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Abstract: Introduction: Pre-pregnancy obesity is a significant public health concern with profound
implications for maternal and child health. The burgeoning evidence suggests that maternal obesity
prior to conception is intricately linked with an increased risk of gestational complications, as well as
with adverse neonatal outcomes. Furthermore, the long and short-term health of offspring, including
the risk of early motor development impairment, obesity, and metabolic syndrome in childhood
and adulthood, may be adversely affected as well. Addressing pre-pregnancy obesity is critical for
improving overall maternal and child health outcomes, and therefore, the aim of this study was to
evaluate the connections linking pre-pregnancy obesity with infants’ motor development within the
first twelve months of infants’ lives. Material and Methods: This study included 200 mother–infant
pairs divided into two groups based on their pre-pregnancy body mass index values. To assess
infants’ early motor development, we used the Alberta Infant Motor Scale (AIMS) and evaluated
the parameters of infants’ early motor development at the ages of three, six, nine, and twelve
months. Results: Pre-pregnancy overweight/obesity was significantly associated with excessive
gestational weight gain (p < 0.001), fetal macrosomia (p = 0.022), and a family history of diabetes and
cardiovascular diseases (p = 0.048 and p = 0.041, respectively), as well as with all observed parameters
of early motor development at the ages of three, six, nine, and twelve months: AIMS 3 months total
(p < 0.001), AIMS 6 months total (p < 0.001), AIMS 9 months total (p < 0.001), and AIMS 12 months total
(p < 0.001). Furthermore, pre-pregnancy overweight/obesity was a significant predictor for AIMS
6 months total (p = 0.043) and AIMS 6 months supination (p = 0.017). Conclusions: Pre-pregnancy
obesity is a critical determinant of pregnancy outcomes and offspring early motor development, with
possible far-reaching implications for children’s long-term well-being. Addressing this issue requires
a comprehensive approach that includes preconception weight management, targeted interventions
during the pregnancy and postpartum periods, and ongoing research to better understand the
underlying mechanisms and develop effective strategies for prevention and management.

Keywords: pre-pregnancy obesity; offspring; early motor development; complications

1. Introduction

The exponential growth rate of overweight and obesity over the past few decades has
reached epidemic proportions globally, with a significant percentage of women of child-
bearing age being affected. The reproductive consequences of obesity are numerous, from
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menstrual cycle disorders and fertility difficulties to potentially life threatening conditions
associated with pregnancy and the postpartum period [1]. Pre-pregnancy obesity is a sig-
nificant public health concern with profound implications for maternal and child health [2].
Burgeoning evidence suggests that maternal obesity prior to conception is intricately linked
with an increased risk of gestational complications, as well as with complications extending
far beyond pregnancy, affecting the life-long health of the offspring [3]. Pregnant women
dealing with overweight and obesity are at an increased risk of early pregnancy losses,
congenital malformations, the delivery of macrosomic infants, shoulder dystocia, stillbirths,
spontaneous or medically induced preterm deliveries, as well as with all prematurity
related complications and consequences [4]. Hypertensive disorder of pregnancy (HDP),
one of the leading causes of maternal mortality in developed countries, is closely associated
with maternal obesity. HDP may lead to severe maternal morbidity, including peripartum
heart attack and stroke, and it carries a risk of early cardiovascular disease onset and a
life-long risk of metabolic, cerebral, and renal diseases [5,6].

The underlying mechanisms linking pre-pregnancy obesity to adverse outcomes
are complex and multifaceted. Insulin resistance, altered nutrient supply, chronic low-
grade inflammation, and hormonal imbalances are the key factors that contribute to the
development of gestational complications, and exposure to an obesogenic intrauterine
environment may predispose offspring to metabolic disorders, immune dysregulation, and
altered neurodevelopment [2,3,7]. The Barker Hypothesis, or the Developmental Origins
of Health and Disease (DOHaD) theory, supports this, suggesting that the intrauterine
environment can have long-lasting effects on gene expression and health outcomes [8].
Heritable changes in gene expression that occur without alterations in the deoxyribonucleic
acid (DNA) sequence itself are in the essence of epigenetics, and such changes may be
induced by environmental factors, including maternal obesity and excessive body fat
accumulation. Furthermore, exposure to maternal obesity can affect the development of
neural circuits in the fetus that regulate appetite and energy balance, predisposing the
offspring to obesity and related disorders [9].

During the first year of life, infants experience rapid growth and development, espe-
cially in their gross motor skills. Gross motor development refers to the progression of
physical abilities in infants and children, such as gaining head control, rolling over, sitting,
crawling, standing, and later, walking and running. These skills require the involvement of
the large muscles of the body, and there is growing academic interest in understanding how
various factors, including maternal obesity, might influence infants’ motor development.
Gross motor development typically follows predictable sequences and patterns, though the
exact timing can vary from one infant to another, and each milestone reflects an infant’s
increasing muscle strength, coordination, and neural development [10].

