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ABSTRACT

Given the reported 30% prevalence of early-life obesity in the Western world, the nongenetic, maternally
derived risk factors for excess body mass in offspring have been widely investigated recently. This review
article aimed to analyze the results of 67 articles published from 2014 onwards that investigated causative
non—genetic-based associations between maternal and infantile excess body mass. Excessive gestational
weight gain was found to increase the incidence of excess body mass in offspring, reaching nearly 20%
at 2 years of age. Furthermore, gestational diabetes mellitus (GDM) increases the risk of offspring that is
large for gestational age. The offspring of mothers with GDM and mothers with dyslipidemia in the first
trimester of pregnancy had higher rates of excess body mass. In addition, breastfeeding for a period of
less than 6 months was one of the 4 factors that were most strongly associated with childhood obesity.
Pregnancy-induced hypertension raises the risk of childhood obesity by 50%. In conclusion, excessive
gestational weight gain, GDM, maternal dyslipidemia, breastfeeding for a period of less than 6 months,
and hypertensive disorders of pregnancy are associated with maternal and childhood obesity and are
perinatal risk factors of excess body mass in offspring. Their occurrence should be monitored and pre-
vention of these factors should become the principal aim of obesity prevention programs for children.
Occurrence of these factors may justify intense screening to diagnose early stages of metabolic disorders
in offspring, even in adulthood. Further large-scale studies are warranted to draw a firm conclusion.

Introduction More than 30% of young Ameri-  these abnormalities means that these disorders

cans have excess body mass." In Europe, 6% to
31% of boys and 5% to 21% of girls aged 6 to 9
years are obese.” In Poland, 12.1% of men and
9.2% of women between 20 to 35 years of age
are obese.® Recently, it has been hypothesized
that the obesity-related health problems in in-
fants can be carried through adulthood and fur-
ther into late adulthood.?** Thus, the question
emerges whether obesity is transmitted from gen-
eration to generation.

Only a small range of genetic abnormalities
have been proved to be independently connect-
ed with the development of obesity in early life.
These include Prader-Willi, Alstrom, WAGR
(Wilms tumor, aniridia, genitourinary anoma-
lies, mental retardation), and Bardet-Biedl syn-
dromes.® However, the very low prevalence of
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do not have a significant impact on the transmis-
sion of obesity from mother to infant.

It has been clearly shown that maternal excess
body mass is the strongest noninfant related fac-
tor leading to obesity in infancy and further in
life. Maternal overweight and obesity have been
proved to be risk factors of obesity from the in-
fancy period to 2 years of age.” The influence of
maternal obesity on excess body mass of the off-
spring is independent of regional social depri-
vation or other sociodemographic variables of
the mother, as well as her physical activity be-
fore pregnancy.” The influence of maternal body
mass index (BMI) on the obesity of the offspring
remains significant even in teenage children.®
Daughters born to overweight or obese moth-
ers present with higher BMIs than girls without
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overweight or obese parents.’ In addition, body
composition of an infant is closely related to the
body mass of the mother.'’ It has been shown
that total body and abdominal fat masses (FMs)
in children delivered by mothers with prepreg-
nancy obesity were 135 g and 18 g higher com-
pared with the offspring of mothers without ex-
cess body mass."? This also applies to subcutane-
ous FM."" Infants large for gestational age born
by obese mothers had significantly higher fat
percentages (15.3%) in comparison with infants
small for gestational age (5.2%) and appropri-
ate for gestational age (9.8%). Children from
this population with low birthweight z scores
also presented with higher proportions of ab-
dominal FM. "

Currently new childhood obesity markers are
investigated. A birth weight of 3500 g or more
was proved to be associated with an increased
risk of future infant obesity.'? Recently, Mame-
li et al'® have proved that body shape index and
normalized hip circumference (hip index) are
highly reliable measurements of excess body
mass in early life. Childhood abdominal obesity
is a significant risk factor for early atherosclerosis
onset.' Thus, detailed knowledge of the mech-
anisms leading to mother-to-child excess body
mass transmission seems to be crucial for pedi-
atric and whole-life obesity prevention.

The aim of this study was to conduct a compre-
hensive review of the latest scientific findings on
the causative non-genetic-based associations be-
tween excessive gestational weight gain (EGWG),
gestational diabetes mellitus (GDM) and ma-
ternal dyslipidemia, maternal hypercholesterol-
emia, maternal hypertriglyceridemia, breastfeed-
ing, hypertensive disorders of pregnancy (HDP)
and excess body mass in offspring born to obese
mothers, even those with the onset of obesity be-
yond infancy. Data search of this review is pre-
sented in Supplementary material.

