature Human Milk Inflammatory Markers: Findings From the GESTAFIT Project. . Hum. Lact. 2018, 34, 789-798. [CrossRef]
Nguyen, PT.H.; Binns, CW.; Nguyen, C.L.; Van Ha, A.V,; Chu, K.T.; Duong, D.V.; Do, D.V,; Lee, A.H. Physical Activity During
Pregnancy is Associated with Improved Breastfeeding Outcomes: A Prospective Cohort Study. Int. |. Environ. Res. Public Health
2019, 16, 1740. [CrossRef]

Be’er, M.; Mandel, D.; Yelak, A.; Gal, D.L.; Mangel, L.; Lubetzky, R. The Effect of Physical Activity on Human Milk Macronutrient
Content and Its Volume. Breastfeed. Med. Off. ]. Acad. Breastfeed. Med. 2020, 15, 357-361. [CrossRef]

Young, B.E.; Levek, C.; Reynolds, R M.; Rudolph, M.C.; MacLean, P.; Hernandez, T.L.; Friedman, ]J.E.; Krebs, N.F. Bioactive
components in human milk are differentially asociated with rates of lean and fat mas deposition in infants of mothers with
normal vs. elevated BMI. Pediatr. Obes. 2018, 13, 598-606. [CrossRef]

Holmen, M.; Giskeodegard, G.F; Moholdt, T. High-intensity exercise increases breast milk adiponectin concentrations: A
randomised cross-over study. Front. Nutr. 2023, 10, 1275508. [CrossRef] [PubMed]

Moholdt, T.; Stanford, K.I. Exercised breastmilk: A kick-start to prevent childhood obesity? Trends Endocrinol. Metab. TEM 2024,
35, 23-30. [CrossRef] [PubMed]


https://doi.org/10.3389/fendo.2023.1148426
https://doi.org/10.1016/j.midw.2024.104143
https://www.ncbi.nlm.nih.gov/pubmed/39154597
https://doi.org/10.1186/s12887-023-04466-4
https://www.ncbi.nlm.nih.gov/pubmed/38114910
https://doi.org/10.1001/jamainternmed.2021.6373
https://www.ncbi.nlm.nih.gov/pubmed/34928300
https://doi.org/10.3390/jpm14010014
https://doi.org/10.3389/fnut.2023.1166981
https://doi.org/10.1007/s10995-022-03395-5
https://doi.org/10.1186/s12887-021-02952-1
https://doi.org/10.3390/jcm9020379
https://doi.org/10.1111/apa.14269
https://doi.org/10.7762/cnr.2019.8.1.64
https://www.ncbi.nlm.nih.gov/pubmed/30746349
https://doi.org/10.3390/jcm13133726
https://www.ncbi.nlm.nih.gov/pubmed/38999292
https://doi.org/10.1016/j.pcl.2012.09.010
https://doi.org/10.1542/peds.2011-3552
https://doi.org/10.1177/0890334418759261
https://doi.org/10.3390/ijerph16101740
https://doi.org/10.1089/bfm.2019.0292
https://doi.org/10.1111/ijpo.12394
https://doi.org/10.3389/fnut.2023.1275508
https://www.ncbi.nlm.nih.gov/pubmed/38164413
https://doi.org/10.1016/j.tem.2023.08.019
https://www.ncbi.nlm.nih.gov/pubmed/37735048

Nutrients 2025, 17, 660 30 of 33

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Saben, J.L.; Sims, C.R.; Abraham, A.; Bode, L.; Andres, A. Human Milk Oligosaccharide Concentrations and Infant Intakes Are
Associated with Maternal Overweight and Obesity and Predict Infant Growth. Nutrients 2021, 13, 446. [CrossRef] [PubMed]
Maessen, S.E.; Derraik, ].G.B.; Binia, A.; Cutfield, W.S. Perspective: Human Milk Oligosaccharides: Fuel for Childhood Obesity
Prevention? Adv. Nutr. 2020, 11, 35-40. [CrossRef] [PubMed]

Biddulph, C.; Holmes, M.; Tran, T.D.; Kuballa, A.; Davies, P.S.W.; Koorts, P.; Maher, J. Associations between Maternal Nutrition
and the Concentrations of Human Milk Oligosaccharides in a Cohort of Healthy Australian Lactating Women. Nutrients 2023, 15,
2093. [CrossRef]