Maternal obesity can influence infants’ motor development in several different ways,
potentially leading to delays or alterations in achieving early motor milestones. Recent
research findings suggest that children born to mothers who are overweight or obese may
be at an increased risk of delayed gross motor development [9,11,12]. The mechanisms
and reasons for these influences are multifaceted and can include a combination of genetic,
environmental, and intrauterine factors. Aside from pregnancy-related complications
and an altered intrauterine environment, maternal obesity may be closely related to a
higher incidence of difficult deliveries and birth complications, which may temporarily
or permanently impair an infant’s motor function. The postnatal environment, including
parenting practices, physical activity levels, and socioeconomic status, can also influence
motor development. Infants of mothers with obesity may have different experiences in
these areas, which can impact their motor skill development. For instance, if maternal
obesity limits a mother’s physical activity level, the infant may have fewer opportunities for
active play, which is crucial for developing motor skills. As previously discussed, genetic
predispositions remain another important concern, since epigenetic modifications resulting
from maternal obesity may influence the neurodevelopment of the child, including the
performance of their motor skills [9,11–15].
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Measuring infants’ early motor development involves assessing their progress in
acquiring motor skills, which are critical indicators of their overall health and development.
There are several standardized tools and observational methods used by pediatricians,
researchers, and therapists to evaluate motor development in infants. These assessments
can help identify potential delays or difficulties early on, allowing for timely interventions.
The Bayley Scales of Infant and Toddler Development, Ages and Stages Questionnaires,
Denver Developmental Screening Test, Peabody Developmental Motor Scales, and Alberta
Infant Motor Scale are some of the most frequently used assessment tools to quantify infants’
early motor progression [16]. The Alberta Infant Motor Scale (AIMS) is an observational
assessment specifically designed to evaluate the gross motor maturation of infants from
birth until the independent walking stage. It observes spontaneous movements in four
positions, namely prone (on the stomach), supine (on the back), sitting, and standing, and it
helps in identifying infants who are delayed in their gross motor development. The AIMS
was validated in Serbian infants with high consistency, reliability, and temporal stability [17].
All of these assessment tools were designed to be used by trained professionals and require
interpretation within the context of each child’s overall development and environmental
factors. The early identification of motor development issues is extremely important as it
can lead to early intervention services, which are critical for improving outcomes among
children who are born at risk for early motor impairment.

The increasing prevalence of pre-pregnancy obesity underscores the urgent need to
understand its impact and develop effective strategies to mitigate its effects. Year after
year, unstoppable growth in the prevalence of children born to mothers with obesity is
observed, with a possibility of the onset of a whole new spectrum of concerns and disorders
that might affect infants’ neurodevelopment and lead to consequences for the offspring.
Therefore, the aim of our study was to address pre-pregnancy obesity and its short-term
effect on infants’ early motor development during the first twelve months of infants’ lives.

2. Methods
2.1. Study Design and Participants

This study took place in the university hospital named after “Dr. Dragisa Misovic” in
Belgrade, Serbia. Participants were randomly selected from the computer database at the
obstetric ward of the hospital where delivery was performed based on maternal weight.
Every 5th woman admitted to the hospital for delivery was selected up to the number 200.

The selection of participants lasted between 2019 and 2020. Two hundred “mother–
infant” pairs were included, and the study was conducted as a clinical observational
study. Principles of the Declaration of Helsinki and good clinical practice were applied,
and approval was obtained from the hospital’s Institutional Review Board (IRB) (No.
01-14706/19, Date: 22 November 2019).

Study participants were divided into two groups based on their body mass index
(BMI) values and the World Health Organization’s (WHO) recommendations. The study
group consisted of 88 subjects whose pre-pregnacy weights were beyond the reference
range for normal weight according to the WHO’s recommendations, and the control group
was composed of 112 subjects whose BMI values were within the WHO range for normal
weight. All participants were advised to take 400 micrograms of folic acid during the first
twelve weeks of pregnancy as well as pregnancy supplements. Additional nutritional
counselling was not provided, and the gestations were carried out with their former habits
from the pre-pregnancy period.

According to the BMI values, calculated as weight in kilograms divided by height in
meters squared (kg/m2), and the WHO recommendations, four nutritional statuses were de-
fined: underweight (BMI < 18.5 kg/m2), normal weight (BMI between 18.5 and 24.9 kg/m2),
overweight (BMI between 25.0 and 29.9 kg/m2), and obese (BMI > 30.0 kg/m2) [18].
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2.2. Study Exclusion Criteria

Maternal age less than 18 and more than 45 at the time of conception, multiple
pregnancies, and chronic health disorders were defined as exclusion criteria. Fetal and
newborn malformations or defects, the presence of stigmata during the examination of
neonates (dyscrania, hypertrichosis, asymmetry of the gluteal furrow, and fovea spinalis),
hydrocephalus, atrhrogryposis, open spinal dysraphism, congenital rigid equinovarus, and
aplasia of the bones of the lower and upper extremities were the exclusion criteria for the
follow-up of the newborns from the study.

2.3. Study Variables

Data on family history of diabetes mellitus (DM) and cardiovascular disease (CVD)
were collected from patients’ primary health reports. Gestational weight gain was cal-
culated as the mathematical difference between participants’ weights before conception
and weight at delivery and classified as excessive based on the Institute of Medicine’s
(IOM) recommendations. Weight gain beyond 18.0 kg for underweight, 16.0 kg for normal
weight, 11.5 kg for overweight, and 9.0 kg for obesity were defined as excessive according
to the IOM guidelines [19]. Birth weight over 4000 g was diagnostic criterion for fetal
macrosomia [20].