Results and discussion Excessive gestational
weight gain Maternal EGWG is a risk factor for
cesarean delivery, GDM, medically indicated pre-
term delivery, and maternal postpartum weight
retention.'” Moreover, EGWG is related to small-
-for-gestational age infants, low birthweight, and
spontaneous preterm birth, and correlates pos-
itively with birthweight independent of genet-
ic factors.'® It is also a developmental program-
ming factor for childhood body mass and results
in permanent metabolism alterations, similar to
those observed in maternal GDM.'® Thus, EGWG
is independently associated with long-term over-
weight and obesity risk in children.*'® It has been
shown that EGWG represents an odds ratio (OR)
of 1.45 when compared with women with prop-
er gestational weight gain (GWG) with 95% CI
between 1.33 and 1.57 for children aged 2 years.
However, adjustment for birth weight and gesta-
tional age at delivery eliminates the significance
of EGWG (OR, 1.08; 95% CI, 0.98-1.19). It is stat-
ed that the effect of EGWG on infant body mass
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at the age of 2 years is mediated through gesta-
tional age at delivery and birth body weight.*
The Institute of Medicine (IOM, now the Na-
tional Academy of Medicine) published guidelines
on the proper GWG, which are based on mater-
nal BMI before conception.'” It has been shown
that mothers with excess body mass before preg-
nancy show lower weight gain in all 3 trimesters
of pregnancy and lower total GWG compared to
mothers with normal BMI; however, mothers
with excess body mass before pregnancy exceed
IOM recommendations on GWG more frequent-
ly."" Based on the IOM recommendations, Sneha
et al'® showed that EGWG was associated with
having a child with excess body mass aged 2 to 5
years (OR, 1.45). Interestingly, even within the
prepregnancy BMI range of normal according to
IOM, EGWG presented a strong causative asso-
ciation with offspring obesity (OR, 1.79). More-
over, in cases of normal BMI before pregnancy,
EGWG had a stronger effect on child obesity in
comparison with overweight and obese women.'®
Birth weight is stated to be a nonspecific mea-
sure of infant growth, and parameters such as
infant FM and fat-free mass contents have been
considered more accurate.'” Badon et al'® and
Henriksson et al'"® found that EGWG is associated
with excess infant FM in normal-weight women.
Carlsen et al'’ calculated that every kilogram of
mother’s GWG corresponds with an increase in
infant FM by 11 g. However, Henriksson et al'’
proved that the influence of GWG on child FM
can be significantly influenced by infant length.
It is stated that measurement of infant’s FM and
fat-free mass should be performed with air-dis-
placement plethysmography, which is the gold
standard for investigations of infant body com-
position."” So far, the association between in-
fant FM and long-term obesity and cardiovas-
cular risk has not been investigated.
Interestingly, the strongest correlation be-
tween EGWG and infant obesity was registered
in women in whom weight gain was observed
both in the early and late stages of pregnancy.
In women who gained body weight only in the
beginning of pregnancy or in the last period of
pregnancy, the correlation was not so evident.
In early pregnancy, EGWG is explained mainly
by an increase in maternal fat tissue mass result-
ing from overnutrition, and this is considered to
have a great influence on the obesity risk in the
child. In late pregnancy, EGWG is primarily due
to intense fetal growth.®
The above studies show that EGWG is a signif-
icant risk factor of surgical delivery and preterm
birth in the form of medically indicated preterm
delivery and spontaneous preterm birth. More-
over, EGWG increases the risk of infant disor-
ders such as infants who are small-for-gesta-
tional age and have low birthweight and their
further negative consequences. Thus, maternal
EGWG is a factor that predisposes to offspring
prematurity and should be considered in indi-
vidual obstetric care and birth plans. It is also a



marker of maternal metabolic disorders, which
places it high on the list of maternal cardiomet-
abolic risk indicators.

Thus far, children obesity prevention has been
considered a part of pediatric care. Current find-
ings show that preventive strategies should be
implemented much earlier, for example, during
fetal development. The IOM recommendations
on GWG seem to at least partially fulfill this ne-
cessity; however, a significant increase in dissem-
ination of these recommendations is required,
and this should be clearly pointed as an impor-
tant role of modern obstetric care. The associa-
tion between infant body composition and future
metabolic risk has not been sufficiently investi-
gated so far. Thus, this area requires further sci-
entific exploration to find new markers and ther-
apeutic goals in pediatric metabolic medicine.

Gestational diabetes mellitus and maternal dyslip-
idemia Maternal obesity is strongly associat-
ed with childhood insulin resistance."" Howev-
er, the potential association between GDM and
infant obesity have been controversial for a long
time. Concomitant maternal obesity is a strong
confounder limiting the credibility and accura-
cy of studies on this topic. Resolving this issue
would enable us to answer the question wheth-
er maternal blood glucose monitoring and low-
ering can serve as a key point in the prevention
of the obesity pandemic in future generations.