Cataldi, S.; Bonavolonta, V.; Poli, L.; Clemente, EM.; De Candia, M.; Carvutto, R.; Silva, A.E.; Badicu, G.; Greco, G.; Fischetti, F.
The Relationship between Physical Activity, Physical Exercise, and Human Gut Microbiota in Healthy and Unhealthy Subjects: A
Systematic Review. Biology 2022, 11, 479. [CrossRef]

Bianco, I; Ferrara, C.; Romano, F; Loperfido, F; Sottotetti, F.; El Masri, D.; Vincenti, A.; Cena, H.; De Giuseppe, R. The Influence
of Maternal Lifestyle Factors on Human Breast Milk Microbial Composition: A Narrative Review. Biomedicines 2024, 12, 2423.
[CrossRef]

Cabrera-Dominguez, G.; de la Calle, M.; Herranz Carrillo, G.; Ruvira, S.; Rodriguez-Rodriguez, P; Arribas, S.M.; Ramiro-Cortijo,
D. Women during Lactation Reduce Their Physical Activity and Sleep Duration Compared to Pregnancy. Int. ]. Environ. Res.
Public Health 2022, 19, 11199. [CrossRef]

World Health Organization; United Nations Children’s Fund (UNICEF). Global Strategy for Infant and Young Child Feeding.
2003. Available online: https://www.who.int/publications/i/item /9241562218 (accessed on 25 November 2024).

Martin, C.R; Ling, P.R.; Blackburn, G.L. Review of Infant Feeding: Key Features of Breast Milk and Infant Formula. Nutrients
2016, 8, 279. [CrossRef]

Nyquist, S.K.; Gao, P.; Haining, TK.J.; Retchin, M.R.; Golan, Y.; Drake, R.S.; Kolb, K.; Mead, B.E.; Ahituv, N.; Martinez, M.E.; et al.
Cellular and transcriptional diversity over the course of human lactation. Proc. Natl. Acad. Sci. USA 2022, 119, €2121720119.
[CrossRef]

Ballard, O.; Morrow, A.L. Human milk composition: Nutrients and bioactive factors. Pediatr. Clin. N. Am. 2013, 60, 49-74.
[CrossRef] [PubMed]

Yang, Z.; Jiang, R.; Li, H.; Wang, J.; Duan, Y.; Pang, X,; Jiang, S.; Bi, Y.; Zhang, H.; Wang, S.; et al. Human milk cholesterol is
asociated with lactation stage and maternal plasma cholesterol in Chinese populations. Pediatr. Res. 2022, 91, 970-976. [CrossRef]
Koletzko, B.; Broekaert, I.; Demmelmair, H.; Franke, J.; Hannibal, I.; Oberle, D.; Schiess, S.; Baumann, B.T.; Verwied-Jorky, S. EU
Childhood Obesity Project Protein intake in the first year of life: A risk factor for later obesity? The E.U. childhood obesity project.
Adv. Exp. Med. Biol. 2005, 569, 69-79. [CrossRef] [PubMed]

Koletzko, B.; Demmelmair, H.; Grote, V.; Prell, C.; Weber, M. High protein intake in young children and increased weight gain
and obesity risk. Am. J. Clin. Nutr. 2016, 103, 303-304. [CrossRef] [PubMed]

World Health Organization. Exclusive Breastfeeding for Six Months Best for Babies Everywhere. 2011. Available on-
line: https://www.who.int/news/item/15-01-2011-exclusive-breastfeeding-for-six-months-best-for-babies-everywhere#:~:
text=WHO%20recommends%20mothers%20worldwide%20to,0f%20two0%20years %200r%20beyond (accessed on 25 November
2024).

Victora, C.G.; Bahl, R.; Barros, A.J.; Franca, G.V.; Horton, S.; Krasevec, J.; Murch, S.; Sankar, M.].; Walker, N.; Rollins, N.C.
Breastfeeding Series Group Breastfeeding in the 21st century: Epidemiology, mechanisms, and lifelong effect. Lancet 2016, 387,
475-490. [CrossRef] [PubMed]

Centro Nazionale per la Prevenzione Delle Malattie e la Promozione Della Salute, Istituto Superiore di Sanita. Sorveglianza
0-2 Anni: Indagine 2022. 30 Marzo 2023. Available online: https://www.epicentro.iss.it/sorveglianza02anni/indagine-2022
-allattamento (accessed on 25 November 2024).