The Alberta Infant Motor Scale (AIMS) was used to asses infants’ early motor de-
velopment. This scale consists of 58 domains, including pronation (21), supination (9),
sitting (12), and standing (16), and it is a non-referenced measure with high specificity
and sensitivity [11]. A trained assistant physician under the supervision of a specialist in
physical medicine and rehabilitation performed all AIMS measurements.

2.4. Statistical Analysis

The Statistical Package for Social Science (SPSS Statistics V.22.0) was used for all of the
data analyses. Comparisons between the examined patient groups were performed using
the Mann–Whitney U test for continuous variables and the chi-squared test for categorical
variables. Univariate and multivariable binary logistic regression methods were used to
analyze the association between observed parameters and pre-pregnancy overnutrition.
Differences were considered significant when the p value was <0.05.

3. Results

The patients with increased BMI values had significantly more frequent EGWG
(p < 0.001), a positive family history of CVD (p = 0.014), a positive family history of DM
(p = 0.042), and fetal macrosomia (p = 0.007) (Table 1). The newborns from mothers with
increased BMI values had significantly lower values for AIMS at 3 months for pronation
and supination and in total (p < 0.001). Regarding the age of 6 months, the AIMS values
were significantly lower in the newborns from mothers with increased BMI values for
pronation and supination (p < 0.001), sitting (p = 0.021), and in total (p < 0.001). At the age
of 9 months, significantly lower AIMS values were noticed for pronation, sitting, standing,
and in total (p < 0.001), as well for supination (p = 0.002). Regarding the age of 12 months,
the AIMS values were significantly lower in the newborns from mothers with increased
BMI values for sitting (p = 0.019), for standing, and in total (p < 0.001) (Table 1).

In the univariate logistic regression analysis, pre-pregnancy overweight/obesity was
a significant risk factor for excessive gestational weight gain (p < 0.001), fetal macrosomia
(p = 0.022), a family history of cardiovascular disease and diabetes mellitus (p = 0.041
and p = 0.048, respectively), AIMS pronation at 3 months (p < 0.001), AIMS supination at
3 months (p < 0.001), AIMS total score at 3 months (p < 0.001), AIMS pronation at 6 months
(p < 0.001), AIMS supination at 6 months (p < 0.001), AIMS sitting at 6 months (p = 0.028),
AIMS total score at 6 months (p < 0.001), AIMS pronation at 9 months (p < 0.001), AIMS
supination at 9 months (p < 0.001), AIMS sitting at 9 months (p < 0.001), AIMS standing at
9 months (p < 0.001), AIMS total score at 9 months (p < 0.001), AIMS pronation at 12 months
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(p = 0.004), AIMS sitting at 12 months (p < 0.001), AIMS standing at 12 months (p < 0.001),
and AIMS total score at 12 months (p < 0.001) (Table 2).

In the multivariate logistic regression analysis, pre-pregnancy overweight/obesity was
a significant risk factor for excessive gestational weight gain (p < 0.001), AIMS supination
at 6 months (p = 0.017), and the AIMS total score at 6 months (p = 0.043) (Table 3).

Table 1. Characteristics of tested variables with regard to maternal pre-pregnancy weight status.

Variables
Maternal Pre-Pregnancy Weight Status

N = 200 p

Normal Weight Overweight/Obese

EGWG N (%)
No 100 (89.3%) 13 (14.8%)

<0.001 *
Yes 12 (10.7%) 75 (85.2%)

Family history of
CVD N (%)

No 96 (85.7%) 63 (71.6%)
0.014 *

Yes 16 (14.3%) 25 (28.4%)

Family history of
DM N (%)

No 106 (94.6%) 76 (86.4%)
0.042 *

Yes 6 (5.4%) 12 (13.6%)

Fetal macrosomia N (%)
No 101 (90.2%) 67 (76.1%)

0.007 *
Yes 11 (9.8%) 21 (23.9%)

AIMS score

AIMS 3 months
(MV ± SD)

Pronation 2.72 ± 0.47 2.42 ± 0.60 <0.001 **

Supination 2.84 ± 0.37 2.42 ± 0.62 <0.001 **

Total 5.57 ± 0.72 4.84 ± 1.02 <0.001 **

AIMS 6 months
(MV ± SD)

Pronation 15.72 ± 0.47 15.34 ± 0.68 <0.001 **

Supination 8.77 ± 0.50 8.25 ± 0.87 <0.001 **

Sitting 6.78 ± 0.64 6.58 ± 0.83 0.021 **

Standing 1.97 ± 0.34 1.90 ± 0.34 0.125 **

Total 33.24 ± 1.54 32.07 ± 2.07 <0.001 **

AIMS 9 months
(MV ± SD)

Pronation 19.37 ± 0.68 18.93 ± 0.76 <0.001 **

Supination 8.97 ± 0.16 8.85 ± 0.36 0.002 **

Sitting 10.21 ± 0.85 9.58 ± 0.99 <0.001 **

Standing 4.43 ± 0.65 3.94 ± 0.75 <0.001 **

Total 42.97 ± 2.00 41.31 ± 2.41 <0.001 **

AIMS 12 months
(MV ± SD)