Bider-Canfield et al® analyzed 15710 mother-
-offspring pairs. In this study, 17.1% of obese
mothers had GDM. It was also observed in
12.0% of overweight mothers, and only in 7.4%
of normal-weight mothers. They reported an
unadjusted OR of 1.02 (95% CI, 0.89-1.17) for
childhood obesity in children aged 2 years born
to GDM mothers, with an insignificant increase
(OR, 1.08; 95% CI, 0.94-1.24) after adjusting
for maternal age, parity, education, maternal
race and ethnicity, comorbidity, and child sex,
and an insignificant decrease (OR, 0.89; 95% CI,
0.77-1.03) after further adjustment for prepreg-
nancy body mass, EGWG status, birth weight,
and gestational age at delivery. Thus, GDM was
stated to have no influence on infant obesity re-
gardless of the gestational week at GDM diag-
nosis. Interestingly, as to maternal weight gain
exceeding IOM recommendations, women with
GDM gained 50% less weight than women with-
out GDM. This shows a very high quality of pre-
natal diabetic care in this group of patients and
seems to support the absence of association
between GDM and child obesity at the age of
2 years." On the contrary, the American scien-
tific team led by Mark B. Landon'® showed no
association between GDM treatment and off-
spring obesity and metabolic outcomes. The only
exception was the lower fasting glucose levels
seen in female children of women treated for
mild GDM."® Furthermore, it has been shown
that GDM has no influence on the duration of
breastfeeding.”
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On the contrary, Page et al?’ showed a signifi-
cant association between GDM and offspring ad-
iposity. Thirty-seven children exposed to GDM
had higher BMIs and larger waist and hip circum-
ferences compared with 25 children whose moth-
ers did not have GDM. However, BMI z score
and BMI percentile remained significantly high-
er in the group with a maternal history of GDM.
Page et al?’ emphasized that homogenous eth-
nicity could have a great impact on the obtained
results. However, it is important to note that in
populations at high risk of obesity and diabetes,
GDM has greater influence on offspring body
mass.® It has been shown that in young patients
with type 1 diabetes and excess body fat, the use
of metformin leads to reduction of intima-me-
dia thickness in the common carotid artery.?!

Zhang et al?? has shown that the offspring
of mothers with GDM diagnosed with diabetes
during pregnancy or after delivery were more
frequently large for gestational age compared
with offspring of mothers with GDM with im-
paired glucose tolerance (IGT) during pregnancy
or with normal glucose after delivery. Offspring
born to mothers with GDM diagnosed after de-
livery had higher z scores for birth weight for
gestational age and birth weight for length for
gestational age compared with offspring born to
GDM mothers with normal glucose after deliv-
ery. Moreover, offspring of mothers with GDM
diagnosed with diabetes at 26 to 30 gestation-
al weeks were more frequently overweight com-
pared with offspring of mothers with GDM di-
agnosed with IGT at 26 to 30 gestational weeks.
The offspring of mothers with GDM who were
diagnosed with diabetes 2 years after delivery
had higher weight for height and BMI for age
z scores at 1 to 5 years than offspring of moth-
ers with GDM with normal blood glucose levels
or prediabetes after delivery.?

Kawasaki et al*® reported that offspring of
mothers with GDM had significantly high-
er rates of obesity and overweight compared
with healthy controls (pooled OR, 1.35; 95% CI,
1.01-1.80; P = 0.04; I? = 53%). This was de-
picted by the higher unadjusted BMI z scores
(pooled main differences, 0.14; 95% CI,
0.04-0.24; P = 0.01; I = 39%). Also, GDM had
no impact on diabetes in offspring (pooled OR,
5.70; 95% CI, 0.96-33.97; I?= 0%), except for a
higher risk of abnormal glucose tolerance com-
pared with controls in offspring aged 20 years de-
livered by mothers with GDM (OR, 6.71; 95% CI,
2.55-17.65; P <0.001), as well as higher plasma
glucose levels in the second hour of the glucose
tolerance test in the offspring of mothers with
GDM, regardless of age. Trends and significant
associations between GDM and offspring obesi-
ty shown by Kawasaki et al?® seem to have great
clinical importance. The superiority of the meta-
analysis of Kawasaki et al*® over the meta-anal-
ysis of Bider-Canfield et al® was that Kawasaki
et al”® analyzed offspring of varying ages, even
adolescents and adults. On the other hand, it
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was impossible to perform an adjustment of data
for covariates in the meta-analysis by Kawasaki
et al,?* and this decreases its credibility.