Pietrobelli, A.; Agosti, M. MeNu Group Nutrition in the First 1000 Days: Ten Practices to Minimize Obesity Emerging from
Published Science. Int. J. Environ. Res. Public Health 2017, 14, 1491. [CrossRef]

Horta, B.L.; Loret de Mola, C.; Victora, C.G. Long-term consequences of breastfeeding on cholesterol, obesity, systolic blood
pressure and type 2 diabetes: A systematic review and meta-analysis. Acta Paediatr. 2015, 104, 30-37. [CrossRef]

Azad, M.B.; Vehling, L.; Chan, D.; Klopp, A.; Nickel, N.C.; McGavock, ].M.; Becker, A.B.; Mandhane, PJ.; Turvey, S.E,;
Moraes, T.].; et al. CHILD Study Investigators Infant Feeding and Weight Gain: Separating Breast Milk From Breastfeeding and
Formula From Food. Pediatrics 2018, 142, €20181092. [CrossRef]

Ong, Y.Y.; Pang, WW.; Michael, N.; Aris, LM.; Sadananthan, S.A.; Tint, M.T.; Liang Choo, J.T;; Ling, L.H.; Karnani, N,;
Velan, S.S.; et al. Timing of introduction of complementary foods, breastfeeding, and child cardiometabolic risk: A prospective
multiethnic Asian cohort study. Am. . Clin. Nutr. 2023, 117, 83-92. [CrossRef]

Hildebrand, J.S.; Ferguson, P.L.; Sciscione, A.C.; Grobman, W.A.; Newman, R.B.; Tita, A.T.; Wapner, R.].; Nageotte, M.P.; Palomares,
K.; Skupski, D.W.; et al. Breastfeeding Associations with Childhood Obesity and Body Composition: Findings from a Racially
Diverse Maternal-Child Cohort. Child. Obes. 2022, 18, 178-187. [CrossRef]


https://doi.org/10.3390/nu13020446
https://www.ncbi.nlm.nih.gov/pubmed/33572881
https://doi.org/10.1093/advances/nmz093
https://www.ncbi.nlm.nih.gov/pubmed/31612908
https://doi.org/10.3390/nu15092093
https://doi.org/10.3390/biology11030479
https://doi.org/10.3390/biomedicines12112423
https://doi.org/10.3390/ijerph191811199
https://www.who.int/publications/i/item/9241562218
https://doi.org/10.3390/nu8050279
https://doi.org/10.1073/pnas.2121720119
https://doi.org/10.1016/j.pcl.2012.10.002
https://www.ncbi.nlm.nih.gov/pubmed/23178060
https://doi.org/10.1038/s41390-021-01440-7
https://doi.org/10.1007/1-4020-3535-7_12
https://www.ncbi.nlm.nih.gov/pubmed/16137110
https://doi.org/10.3945/ajcn.115.128009
https://www.ncbi.nlm.nih.gov/pubmed/26791192
https://www.who.int/news/item/15-01-2011-exclusive-breastfeeding-for-six-months-best-for-babies-everywhere#:~:text=WHO%20recommends%20mothers%20worldwide%20to,of%20two%20years%20or%20beyond
https://www.who.int/news/item/15-01-2011-exclusive-breastfeeding-for-six-months-best-for-babies-everywhere#:~:text=WHO%20recommends%20mothers%20worldwide%20to,of%20two%20years%20or%20beyond
https://doi.org/10.1016/S0140-6736(15)01024-7
https://www.ncbi.nlm.nih.gov/pubmed/26869575
https://www.epicentro.iss.it/sorveglianza02anni/indagine-2022-allattamento
https://www.epicentro.iss.it/sorveglianza02anni/indagine-2022-allattamento
https://doi.org/10.3390/ijerph14121491
https://doi.org/10.1111/apa.13133
https://doi.org/10.1542/peds.2018-1092
https://doi.org/10.1016/j.ajcnut.2022.10.021
https://doi.org/10.1089/chi.2021.0138

Nutrients 2025, 17, 660 31 of 33

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Guo, M.M,; Zhang, K.; Zhang, ].H. Human Breast Milk-Derived Exosomal miR-148a-3p Protects Against Necrotizing Enterocolitis
by Regulating p53 and Sirtuin 1. Inflammation 2022, 45, 1254-1268. [CrossRef] [PubMed]

Ip, S.; Chung, M.; Raman, G.; Trikalinos, T.A.; Lau, J. A summary of the Agency for Healthcare Research and Quality’s evidence
report on breastfeeding in developed countries. Breastfeed. Med. Off. ]. Acad. Breastfeed. Med. 2009, 4 (Suppl. S1), S17-S30.
[CrossRef] [PubMed]