Pronation 21.00 ± 0.00 20.99 ± 0.11 0.259 **

Supination 9.00 ± 0.00 9.00 ± 0.00 1.000 **

Sitting 11.96 ± 0.21 11.83 ± 0.46 0.019 **

Standing 15.67 ± 0.62 15.20 ± 0.79 <0.001 **

Total 57.63 ± 0.75 57.02 ± 1.11 <0.001 **
EGWG—excessive gestational weight gain; CVD—cardiovascular disease; DM—diabetes mellitus; AIMS—Alberta
Infant Motor Scale. * Chi-squared test; ** Mann–Whitney U test.
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Table 2. Univariate logistic regression analysis of tested variables regarding pre-pregnancy over-
weight/obesity and normal weight.

Variables
Univariate Logistic Regression Analysis

(Pre-Pregnancy Overweight/Obesity and Normal Weight)

B 95% CI p

EGWG 5.318 4.544–6.092 <0.001

Fetal macrosomia 1.683 0.249–3.117 0.022

Family history of CVD 1.360 0.055–2.666 0.041

Family history of DM 1.857 0.013–3.700 0.048

AIMS pronation 3 months −1.919 −2.851–(−)0.988 <0.001

AIMS supination 3 months −3.046 −3.946–(−)2.146 <0.001

AIMS total score 3 months −1.698 −2.218–(−)1.178 <0.001

AIMS pronation 6 months −2.179 −3.017–(−)1.342 <0.001

AIMS supination 6 months −1.934 −2.607–(−)1.260 <0.001

AIMS sitting 6 months −0.808 −1.528–(−)0.088 0.028

AIMS standing 6 months −1.093 −2.647–0.461 0.167

AIMS total score 6 months −0.676 −0.943–(−)0.408 <0.001

AIMS pronation 9 months −1.631 −2.309–(−)0.953 <0.001

AIMS supination 9 months −3.860 −5.748–(−)1.972 <0.001

AIMS sitting 9 months −1.517 −2.028–(−)1.005 <0.001

AIMS standing 9 months −1.932 −2.605–(−)1.258 <0.001

AIMS total score 9 months −0.669 −0.877–(−)0.460 <0.001

AIMS pronation 12 months −10.799 −18.199–(−)3.399 0.004

AIMS supination 12 months - - -

AIMS sitting 12 months −2.667 −4.158–(−)1.175 <0.001

AIMS standing 12 months −1.940 −2.613–(−)1.267 <0.001

AIMS total score 12 months −1.509 −2.016–(−)1.002 <0.001
EGWG—Excessive Gestational Weight Gain; CVD—Cardiovascular Disease; DM—Diabetes Mellitus; AIMS—
Alberta Infant Motor Scale; B—Beta Coefficient; CI—Confidence Interval.

Table 3. Multivariate logistic regression analysis of tested variables regarding pre-pregnancy over-
weight/obesity and normal weight.

Variables
Multivariate Logistic Regression Analysis

(Pre-Pregnancy Overweight/Obesity and Normal Weight)

B 95% CI p

EGWG −2.485 −3.170–(−)1.800 <0.001

Fetal macrosomia −0.007 −0.457–0.443 0.974

Family history of CVD 0.173 −0.340–0.686 0.506

Family history of DM −0.673 −1.431–0.084 0.081

AIMS pronation 3 months 1.148 −1.343–3.638 0.364

AIMS supination 3 months 1.485 −0.747–3.717 0.191

AIMS total score 3 months −1.224 −3.360–0.913 0.260

AIMS pronation 6 months −0.266 −1.631–1.100 0.702

AIMS supination 6 months −0.896 −1.631–(−)0.162 0.017

AIMS sitting 6 months −0.462 −1.119–0.195 0.167
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Table 3. Cont.

Variables
Multivariate Logistic Regression Analysis

(Pre-Pregnancy Overweight/Obesity and Normal Weight)

B 95% CI p

AIMS total score 6 months 0.616 0.021–1.212 0.043

AIMS pronation 12 months −0.289 −0.633–0.056 0.100

AIMS supination 9 months 0.036 −0.764–0.836 0.930

AIMS sitting 9 months 0.216 −0.104–0.536 0.185

AIMS standing 9 months −0.280 −0.718–0.157 0.207

AIMS supination 12 months 0.238 −2.389–2.865 0.858

AIMS sitting 12 months −0.250 −1.193–0.693 0.601

AIMS total score 12 months −0.305 −0.716–0.105 0.143
EGWG—Excessive Gestational Weight Gain; CVD—Cardiovascular Disease; DM—Diabetes Mellitus; AIMS—
Alberta Infant Motor Scale; B—Beta Coefficient; CI—Confidence Interval.

4. Discussion

In our study, pre-pregnancy obesity was a risk factor for all observed parameters of
early motor development; the data are undoubtedly indicative that infants born to mothers
who are overweight and obese are at an increased risk of early gross motor impairment.
The only exception observed in our AIMS metrics, where we did not find any difference,
was for the AIMS 6 standing. However, at this age, infants are not expected to acquire such
skills, and therefore, the lack in differences between the groups is not relevant.