It was demonstrated that in-utero exposure to
GDM is a strong predictor of IGT and develop-
ment of type 2 diabetes mellitus (OR, 5.75; 95%
CI, 2.19-15.07; P <0.001). It was suggested that
the main reason for this is the early inability of
the B cells to compensate adequately in response
to increasing insulin resistance.?* Furthermore,
increased adiposity, and thus decreased insulin
sensitivity in obese children, occurs earlier in the
offspring of mothers with GDM (mean adiposity
rebound age, 4.8 years) compared with non-GDM
mothers (mean adiposity rebound age, 5.5).2°
Wroéblewska-Seniuk et al?® also showed that the
offspring of mothers with GDM presented high-
er homeostasis model assessment of insulin re-
sistance and BMI z scores, compared with chil-
dren of mothers with pregestational diabetes.

Prepregnancy maternal body mass and GWG
play crucial role in the development of obesity
in the offspring of mothers with GDM. It has
been proved that the offspring of GDM mothers
with excess maternal prepregnancy weight, obe-
sity, and EGWG are at higher risk of being large
for gestational age (OR, 1.87; 95% CI, 1.37-2.55;
OR, 2.98; 95% CI, 1.89-4.69; and OR, 2.93; 95%
CI, 2.07-4.13, respectively) and of macrosomia
(OR, 2.06; 95% CI, 1.50-2.84; OR, 2.89; 95% CI,
1.78-4.70; and OR, 2.84; 95% CI, 1.98-4.06, re-
spectively) at birth, and excess body mass at 1 to
5 years of age (OR, 1.26; 95% CI, 0.92-1.73; OR,
1.96; 95% CI, 1.24-3.09; and OR, 1.59; 95% CI,
1.15-2.21, respectively) compared with the off-
spring of mothers with GDM with normal body
mass.?’

Considering that 82.6% of obese children have
a family history of dyslipidemia or lipid disor-
ders, these disorders are high on the list of pa-
rental risk factors for childhood obesity.?® How-
ever, there is still a need for further studies on
the causative role of parental dyslipidemia that
would investigate whether the parental dyslipid-
emia is a risk factor or rather a risk marker of off-
spring obesity. Since 2014, only a limited num-
ber of studies have investigated the influence of
maternal dyslipidemia on the obesity status in
offspring. It was shown that maternal fasting
cholesterol levels in the first trimester positively
and linearly correlate with the probability of off-
spring having excess body mass and cholesterol
levels higher than the 75th percentile at the age
of 4 years. An increase in maternal serum total
cholesterol levels of 40 mg/dl is associated with
a 42% increase in offspring having excess body
mass (95% CI, 1.03-1.95) and greater skinfold
thickness by 3.3 mm (95% CI, 1.41-5.20) at the
age of 4 years after adjusting for prepregnan-
cy BMI, child sex, maternal age, education level,
parity, smoking during pregnancy, GWG, birth
weight, breastfeeding duration, and TV watching
at the age of 4 years.?” However, the role of mater-
nal hypercholesterolemia in the development of
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offspring excess body mass and whether it should
be treated as a factor or rather as a marker of fu-
ture obesity in the child still remains not inves-
tigated enough. Maternal excess body mass cor-
responds to higher serum triglyceride concentra-
tions in offspring compared with the offspring of
mothers with normal body mass. However, Sza-
bo?? proved in a recent study that increased pla-
cental fatty acid transfer and accelerated adipo-
cyte generation may explain not only neonatal
obesity but also some aspects of the adult obesi-
ty epidemic. The author therefore recommends
to prevent fetal fat cell hyperplasia by lowering
maternal plasma lipids in mid and late pregnancy,
especially in pregnancies being at risk for macro-
somia. Furthermore, maternal overweight or obe-
sity status leads to decreased serum high-density
lipoproteins (HDL) levels in offspring, and this
association is attenuated by EGWG."

Importantly, GDM still remains controversial
with respect to its role in the development of in-
fant obesity. This is mainly due to its co-occur-
rence with maternal obesity. Thus, further re-
search where these 2 factors are studied separate-
ly is highly warranted. However, data showing a
low rate of maternal weight gain exceeding IOM
recommendations in women with GDM clearly
indicate that high-quality obstetric care is crucial
not only for the proper course of pregnancy and
delivery but also for the prevention of metabolic
disorders both in mothers and infants. A study by
Page et al*® showed that the relationship between
GDM and infant obesity is ethnicity-dependent,
which justifies future multiple studies on this
topic that involve individual ethnic groups. An-
other report by Kawasaki et al*® found disturbed
glucose metabolism in the offspring of mothers
with GDM in their late youth, around nearly 20
years of age. Further cohort studies on this top-
ic with a covariate analysis should be conducted.