Martin, R.M.; Ness, A.R.; Gunnell, D.; Emmett, P.; Davey Smith, G. ALSPAC Study Team Does breast-feeding in infancy lower
blood pressure in childhood? The Avon Longitudinal Study of Parents and Children (ALSPAC). Circulation 2004, 109, 1259-1266.
[CrossRef]

Martin, R M.; Gunnell, D.; Smith, G.D. Breastfeeding in infancy and blood pressure in later life: Systematic review and meta-
analysis. Am. ]. Epidemiol. 2005, 161, 15-26. [CrossRef]

Verduci, E.; Banderali, G.; Barberi, S.; Radaelli, G.; Lops, A.; Betti, F,; Riva, E.; Giovannini, M. Epigenetic effects of human breast
milk. Nutrients 2014, 6, 1711-1724. [CrossRef]

Carr, L.E,; Virmani, M.D.; Rosa, F.; Munblit, D.; Matazel, K.S.; Elolimy, A.A.; Yeruva, L. Role of Human Milk Bioactives on Infants’
Gut and Immune Health. Front. Immunol. 2021, 12, 604080. [CrossRef]

Weber, J.A.; Baxter, D.H.; Zhang, S.; Huang, D.Y.; Huang, K.H.; Lee, M.].; Galas, D.]J.; Wang, K. The microRNA spectrum in 12
body fluids. Clin. Chem. 2010, 56, 1733-1741. [CrossRef]

Abbas, M.A.; Al-Saigh, N.N.; Saqallah, E.G. Regulation of adipogenesis by exosomal milk miRNA. Rev. Endocr. Metab. Disord.
2023, 24, 297-316. [CrossRef]

Smyczynska, U.; Bartlomiejczyk, M. A.; Stanczak, M.M.; Sztromwaser, P.; Wesolowska, A.; Barbarska, O.; Pawlikowska, E.; Fendler,
W. Impact of processing method on donated human breast milk microRNA content. PLoS ONE 2020, 15, e0236126. [CrossRef]
Chiba, T.; Takaguri, A.; Kooka, A.; Kowatari, K.; Yoshizawa, M.; Fukushi, Y.; Hongo, F,; Sato, H.; Fujisawa, M.; Wada, S.; et al.
Suppression of milk-derived miR-148a caused by stress plays a role in the decrease in intestinal ZO-1 expression in infants. Clin.
Nutr. 2022, 41, 2691-2698. [CrossRef]

Golan-Gerstl, R.; Elbaum Shiff, Y.; Moshayoff, V.; Schecter, D.; Leshkowitz, D.; Reif, S. Characterization and biological function of
milk-derived miRNAs. Mol. Nutr. Food Res. 2017, 61, 201700009. [CrossRef] [PubMed]

TargetScanHumanRelease8.0. Available online: https://www.targetscan.org/cgi-bin/targetscan/vert_80/targetscan.cgi?
species=Human&gid=DNMT3a&mir_sc=&mir_c=&mir_nc=&mir_vnc=&mirg= (accessed on 25 November 2024).

Zheng, M.; D’'Souza, N.J.; Atkins, L.; Ghobadi, S.; Laws, R.; Szymlek-Gay, E.A.; Grimes, C.; Baker, P.; He, Q.Q.; Campbell, K.J.
Breastfeeding and the Longitudinal Changes of Body Mas Index in Childhood and Adulthood: A Systematic Review. Adv. Nutr.
2024, 15, 100152. [CrossRef] [PubMed]

Yelverton, C.A.; Geraghty, A.A.; O’'Brien, E.C,; Killeen, S.L.; Horan, M.K,; Donnelly, ].M.; Larkin, E.; Mehegan, J.; McAuliffe, EM.
Breastfeeding and maternal eating behaviours are asociated with child eating behaviours: Findings from the ROLO Kids Study.
Eur. J. Clin. Nutr. 2021, 75, 670-679. [CrossRef] [PubMed]

Woo, ].G.; Guerrero, M.L.; Altaye, M.; Ruiz-Palacios, G.M.; Martin, L.J.; Dubert-Ferrandon, A.; Newburg, D.S.; Morrow, A.L.
Human milk adiponectin is asociated with infant growth in two independent cohorts. Breastfeed. Med. Off. ]. Acad. Breastfeed. Med.
2009, 4, 101-109. [CrossRef]

Wijnands, K.P.; Obermann-Borst, S.A.; Steegers-Theunissen, R.P. Early life lipid profile and metabolic programming in very
young children. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 608—614. [CrossRef]