At the age of about six months, the first major differences in infants’ gross motor
skills may appear, since this is the age when infants are usually expected to make some
of the more control-demanding postures, including rolling over and sitting up without
support [21]. These significant milestones of motor development are therefore of great
importance, and the timely recognition of these usually subtle differences is critical for
early intervention. Sitting delays have been recognized and well studied as unfavorable
outcomes of some pregnancy-related complications, including prematurity [22], and the
delayed acquisition of motor skills at this age is known to be associated with early child-
hood obesity [23]. Epigenetic modifications of neurotrophic genes, maternal and fetal
inflammation, alterations to the microbiome, and impaired neurotransmitter signaling are
some of the proposed mechanisms linking maternal overnutrition with children’s neurode-
velopmental vulnerability [24]. Wylie et al. studied the association between a compromised
intrauterine environment and maternal pre-pregnancy obesity and identified maternal
nutrition status as a risk factor for infants’ sitting performance [25]. Taveras et al. found an
association between infants’ weight-to-length increase during the first six months of life
and childhood obesity at the age of three years, and stressed the importance of close infant
surveillance during the first six months of an infant’s life [26]. Furthermore, in a recently
published study, Aoyama et al. revealed that achieving later gross motor milestones at this
age may in fact predict increased body fat for children aged 6 to 7 years [27] and anticipated
that maternal pre-pregnancy overnutrition leading to early motor delay may ultimately
result in childhood obesity.

Even though there are inconsistencies in the literature, and the interpretation of results
linking maternal obesity with children’s neurodevelopment may be challenging primarily
due to the amplification of other pre-pregnancy and pregnancy-driven disorders, preg-
nancy overweight and obesity are recognized as independent risk factors for offspring
neurodevelopmental delay [28]. Unlike maternal diabetes and hypertension, maternal
preconception BMI trajectories are independently associated with poorer childhood neu-
rodevelopment [29]. Based on the above, the age of six months appears to be a cross
row that is not only indicative of our parental legacy, but also of our future perspectives
and potentials. The importance of an early quantitative assessment of an infant’s motor
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development was recognized in a study conducted by Gajewska et al. as well [30]. This
group of authors found that infants facing major developmental disorders may be identified
and selected for further follow-ups in as early as the age of three months [30]. However,
Gajewska et al.’s primary focus of study was to identify infants who are at an increased
risk of cerebral palsy, and therefore, we believe that the quantitative assessment of infants’
motor development at the age of six months is more appropriate for more subtle motor
impairments, like those associated with maternal obesity.

Fetal predisposition and susceptibility to gross motor impairment and the offspring
phenotype appears to be determined through epigenetic adaptations and placental struc-
tural and functional changes, which are associated with maternal obesity [31]. DNA
methylation, histone modifications, and microRNAs are epigenetic modifications which
may play key roles in disease susceptibility through maternal metabolic alterations [32]
and altered neurodevelopment trajectories in offspring [33]. Rapid and excessive weight
gain during pregnancy and excess fetal lipid accumulation lead to fetal fat mass increase,
accelerated fetal growth dynamics, and fetal macrosomia [34]. An association between
maternal obesity and fetal overgrowth resulting in fetal macrosomia appears to be signifi-
cant [35], and our study results support such association. Furthermore, Zhang et al. found
that fetal macrosomia and altered fetal metabolic programming decreases infants’ early
adaptability and gross and fine motor performances at the age one to six months [36].

Acknowledgement and early clinical interventions often play crucial roles in sup-
porting infants who show delays or atypical patterns in gross motor development, and
they can vary widely based on a child’s individual needs [37]. The effectiveness of clinical
interventions can significantly impact infants’ gross motor development, and positive
outcomes can include improved muscle strength and coordination, an enhanced ability
to reach developmental milestones within a typical age range, increased independence in
mobility, and positive effects on social, cognitive, and emotional development, as physical
abilities allow for more interactions with the environment and others [38,39]. It is important
to note that outcomes can vary based on the nature and timing of the intervention, the
specific needs of the child, and the involvement of the family members [37]. Thus, the
continuous monitoring and adjustment of interventions are often necessary to meet the
evolving needs of the growing infant, and focus should be centered on elucidating the
matter of overnutrition, including preconception weight management, nutritional coun-
selling, and regular physical activity, which can significantly improve outcomes for both
the mother and the offspring [40–42].

Despite pregnancy being the optimal time for adapting healthy lifestyle choices,
preconceptionally overweight and obese women unfortunately rarely meet the proposed
weight gain goals [43,44]. Women in our study who were overweight and obese tended
to gain weight excessively during pregnancy significantly more frequently compared to
women with normal weights. Such unappealing tendency, primarily associated with
maternal habitual dietary intake patterns, is a common observation reported by researchers
studying different populations and ethnicities [45,46]. Achieving optimal gestational weight
gain for women who are overweight or obese before pregnancy is crucial for minimizing
health risks for both the mother and the fetus. The pattern of gestational weight gain
among women dealing with overnutrition is considered as an important marker for fetal
growth dynamics, especially during the first 20 weeks of gestation. Maternal obesity is
associated with an increased risk for both large-for-gestational-age (LGA) and small-for-
gestational-age (SGA) babies, and disentangling gestational weight gain patterns may be
helpful in understanding competing risks between LGA and SGA. Among women who are
overweight and obese, excessive gestational weight gain before the 20th gestational week is
related to LGA regardless of later gain, while lower gestational weight gain during the same
gestational age is related with an increased SGA risk [47]. Moreover, excessive gestational
weight gain is an independent risk factor for early motor development impairment [48], but
it may also have a synergetic effect with pregestational overnutrition [49,50]. Appropriate
nutritional intake, regular weight gain monitoring, and interventions conducted early



Nutrients 2024, 16, 1260 9 of 12

during pregnancy, including diet and physical activity, may have a profound impact on
weight gain reduction and comorbidity prevalence for both the mother and the child [51].