Data on the increased insulin resistance found
in the children of mothers with GDM are alarm-
ing. These observations suggest that the epidem-
ic of type 2 diabetes may expand to include an
increasingly younger population. Thus, mater-
nal GDM can potentially be an indicator of type
2 diabetes development in a young population.
The confirmation of this finding in future studies
will become a basis for new goals in type 2 diabe-
tes prevention programs in children and young
adults, such as reducing the prevalence of GDM.
The role of maternal dyslipidemia in the develop-
ment of obesity in offspring is evidently underex-
plored. Studies conducted so far allow to hypoth-
esize that maternal lipid disorders may contrib-
ute to the development of obesity in offspring;
however, this hypothesis requires further scien-
tific confirmation.

Breastfeeding for a period shorter than 6 months
Bider-Canfield et al* demonstrated that breast-
feeding for a period shorter than 6 months is one
of the 4 factors most strongly associated with
childhood obesity (BMI >85th percentile) at the



age of 2 years. Interestingly, the rate of moth-
ers who breastfed their infants for a period of 6
months or more was the lowest in the group of
mothers with prepregnancy obesity, higher in
the group of prepregnancy overweight mothers,
and the highest in the group of women with nor-
mal weight before pregnancy, independent of the
presence of GDM.” The reason for this is a lower
prolactin response to suckling and delayed lac-
togenesis in women with excess body mass."?'
The protective role of breastfeeding for a period
of 6 months or more was depicted by an OR of
0.67 with 95% CI between 0.61 and 0.73 (as com-
pared with mothers who breastfed for less than 6
months). There was no association between off-
spring obesity risk at the age of 2 years resulting
from breastfeeding for less than 6 months and
the incidence of GDM. Furthermore, the presence
of congenital anomalies and childbirth before the
37th week of pregnancy did not influence the risk
of obesity in the offspring of mothers who breast-
fed for a period of 6 months or longer.*

Similar results were shown in a meta-analysis
on the impact of breastfeeding on childhood obe-
sity, which included 25 studies on 26 508 partici-
pants. The pooled adjusted OR calculated from all
25 studies was 0.78 (95% CI, 0.74-0.81). Further-
more, a significant relationship between obesity
risk and breastfeeding duration was demonstrat-
ed. Children breastfed for a period of 7 months or
more were less likely to develop obesity (adjust-
ed OR, 0.79, 95% CI, 0.70-0.88) compared to in-
fants breastfed for a period of less than 3 months,
who only had a 10% decrease in the risk of child-
hood obesity compared with children who were
not breastfed at all. Moreover, a stepwise gradient
with decreasing risk of obesity with increasing du-
ration of breastfeeding was established, showing
that this factor has a dose-dependent effect.’? On
the contrary, some studies have shown that the
risk of excess body mass in offspring aged 4 and
6 years is similar for children breastfed for less
than 1 month and those breastfed for more than
6 months.** The protective effect of breastfeed-
ing against excess infant body mass results from
many factors. Firstly, breast milk contains a mod-
erate amount of calories and a balanced propor-
tion of nutrients, such as sugar, water, protein,
and fat. Secondly, the composition of breast milk
changes along with the mother’s diet and adapts
to the metabolic needs of the child. Breast milk
contains a range of bioactive compounds such
as leptin and ghrelin, which influence the prolif-
eration and differentiation of infant adipocytes.
Thus, breast milk has more beneficial effects on
infant body mass than formula.??

On the contrary, Hancox et al** showed that
breastfeeding had very little influence on obesi-
ty risk (OR, 0.95; P = 0.01). Interestingly, there
were no differences in the associations between
breastfeeding and BMI in lower income coun-
tries as compared with higher income countries.**

Many scientists emphasize the fact that studies
of the influence of breastfeeding on infant body
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mass are burdened with a significant bias due to
along period (even many years) between breast-
feeding and data collection. Furthermore, a con-
comitant diet or formula feeding, which contains
excessive calories, fats, and sugar, has brought
about a significant statistical shift. Thus, stud-
ies on breastfeeding should be performed in real
time to increase their credibility.*

Breastfeeding for a period shorter than 6
months has been identified as a very strong
prenatal risk factor of offspring obesity. Short
breastfeeding observed in obese mothers seems
to be one of metabolic factors linking excess body
mass in mothers and their children. As decreased
secretion of prolactin in obese mothers seems to
be the main reason, it would be reasonable to
investigate the effect of prolactin supplemen-
tation in this group of obese pregnant wom-
en as a potential method of childhood obesity
prevention. As breastfeeding presented a dura-
tion-dependent effect against offspring obesi-
ty, it seems justified to recommend this mode
of nutrition in neonates for as long as possible,
at least for a period no shorter than 6 months.
What is more, studies on the maximal breast-
feeding duration that has preventive proper-
ties in this range should be conducted. For in-
fants who must not be breastfed due to specif-
ic contraindications, individually adapted mod-
ified milk should be developed, with significant
content of bioactive compounds.