Sherwood, W.B.; Kothalawala, D.M.; Kadalayil, L.; Ewart, S.; Zhang, H.; Karmaus, W.; Arshad, S.H.; Holloway, ].W.; Rezwan, ELL
Epigenome-Wide Association Study Reveals Duration of Breastfeeding Is Associated with Epigenetic Differences in Children. Int.
J. Environ. Res. Public Health 2020, 17, 3569. [CrossRef]

Sherwood, W.B.; Bion, V.; Lockett, G.A.; Ziyab, A.H.; Soto-Ramirez, N.; Mukherjee, N.; Kurukulaaratchy, R.J.; Ewart, S.; Zhang,
H.; Arshad, S.H.; et al. Duration of breastfeeding is asociated with leptin (LEP) DNA methylation profiles and BMI in 10-year-old
children. Clin. Epigenetics 2019, 11, 128. [CrossRef]

Loos, RJ.; Yeo, G.S. The bigger picture of FTO: The first GWAS-identified obesity gene. Nature reviews. Endocrinology 2014, 10,
51-61. [CrossRef]

Cheshmeh, S.; Nachvak, S.M.; Rezvani, N.; Saber, A. Effects of Breastfeeding and Formula Feeding on the Expression Level of
FTO, CPT1A and PPAR-« Genes in Healthy Infants. Diabetes Metab. Syndr. Obes. Targets Ther. 2020, 13, 2227-2237. [CrossRef]
West, N.R; Dorling, J.; Thackray, A.E.; Hanson, N.C.; Decombel, S.E.; Stensel, D.J.; Grice, S.]J. Effect of Obesity-Linked FTO
rs9939609 Variant on Physical Activity and Dietary Patterns in Physically Active Men and Women. J. Obes. 2018, 2018, 7560707.
[CrossRef]

Abdelmajed, S.S.; Youssef, M.; Zaki, M.E.; Abu-Mandil Hasan, N.; Ismail, S. Association analysis of FTO gene polymorphisms
and obesity risk among Egyptian children and adolescents. Genes Dis. 2017, 4, 170-175. [CrossRef]

Kanders, S.H.; Nilsson, K.W.; Aslund, C. Breastfeeding moderates the relationship between fat mas and obesity-asociated gene
rs9939609 and body mas index among adolescents. Obes. Sci. Pract. 2021, 8, 66-76. [CrossRef] [PubMed]


https://doi.org/10.1007/s10753-021-01618-5
https://www.ncbi.nlm.nih.gov/pubmed/35091894
https://doi.org/10.1089/bfm.2009.0050
https://www.ncbi.nlm.nih.gov/pubmed/19827919
https://doi.org/10.1161/01.CIR.0000118468.76447.CE
https://doi.org/10.1093/aje/kwh338
https://doi.org/10.3390/nu6041711
https://doi.org/10.3389/fimmu.2021.604080
https://doi.org/10.1373/clinchem.2010.147405
https://doi.org/10.1007/s11154-023-09788-3
https://doi.org/10.1371/journal.pone.0236126
https://doi.org/10.1016/j.clnu.2022.10.004
https://doi.org/10.1002/mnfr.201700009
https://www.ncbi.nlm.nih.gov/pubmed/28643865
https://www.targetscan.org/cgi-bin/targetscan/vert_80/targetscan.cgi?species=Human&gid=DNMT3a&mir_sc=&mir_c=&mir_nc=&mir_vnc=&mirg=
https://www.targetscan.org/cgi-bin/targetscan/vert_80/targetscan.cgi?species=Human&gid=DNMT3a&mir_sc=&mir_c=&mir_nc=&mir_vnc=&mirg=
https://doi.org/10.1016/j.advnut.2023.100152
https://www.ncbi.nlm.nih.gov/pubmed/37977327
https://doi.org/10.1038/s41430-020-00764-7
https://www.ncbi.nlm.nih.gov/pubmed/32999419
https://doi.org/10.1089/bfm.2008.0137
https://doi.org/10.1016/j.numecd.2015.02.010
https://doi.org/10.3390/ijerph17103569
https://doi.org/10.1186/s13148-019-0727-9
https://doi.org/10.1038/nrendo.2013.227
https://doi.org/10.2147/DMSO.S252122
https://doi.org/10.1155/2018/7560707
https://doi.org/10.1016/j.gendis.2017.06.002
https://doi.org/10.1002/osp4.546
https://www.ncbi.nlm.nih.gov/pubmed/35127123

Nutrients 2025, 17, 660 32 of 33

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.
144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Wu, Y.Y; Lye, S.; Briollais, L. The role of early life growth development, the FTO gene and exclusive breastfeeding on child BMI
trajectories. Int. ]. Epidemiol. 2017, 46, 1512-1522. [CrossRef] [PubMed]