Another interesting observation of our study’s results is the assumed transgenerational
obesity susceptibility. Family history of DM and CVD was more commonly positive in the
group of subjects who were overweight and obese compared to their peers with normal
weights. Obesity is a major risk factor for both CVD and DM [52], and this result may in
fact presume that obesity may act as a villain keeping three generations in captivity and
endangering the most valuable resource each living being has to offer, which is healthy
offspring. Despite the lack of conclusive evidence, a growing body of research, including
systemic reviews, links maternal overnutrition with offspring’s risk of CVD, DM, and even
cancer [53]. Nutritional interventions conducted during pregnancy have shown efficiency
and beneficial effects on glucose tolerance, insulin resistance, vascular function, and lipid
concentrations in offspring, and thereby in decreasing the risk of non-communicable
diseases (NCDs) [54]. NCDs, including CVD and type 2 DM, are the leading causes of
death and disability worldwide, with a growing incidence year after year. More than
half a billion people globally are living with DM and its devastating complications, and
it is estimated that there will be an increase of more than double in the next 30 years,
resulting in 1.3 billion people being affected [55]. Therefore, this is the time to engage all
of our resources and efforts to achieve the prevention of NCDs. Preventing NCDs must
start preconceptionally, with targeted intervention and strategies aimed at generations
that are in control over their own health and future, as well as of the health and future of
their offspring.

There are several limitations to this study. First of all, the study’s participants belong
to a Serbian population, and specific socio-economic variations, as well as inherited predis-
positions, may exist in other populations and ethnicities. The sample size of this study is
another limiting factor, since the inclusion of a larger group of participants could increase
the sensitivity of the study’s results; thus, additional studies conducted on larger samples
are advised.

5. Conclusions

Pre-pregnancy obesity is a critical determinant of pregnancy outcomes and offspring
health, with far-reaching implications for the short-term and, possibly, long-term well-
being of both the mother and child. Excessive gestational weight gain, which is more
prevalent among overweight and obese women, exacerbates the risk of negative outcomes,
including impaired motor development, but factors such as genetic predispositions, the
postnatal environment, and socioeconomic status may also play critical roles in shaping
infants’ developmental trajectories. Therefore, it is essential for medical professionals to
incorporate strategies aimed at optimizing maternal weights before and during pregnancy
as part of a comprehensive approach to improve infants’ health outcomes. Future research
should focus on elucidating the precise biological mechanisms at play, as well as on
developing targeted interventions that can mitigate the impact of maternal obesity on
child neurodevelopment. Ultimately, addressing maternal obesity represents a critical
level for enhancing the developmental prospects of the next generation, underscoring the
importance of public health initiatives and clinical practices that promote maternal and
infant health.

Author Contributions: Conceptualization, M.L., D.N., B.M. and S.M.; Methodology, M.L., D.N., B.M.,
D.D., I.J., S.R. and S.M.; Data curation, D.D., I.J. and S.R.; Writing—original draft, M.L., D.N., B.M.,
D.D., I.J., S.R. and S.M.; Supervision, M.L., D.N., B.M. and S.M. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
(decision no. 01-14706/19; date: 22 November 2019).



Nutrients 2024, 16, 1260 10 of 12

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

Data Availability Statement: All data are presented in this study. Original data are available upon
reasonable request from the corresponding author.

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

References
1. Ahmed, B.; Konje, J.C. The epidemiology of obesity in reproduction. Best Pract. Res. Clin. Obstet. Gynaecol. 2023, 89, 102342.

[CrossRef]
2. Poston, L.; Harthoorn, L.F.; van der Beek, E.M.; Contributors to the ILSI Europe Workshop. Obesity in Pregnancy: Implications

for the Mother and Lifelong Health of the Child. A Consensus Statement. Pediatr. Res. 2011, 69, 175–180. [CrossRef] [PubMed]
3. Kweon, J.Y.; Mun, H.; Choi, M.R.; Kim, H.S.; Ahn, Y.J. Maternal obesity induced metabolic disorders in offspring and myeloid

re-programming by epigenetic regulation. Front. Endocrinol. 2024, 14, 1256075. [CrossRef] [PubMed]
4. Poston, L.; Caleyachetty, R.; Cnattingius, S.; Corvalán, C.; Uauy, R.; Herring, S.; Gillman, M.W. Preconceptional and maternal

obesity: Epidemiology and health consequences. Lancet Diabetes Endocrinol. 2016, 4, 1025–1036. [CrossRef]
5. Cunningham, M.W., Jr.; LaMarca, B. Risk of cardiovascular disease, end-stage renal disease, and stroke in postpartum women