Hypertensive disorders of pregnancy It has been
shown that hypertensive mothers, regardless
of whether hypertension is complicated or not,
or whether it was diagnosed before conception
or during pregnancy, have significantly higher
BMIs compared with normotensive mothers.**
Recently, HDP have been identified as new risk
factors for offspring obesity. It has been shown
that pregnancy-induced hypertension (PIH) sig-
nificantly increases the risk of offspring obesi-
ty (OR, 1.92; 95% CI, 1.38-2.65; P <0.001). In-
terestingly, the association between complicat-
ed maternal hypertension and offspring obesi-
ty at the age of 20 years is not so strong (OR,
1.44;95% CI, 0.79-2.83; P = 0.29), although chil-
dren born to mothers with complicated hyperten-
sion, unlike children of mothers with PIH or pre-
pregnancy hypertension, have significantly low-
er birth weights compared with children of nor-
motensive mothers.*® Low birth weight is a well-
known risk factor for future obesity. It was shown
that low birth weight is associated with a high-
fat diet in childhood, which may be due to the fe-
tal programming of homoeostatic and/or hedon-
ic pathways of food preferences.*® It has been re-
ported that 15.1% of infants with a birth weight
of less than 1500 g present with metabolic syn-
drome-like symptoms as early as at the age of 2
years (corrected age), with the prevalence of hy-
pertension reaching 57.5%, low serum HDL lev-
els (<40 mg/dl) reaching 29.2%, high serum tri-
glyceride levels reaching 22.6%, hyperglycemia
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reaching 3.7%, and abdominal circumferences
higher than 90th percentile reaching 18.8%.%

The presence of HDP significantly influenc-
es the association between GDM and body mass
in children.*® Mothers with GDM and with HDP
are characterized by a significantly higher BMI,
fasting glucose at 26 to 30 gestational weeks,
2-hour glucose at 26 to 30 gestational weeks, and
GWG compared with mothers with GDM with-
out HDP.*® At birth, the offspring of women with
GDM and HDP have increased risk of being small
for gestational age at birth, higher birth-weight-
for-gestational-age z scores, higher birth-weight-
-for-length-for-gestational-age z scores, higher in-
cidence of infants large for gestational age, and
higher incidence of macrosomia compared with
the offspring of women with GDM without HDP.
At the age of 1 to 5 years, children born to moth-
ers with GDM and HDP are characterized by high-
er body mass and higher BMI compared with the
offspring of mothers with GDM with no histo-
ry of HDP.*® Moreover, children of mothers with
GDM and HDP compared with children of moth-
ers with GDM without HDP have higher-weight-
-for-age z scores, higher weight-for-length/height
z scores, higher BMI-for-age z scores, a higher
change in weight-for-height z scores from birth
to 1 to 5 years, and a higher prevalence of over-
weight and obesity.*® Interestingly, mothers with
GDM and HDP presented with lower ratios of ex-
clusive breastfeeding for a period of 6 months or
longer and exclusive breastfeeding for a period of
less than 6 months, and higher ratios of mixed
feeding and exclusive formula feeding compared
with normotensive GDM mothers.*

Offspring body mass in early adulthood is af-
fected by PIH, resulting in a 2-fold greater risk
of young adult excess body mass at the age of 20
years (95% CI, 1.5-2.8; P = 0.001). Furthermore,
children of mothers with PIH have 2.5-fold high-
er probability of reaching a global lifetime risk of
cardiovascular disease (QRISK) score above the
level of the 75th percentile (95% CI, 1.32-4.56;
P=0.004).*°

Hypertensive disorders of pregnancy have been
recently identified as a prenatal risk factor for ex-
cess body mass in offspring. Complicated mater-
nal hypertension, which leads to children with
low birth weights, seems to be particularly un-
favorable due to fetal programming that causes
hedonic pathways of nutrition and development
of metabolic syndrome in children. The coexis-
tence of GDM with HDP significantly increas-
es the risk of offspring obesity. This shows that
the presence of the elements of metabolic syn-
drome in pregnant women should be carefully
and populationally screened because it may al-
low to estimate the metabolic risk in children.
Furthermore, in prenatal care, a special empha-
sis should be placed on exclusive breastfeeding
for longer than 6 months in the cases of concom-
itant HDP and GDM. Moreover, due to the in-
creased global lifetime risk score of cardiovascu-
lar disease in the offspring of mothers with PIH,
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an early intense monitoring of cardiometabolic
risk should be implemented in this group of pa-
tients. However, life-long metabolic consequenc-
es in the offspring of mothers with PIH are still
underexplored and should become a field of high-
quality scientific exploration.