Dedoussis, G.V.; Yannakoulia, M.; Timpson, N.J.; Manios, Y.; Kanoni, S.; Scott, R.A.; Papoutsakis, C.; Deloukas, P.; Pitsiladis, Y.P;
Davey-Smith, G.; et al. Does a short breastfeeding period protect from FTO-induced adiposity in children? Int. ]. Pediatr. Obes.
IJPO Off. J. Int. Assoc. Study Obes. 2011, 6, e326—e335. [CrossRef]

Pauwels, S.; Symons, L.; Vanautgaerden, E.L.; Ghosh, M.; Duca, R.C.; Bekaert, B.; Freson, K.; Huybrechts, I.; Langie, S.A.S.;
Koppen, G.; et al. The Influence of the Duration of Breastfeeding on the Infant’s Metabolic Epigenome. Nutrients 2019, 11, 1408.
[CrossRef]

Verier, C.; Meirhaeghe, A.; Bokor, S.; Breidenasel, C.; Manios, Y.; Molndr, D.; Artero, E.G.; Nova, E.; De Henauw, S.; Moreno, L.A ;
et al. Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) Study Group Breast-feeding modulates the influence
of the peroxisome proliferator-activated receptor-gamma (PPARG2) Prol2Ala polymorphism on adiposity in adolescents: The
Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) cross-sectional study. Diabetes Care 2010, 33, 190-196.
[CrossRef]

Brown, A.; Lee, M. Breastfeeding during the first year promotes satiety responsiveness in children aged 18-24 months. Pediatr.
Obes. 2012, 7, 382-390. [CrossRef]

Oostingh, E.C.; Steegers-Theunissen, R.P.; de Vries, ].H.; Laven, ].S.; Koster, M.P. Strong adherence to a healthy dietary pattern is
asociated with better semen quality, especially in men with poor semen quality. Fertil. Steril. 2017, 107, 916-923.e2. [CrossRef]
Ventura, A.K,; Pollack Golen, R. A pilot study comparing opaque, weighted bottles with conventional, clear bottles for infant
feeding. Appetite 2015, 85, 178-184. [CrossRef]

Kim, K.N.; Shin, M.K. Feeding characteristics in infancy affect fruit and vegetable consumption and dietary variety in early
childhood. Nutr. Res. Pract. 2023, 17, 307-315. [CrossRef]

Specht, 1.O.; Rohde, ].E,; Olsen, N.J.; Heitmann, B.L. Duration of exclusive breastfeeding may be related to eating behaviour and
dietary intake in obesity prone normal weight young children. PLoS ONE 2018, 13, e0200388. [CrossRef] [PubMed]

Ventura, A K. Does Breastfeeding Shape Food Preferences? Links to Obesity. Ann. Nutr. Metab. 2017, 70 (Suppl. S3), 8-15.
[CrossRef] [PubMed]

Nicklaus, S. The Role of Dietary Experience in the Development of Eating Behavior during the First Years of Life. Ann. Nutr.
Metab. 2017, 70, 241-245. [CrossRef] [PubMed]

Menrella, J.A.; Jagnow, C.P.,; Beauchamp, G.K. Prenatal and postnatal flavor learning by human infants. Pediatrics 2001, 107, E88.
[CrossRef]

Olejniczak, I; Pilorz, V.; Oster, H. Circle(s) of Life: The Circadian Clock from Birth to Death. Biology 2023, 12, 383. [CrossRef]
Sanchez, C.L.; Cubero, ]J.; Sanchez, J.; Franco, L.; Rodriguez, A.B.; Rivero, M.; Barriga, C. Evolution of the circadian profile of
human milk amino acids during breastfeeding. J. Appl. Biomed. 2013, 11, 59-70. [CrossRef]

Cubero, J.; Valero, V.; Sanchez, J.; Rivero, M.; Parvez, H.; Rodriguez, A.B.; Barriga, C. The circadian rhythm of tryptophan in
breast milk affects the rhythms of 6-sulfatoxymelatonin and sleep in newborn. Neuro Endocrinol. Lett. 2005, 26, 657-661.
Lodemore, M.R,; Petersen, S.A.; Wailoo, M.P. Factors affecting the development of night time temperature rhythms. Arch. Dis.
Child. 1992, 67, 1259-1261. [CrossRef]