and their fetuses after a hypertensive pregnancy. Am. J. Physiol. Integr. Comp. Physiol. 2018, 315, R521–R528. [CrossRef]
6. Lackovic, M.; Nikolic, D.; Jankovic, M.; Rovcanin, M.; Mihajlovic, S. Stroke vs. Preeclampsia: Dangerous Liaisons of Hypertension

and Pregnancy. Medicina 2023, 59, 1707. [CrossRef] [PubMed]
7. Denizli, M.; Capitano, M.L.; Kua, K.L. Maternal obesity and the impact of associated early-life inflammation on long-term health

of offspring. Front. Cell. Infect. Microbiol. 2022, 12, 940937. [CrossRef] [PubMed]
8. Wadhwa, P.D.; Buss, C.; Entringer, S.; Swanson, J.M. Developmental origins of health and disease: Brief history of the approach

and current focus on epigenetic mechanisms. Semin. Reprod. Med. 2009, 27, 358–368. [CrossRef]
9. Desai, M.; Ross, M.G. Maternal-infant nutrition and development programming of offspring appetite and obesity. Nutr. Rev. 2020,

78, 25–31. [CrossRef]
10. Boonzaaijer, M.; Suir, I.; Mollema, J.; Nuysink, J.; Volman, M.; Jongmans, M. Factors associated with gross motor development

from birth to independent walking: A systematic review of longitudinal research. Child Care Health Dev. 2020, 47, 525–561.
[CrossRef]

11. Hinkle, S.N.; Schieve, L.A.; Stein, A.D.; Swan, D.W.; Ramakrishnan, U.; Sharma, A.J. Associations between maternal prepregnancy
body mass index and child neurodevelopment at 2 years of age. Int. J. Obes. 2012, 36, 1312–1319. [CrossRef] [PubMed]

12. Saros, L.; Lind, A.; Setänen, S.; Tertti, K.; Koivuniemi, E.; Ahtola, A.; Haataja, L.; Shivappa, N.; Hébert, J.R.; Vahlberg, T.; et al.
Maternal obesity, gestational diabetes mellitus, and diet in association with neurodevelopment of 2-year-old children. Pediatr. Res.
2023, 94, 280–289. [CrossRef] [PubMed]

13. Lackovic, M.; Milicic, B.; Mihajlovic, S.; Filimonovic, D.; Jurisic, A.; Filipovic, I.; Rovcanin, M.; Prodanovic, M.; Nikolic, D.
Gestational Diabetes and Risk Assessment of Adverse Perinatal Outcomes and Newborns Early Motoric Development. Medicina
2021, 57, 741. [CrossRef] [PubMed]

14. Saurel-Cubizolles, M.-J.; Azria, E.; Blondel, B.; Regnault, N.; Deneux-Tharaux, C. Exploring the socioeconomic disparities of
maternal body mass index: A national study in France. Eur. J. Public Health 2022, 32, 528–534. [CrossRef] [PubMed]

15. Casas, M.; Chatzi, L.; Carsin, A.-E.; Amiano, P.; Guxens, M.; Kogevinas, M.; Koutra, K.; Lertxundi, N.; Murcia, M.; Rebagliato, M.;
et al. Maternal pre-pregnancy overweight and obesity, and child neuropsychological development: Two Southern European birth
cohort studies. Leuk. Res. 2013, 42, 506–517. [CrossRef] [PubMed]

16. Lee, L.L.S.; Harris, S.R. Psychometric properties and standardization samples of four screening tests for infants and young
children: A review. Pediatr. Phys. Ther. 2005, 17, 140–147. [CrossRef] [PubMed]

17. Lackovic, M.; Nikolic, D.; Filimonovic, D.; Petronic, I.; Mihajlovic, S.; Golubovic, Z.; Pavicevic, P.; Cirovic, D. Reliability,
Consistency and Temporal Stability of Alberta Infant Motor Scale in Serbian Infants. Children 2020, 7, 16. [CrossRef] [PubMed]

18. World Health Organization. Body Mass Index. Available online: https://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi (accessed on 31 May 2020).

19. Institute of Medicine (US); National Research Council (US); Committee to Reexamine IOM Pregnancy Weight Guidelines.
Consequences of Gestational Weight Gain for the Child. In Weight Gain during Pregnancy: Reexamining the Guidelines;
Ras-mussen, K.M., Yaktine, A.L., Eds.; National Academies Press (US): Washington, DC, USA, 2009. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK32816/ (accessed on 24 September 2020).