Knowledge gaps and area for future research In
our review, we summarize data from retrospec-
tive observational studies linking maternal met-
abolic disorders to the health of the offspring.
However, this evidence comes mostly from pedi-
atric units and refers mainly to children who are
no longer breastfed. Therefore, available data are
limited as it is difficult to separate purely devel-
opmental intrauterine conditioning from envi-
ronmental, cultural, behavioral, or socioeconom-
ic background that affects child’s future develop-
ment. Also, any research into this area would be
difficult due to obvious cultural variability and
possible sensitive issues of children’s care with-
in communities.*

Nevertheless, there is a small amount of recent
evidence addressing neonatal adiposity, measured
using anthropometric models or air displacement
plethysmography. Results of these observational
studies confirm observations from pediatric co-
horts that demonstrate an association between
maternal metabolic syndrome and increased birth
weight or neonatal adiposity.*’*!

Notably, data from placental studies showed
a link between altered placental functional phe-
notype and maternal metabolic disorders.*?** To
sum up, evidence collected from observational
maternal-fetal studies provides accurate infor-
mation on a clinically relevant association be-
tween maternal metabolic condition and early-life
neonatal status, and on mediating mechanisms,
free from any future expositions expected to oc-
cur later in life. Interestingly, results from long-
-term follow-up of children born to mothers from
a large, well-defined HAPO (Hyperglycemia and
Adverse Perinatal Outcome) cohort do not con-
firm a relationship between maternal dysglyce-
mia and childhood obesity and overweight, re-
porting a similarly high proportion of obese and
overweight children both in a subgroup of women
with glucose disorders in pregnancy and in a sub-
group of normoglycemic participants.** Similarly,
also along-term follow-up of the ALSPAC (Avon
Longitudinal Study of Parents and Children) co-
hort found a strong association between mater-
nal diabetes and excessive birth weight that was
not confirmed in these children at the age of 9 to
11 years."s Similar results were obtained from an-
other single-site HAPO cohort, where over 1000
mother-children pairs were followed when chil-
dren were 5 to 7 years old, and there was no asso-
ciation between maternal hyperglycemia detect-
ed in pregnancy and childhood obesity or exces-
sive adiposity.*® These findings could indirectly
support a notion that socioeconomic or cultur-
al factors interfere with inborn predispositions,
keeping in line with the “first 1000 days of life”



hypothesis. Recent data describe intrauterine
life and early childhood as a critical window of
opportunity which shapes the further quality of
life and health. Experience coming from develop-
ing countries and deprived communities shows
that malnutrition during this period of life leads
not only to increased premature mortality but
also increases morbidity due to noncommunica-
ble disorders and impaired neurodevelopment.
Importantly, suboptimal nutrition is not asso-
ciated solely with extreme poverty and famine.
Overnutrition, caused by excessive consumption
of cheap, calorically dense foods of low nutritional
value is also a form of malnutrition and exerts a
similarly detrimental impact on long-term health
and well-being.

Furthermore, still not much is known about
maternal factors that influence offspring health
in the long term. Among these, gestational weight
gain has recently attracted much scientific atten-
tion. Pooled data from observational studies in
pregnant women confirm an association between
excessive or inadequate GWG and abnormal birth
weight defined as either small- or large-for-gesta-
tional-age newborns.***’ Particularly, as a strong
association between excessive gestational weight
gain and neonatal macrosomia was noted by many
studies, reducing gestational weight gain seemed
to be a promising target for intervention. A recent
meta-analysis summarizing available evidence
on short-term maternal and neonatal outcomes
noted differences in GWG reduction depending
on the baseline maternal BMI.*® The authors re-
ported an overall beneficial influence of diet and
lifestyle interventions to maintain a recommend-
ed GWG on reduced risk of gestational hyperten-
sion in mothers, and of macrosomia and respira-
tory distress syndrome in newborns. Interesting-
ly, a post hoc analysis of data from DALI (Vita-
min D and Lifestyle Intervention for GDM Pre-
vention) study failed to confirm any correlation
between smaller gestational weight gain and im-
provement in maternal glycemia, whereas a long-
-term follow-up of over 900 mother-child pairs re-
cruited at one site within the HAPO study found
that both excessive and insufficient gestational
weight gain was associated with an increased risk
of insulin resistance and hypertensive disorders
in children at the age of 7 years.**:5? It should be
also noted that IOM recommendations for ges-
tational weight gain were set for a general popu-
lation of pregnant women and are related to ma-
ternal BMI only.’" Hence, there is still a contro-
versy whether only weight gain IOM recommen-
dations are also relevant in pregnancies compli-
cated with maternal diabetes or prediabetes, and
whether any adjustments in GWG with more at-
tention to maternal lipids would contribute to a
reduction of increased fetomaternal risk, specific
for this population of pregnant women.