Lyons, K.E.; Ryan, C.A.; Dempsey, E.M.; Ross, R.P.; Stanton, C. Breast Milk, a Source of Beneficial Microbes and Associated
Benefits for Infant Health. Nutrients 2020, 12, 1039. [CrossRef]

Ma, J.; Li, Z.; Zhang, W.; Zhang, C.; Zhang, Y.; Mei, H.; Zhuo, N.; Wang, H.; Wang, L.; Wu, D. Comparison of gut microbiota in
exclusively breast-fed and formula-fed babies: A study of 91 term infants. Sci. Rep. 2020, 10, 15792. [CrossRef]

Odiase, E.; Frank, D.N.; Young, B.E.; Robertson, C.E.; Kofonow, ].M.; Davis, K.N.; Berman, L.M.; Krebs, N.F,; Tang, M. The Gut
Microbiota Differ in Exclusively Breastfed and Formula-Fed United States Infants and are Associated with Growth Status. J. Nutr.
2023, 153, 2612-2621. [CrossRef] [PubMed]

Notarbartolo, V.; Giuffre, M.; Montante, C.; Corsello, G.; Carta, M. Composition of Human Breast Milk Microbiota and Its Role in
Children’s Health. Pediatr. Gastroenterol. Hepatol. Nutr. 2022, 25, 194-210. [CrossRef] [PubMed]

Isganaitis, E.; Venditti, S.; Matthews, T.].; Lerin, C.; Demerath, E.W.; Fields, D.A. Maternal obesity and the human milk metabolome:
Asociations with infant body composition and postnatal weight gain. Am. J. Clin. Nutr. 2019, 110, 111-120. [CrossRef]

Rzehak, P.; Oddy, W.H.; Mearin, M.L.; Grote, V.; Mori, T.A.; Szajewska, H.; Shamir, R.; Koletzko, S.; Weber, M.; Beilin, L.].; et al.
WP10 working group of the Early Nutrition Project Infant feeding and growth trajectory patterns in childhood and body
composition in young adulthood. Am. J. Clin. Nutr. 2017, 106, 568-580. [CrossRef]

Snyder, K.; Pelster, A K.; Dinkel, D. Healthy eating and physical activity among breastfeeding women: The role of misinformation.
BMC Pregnancy Childbirth 2020, 20, 470. [CrossRef]

Murray-Davis, B.; Grenier, L.; Atkinson, S.A.; Mottola, M.F.; Wahoush, O.; Thabane, L.; Xie, F.; Vickers-Manzin, ].; Moore, C.;
Hutton, E.K. Experiences regarding nutrition and exercise among women during early postpartum: A qualitative grounded
theory study. BMC Pregnancy Childbirth 2019, 19, 368. [CrossRef]


https://doi.org/10.1093/ije/dyx081
https://www.ncbi.nlm.nih.gov/pubmed/29040503
https://doi.org/10.3109/17477166.2010.490269
https://doi.org/10.3390/nu11061408
https://doi.org/10.2337/dc09-1459
https://doi.org/10.1111/j.2047-6310.2012.00071.x
https://doi.org/10.1016/j.fertnstert.2017.02.103
https://doi.org/10.1016/j.appet.2014.11.028
https://doi.org/10.4162/nrp.2023.17.2.307
https://doi.org/10.1371/journal.pone.0200388
https://www.ncbi.nlm.nih.gov/pubmed/29995949
https://doi.org/10.1159/000478757
https://www.ncbi.nlm.nih.gov/pubmed/28903109
https://doi.org/10.1159/000465532
https://www.ncbi.nlm.nih.gov/pubmed/28301856
https://doi.org/10.1542/peds.107.6.e88
https://doi.org/10.3390/biology12030383
https://doi.org/10.2478/v10136-012-0020-0
https://doi.org/10.1136/adc.67.10.1259
https://doi.org/10.3390/nu12041039
https://doi.org/10.1038/s41598-020-72635-x
https://doi.org/10.1016/j.tjnut.2023.07.009
https://www.ncbi.nlm.nih.gov/pubmed/37506974
https://doi.org/10.5223/pghn.2022.25.3.194
https://www.ncbi.nlm.nih.gov/pubmed/35611376
https://doi.org/10.1093/ajcn/nqy334
https://doi.org/10.3945/ajcn.116.140962
https://doi.org/10.1186/s12884-020-03153-x
https://doi.org/10.1186/s12884-019-2508-z

Nutrients 2025, 17, 660 33 of 33

155.

156.

157.

158.

159.

160.

161.

162.

163.