20. Araujo Júnior, E.; Peixoto, A.B.; Zamarian, A.C.; Elito Júnior, J.; Tonni, G. Macrosomia. Best Pract. Res. Clin. Obstet. Gynaecol. 2017,
38, 83–96. [CrossRef] [PubMed]

21. Kyvelidou, A.; Harbourne, R.T.; Willett, S.L.; Stergiou, N. Sitting postural control in infants with typical development, motor
delay, or cerebral palsy. Pediatr. Phys. Ther. 2013, 25, 46–51. [CrossRef]

22. Jensen-Willett, S.; Pleasant, M.; Jackson, B.; Needelman, H.; Roberts, H.; McMorris, C. Sitting Matters! Differences between Sitters
and Nonsitters at 6 Months’ Adjusted Age in Infants At-Risk and Born Preterm. Pediatr. Phys. Ther. 2019, 31, 257–262. [CrossRef]

23. Zacks, B.; Confroy, K.; Frino, S.; Skelton, J.A. Delayed motor skills associated with pediatric obesity. Obes. Res. Clin. Pract. 2021,
15, 1–9. [CrossRef] [PubMed]

https://doi.org/10.1016/j.bpobgyn.2023.102342
https://doi.org/10.1203/PDR.0b013e3182055ede
https://www.ncbi.nlm.nih.gov/pubmed/21076366
https://doi.org/10.3389/fendo.2023.1256075
https://www.ncbi.nlm.nih.gov/pubmed/38292775
https://doi.org/10.1016/S2213-8587(16)30217-0
https://doi.org/10.1152/ajpregu.00218.2017
https://doi.org/10.3390/medicina59101707
https://www.ncbi.nlm.nih.gov/pubmed/37893425
https://doi.org/10.3389/fcimb.2022.940937
https://www.ncbi.nlm.nih.gov/pubmed/36189369
https://doi.org/10.1055/s-0029-1237424
https://doi.org/10.1093/nutrit/nuaa121
https://doi.org/10.1111/cch.12830
https://doi.org/10.1038/ijo.2012.143
https://www.ncbi.nlm.nih.gov/pubmed/22964791
https://doi.org/10.1038/s41390-022-02455-4
https://www.ncbi.nlm.nih.gov/pubmed/36596942
https://doi.org/10.3390/medicina57080741
https://www.ncbi.nlm.nih.gov/pubmed/34440947
https://doi.org/10.1093/eurpub/ckac064
https://www.ncbi.nlm.nih.gov/pubmed/35700453
https://doi.org/10.1093/ije/dyt002
https://www.ncbi.nlm.nih.gov/pubmed/23569191
https://doi.org/10.1097/01.PEP.0000163078.03177.AB
https://www.ncbi.nlm.nih.gov/pubmed/16357664
https://doi.org/10.3390/children7030016
https://www.ncbi.nlm.nih.gov/pubmed/32131387
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.ncbi.nlm.nih.gov/books/NBK32816/
https://doi.org/10.1016/j.bpobgyn.2016.08.003
https://www.ncbi.nlm.nih.gov/pubmed/27727018
https://doi.org/10.1097/PEP.0b013e318277f157
https://doi.org/10.1097/PEP.0000000000000622
https://doi.org/10.1016/j.orcp.2020.10.003
https://www.ncbi.nlm.nih.gov/pubmed/33268277


Nutrients 2024, 16, 1260 11 of 12

24. Tong, L.; Kalish, B.T. The impact of maternal obesity on childhood neurodevelopment. J. Perinatol. 2020, 41, 928–939. [CrossRef]
[PubMed]

25. Wylie, A.; Sundaram, R.; Kus, C.; Ghassabian, A.; Yeung, E.H. Maternal prepregnancy obesity and achievement of infant motor
developmental milestones in the upstate KIDS study. Obesity 2015, 23, 907–913. [CrossRef] [PubMed]

26. Taveras, E.M.; Rifas-Shiman, S.L.; Belfort, M.B.; Kleinman, K.P.; Oken, E.; Gillman, M.W. Weight status in the first 6 months of life
and obesity at 3 years of age. Pediatrics 2009, 123, 1177–1183. [CrossRef]

27. Aoyama, T.; Hikihara, Y.; Watanabe, M.; Wakabayashi, H.; Hanawa, S.; Omi, N.; Takimoto, H.; Tanaka, S. Association Between
Age of Achieving Gross Motor Development Milestones during Infancy and Body Fat Percentage at 6 to 7 Years of Age. Matern.
Child Health J. 2022, 26, 415–423. [CrossRef] [PubMed]

28. Girchenko, P.; Tuovinen, S.; Lahti-Pulkkinen, M.; Lahti, J.; Savolainen, K.; Heinonen, K.; Pyhälä, R.; Reynolds, R.M.; Hämäläinen,
E.; Villa, P.M.; et al. Maternal early pregnancy obesity and related pregnancy and pre-pregnancy disorders: Associations with
child developmental milestones in the prospective PREDO Study. Int. J. Obes. 2018, 42, 995–1007. [CrossRef] [PubMed]

29. Adane, A.A.; Mishra, G.D.; Tooth, L.R. Maternal preconception weight trajectories, pregnancy complications and offspring’s
childhood physical and cognitive development. J. Dev. Orig. Health Dis. 2018, 9, 653–660. [CrossRef]

30. Gajewska, E.; Sobieska, M.; Kaczmarek, E.; Suwalska, A.; Steinborn, B. Achieving motor development milestones at the age of
three months may determine, but does not guarantee, proper further development. Sci. World J. 2013, 2013, 354218. [CrossRef]
[PubMed]

31. Reichetzeder, C. Overweight and obesity in pregnancy: Their impact on epigenetics. Eur. J. Clin. Nutr. 2021, 75, 1710–1722.
[CrossRef]
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