Unfortunately, but also importantly, all at-
tempts to confirm these findings in intervention-
al studies performed in pregnant women yield-
ed inconclusive and conflicting results. Several
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interventional studies set in populations of preg-
nant women focused on postpartum weight man-
agement and postpartum weight retention, with-
out addressing children growth trajectory.’? 5
The protocols included in the meta-analyses dif-
fered in terms of interventions, targeted popu-
lations, gestational age at booking or duration
of the intervention, and also returned insuffi-
cient evidence on the effectiveness of any giv-
en intervention in the management of gesta-
tional weight gain. Some studies addressed in-
creased maternal risk, aiming at a reduction of
GDM prevalence in vulnerable populations. To
avoid any additional maternal exposure to med-
ications, most of protocols offered different mod-
els of lifestyle modifications (combinations of im-
proved dietary habits and physical activity) com-
menced at different gestational age and in differ-
ent populations at risk.*®%* These interventions
usually achieved a nonsignificant reduction in
GDM prevalence, and (in DALI study) reduced
gestational weight gain.’® Recently, an increas-
ing number of studies also reported results from
randomized trials including medical prevention
of maternal complications in different high-risk
populations, mostly using an insulin-sensitizing
agent, metformin, as a drug of choice for these
interventions, either alone or in a combination
with lifestyle modifications. However, accumu-
lating evidence is of variable quality and incon-
clusive, indicating either negligible or beneficial
effect on various neonatal parameters, but also
increased risk of childhood adiposity found in a
long-term follow-up of a single national cohort
of children born to women with polycystic ova-
ry syndrome.®%-¢

Our review also refers to areas for future re-
search. The obvious knowledge gap is caused by
a quickly increasing, but still incoherent amount
of evidence regarding pregnancy and early life
in humans. Pregnancy itself is a metabolically
unique period of life that involves rapid changes,
and it sets its own, temporary standards. There-
fore, we still do not know everything about the
phenomenon called “a normal pregnancy.” First
well-designed studies linking intrauterine envi-
ronment to long-term offspring health date back
to the last quarter of 20th century.®? Hence, the
whole area of early life human development and
intergenerational transmission of noncommuni-
cable disorders is new, and there are more ques-
tions than answers. At the same time, the popu-
lation of women with different disorders enter-
ing pregnancy is growing due to an increasing
age of procreation and improved overall quali-
ty of medical care. Moreover, a large-scale epide-
miological studies estimate that around 30% of
pregnant women experience the so-called great
obstetrical syndromes (eg, gestational diabetes,
hypertensive disorders of pregnancy, abnormal
fetal growth, premature delivery) during pregnan-
cy.5® These maternal conditions are now described
as major factors contributing to the elevated risk
of a poor perinatal outcome, and evidence about
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their impact on remote health risks in mothers
and their offspring is now being gathered.
Areas for future research are also defined at a
global level by several national and internation-
al bodies dealing with maternal health, and ad-
dress not only short-term perinatal complica-
tions but also lifelong implications of maternal
metabolic derangement on the long-term health
of children.®*-5¢ Among others, there is an urgent
need to design and perform appropriately pow-
ered multicenter prospective interventional trials
involving young adult females with well-known
risk factors for pregnancy complications, which
are also well described. The aim of such research
would be to investigate the range of lifestyle or
medical interventions before the participants
get pregnant. Then, study cohorts would be pro-
spectively monitored to determine which inter-
ventions were the most effective in reducing the
risk of selected fetomaternal endpoints. More-
over, once recruited, these cohorts could then
provide data for a long-term follow-up. However,
such protocols might prove challenging in terms
of effective management, recruitment of a suffi-
cient number of individuals, and a long-term re-
tention of participants in studies. Nevertheless,
only such research settings can provide sound
data of vital importance for future generations.
Also, in the light of studies showing differences
in gene expression related to physical fitness,?” an
epigenetic mechanisms of this finding should be
investigated in obese women and their offspring.

Conclusions Maternal dyslipidemia, EGWG,
GDM, breastfeeding for a period shorter than 6
months, and HDP were identified as significant
links between excess body mass in mothers and
children, and are observable perinatal risk factors
of offspring obesity. Thus, monitoring their oc-
currence and intensity during prenatal and peri-
natal care should be highly recommended. Pre-
vention of these factors should become a major
aim of childhood obesity prevention programs.
The occurrence of these factors appears to justi-
fy intense screening in order to diagnose early-
stages of metabolic disorders in offspring, even
in their adulthood. However, further studies on
alarge scale should be performed to draw a firm
conclusion.
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