Evenson, K.R.; Brown, W.J.; Brinson, A.K.; Budzynski-Seymour, E.; Hayman, M. A review of public health guidelines for
postpartum physical activity and sedentary behavior from around the world. J. Sport Health Sci. 2024, 13, 472-483. [CrossRef]
Hanley, S.J.; Sibbick, E.; Varley, I.; Sale, C.; Elliott-Sale, K.J. Exercise interventions for weight management during pregnancy and
up to 1 year postpartum among normal weight women and women with overweight and obesity: An updated systematic review.
Obes. Sci. Pract. 2022, 8, 531-544. [CrossRef]

Hawkins, M.; Chasan-Taber, L.; Marcus, B.; Stanek, E.; Braun, B.; Ciccolo, ].; Markenson, G. Impact of an exercise intervention
on physical activity during pregnancy: The behaviors affecting baby and you study. Am. ]. Public Health 2014, 104, e74—e81.
[CrossRef]

Lewis, B.A.; Schuver, K; Dunsiger, S.; Samson, L.; Frayeh, A.L.; Terrell, C.A.; Ciccolo, ].T.; Fischer, J.; Avery, M.D. Randomized
trial examining the effect of exercise and wellness interventions on preventing postpartum depression and perceived stress. BMC
Pregnancy Childbirth 2021, 21, 785. [CrossRef]

Peralta, L.R.; Cotton, W.G.; Dudley, D.A.; Hardy, L.L.; Yager, Z.; Prichard, I. Group-based physical activity interventions for
postpartum women with children aged 0-5 years old: A systematic review of randomized controlled trials. BMC Women's Health
2021, 21, 435. [CrossRef]

Polster, M.; Olscamp, K.; Barnett, E.Y.; Oziel, R.; Fisher, D.G.; Dawson, ].M.; Bevington, F. Promoting Physical Activity During
Pregnancy and the Postpartum Period. ]. Midwifery Women’s Health 2023, 68, 596-603. [CrossRef] [PubMed]

Ryan, R.A.; Lappen, H.; Bihuniak, J.D. Barriers and Facilitators to Healthy Eating and Physical Activity Postpartum: A Qualitative
Systematic Review. |. Acad. Nutr. Diet. 2022, 122, 602-613.e2. [CrossRef] [PubMed]

Koleilat, M.; Vargas, N.; vanTwist, V.; Kodjebacheva, G.D. Perceived barriers to and suggested interventions for physical activity
during pregnancy among participants of the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) in
Southern California. BMC Pregnancy Childbirth 2021, 21, 69. [CrossRef] [PubMed]

Grenier, L.N.; Atkinson, S.A.; Mottola, M.E.; Wahoush, O.; Thabane, L.; Xie, F.; Vickers-Manzin, J.; Moore, C.; Hutton, EK.;
Murray-Davis, B. Be Healthy in Pregnancy: Exploring factors that impact pregnant women’s nutrition and exercise behaviours.
Matern. Child Nutr. 2021, 17, €13068. [CrossRef] [PubMed]

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/10.1016/j.jshs.2023.12.004
https://doi.org/10.1002/osp4.597
https://doi.org/10.2105/AJPH.2014.302072
https://doi.org/10.1186/s12884-021-04257-8
https://doi.org/10.1186/s12905-021-01581-1
https://doi.org/10.1111/jmwh.13513
https://www.ncbi.nlm.nih.gov/pubmed/37288762
https://doi.org/10.1016/j.jand.2021.11.015
https://www.ncbi.nlm.nih.gov/pubmed/34839027
https://doi.org/10.1186/s12884-021-03553-7
https://www.ncbi.nlm.nih.gov/pubmed/33478407
https://doi.org/10.1111/mcn.13068
https://www.ncbi.nlm.nih.gov/pubmed/32705811

	Introduction 
	Methods 
	Maternal Exercise During Perinatal Period 
	Exercise Recommendations Based on Gestational Period 
	Effects of Exercise on Molecular and Epigenetic Mechanisms Related to Maternal Exercise 

	Impact of Maternal Exercise During Pregnancy on Weight Growth 
	Effects of Maternal Physical Activity During Pregnancy on Birthweight 
	Effects of Maternal Physical Activity During Pregnancy on Children’s BMI 

	Impact of Maternal Exercise During Breastfeeding on Childhood Obesity 
	Effect of Physical Activity on Breastmilk 
	Association Between Breastfeeding and Childhood Obesity 

	Physical Intervention Strategies During Pregnancy and Breastfeeding 
	Tailoring Physical Activity Interventions 
	Challenges in Physical Activity Interventions 

	Limits 
	Conclusions 
	References

