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Abstract: Obesity and pregnancy are a combination that may create unique interconnected challenges for the health of
the next generation. Although pregnant obese adolescents are of concern worldwide, yet it is an issue that is currently
unattended to. Here, we provide an overview of the implications for the mother-offspring pair’s health associated to
teenage-pregnancy, with a focus on obesity and ‘what works’ to prevent the obesity-risk during pregnancy. Interrelated
health-issues are highlighted, which include: increased negative consequences related to childbearing at young age;
associations of maternal pre-gravid excessive-weight with maternal and fetal complications; and limited evidence
addressing obese pregnancy in adolescents. Targeting adolescents appears the most effective approach to reduce the
obesity-risk trajectory of the prospective parents early-in-life, thus breaking the intergenerational cycle of non-
communicable diseases. Specifically-focused educational programs with clear and motivational messages about
nutrition, physical activity and sexual health, are perceived as key-components of preventive campaigns with digital web-
based technology and specialized health-services being the most promising platforms to deliver knowledge. Successful
education has a double advantage: to establish healthy behaviors among adolescents at an early-stage of life, thereby
preventing both obesity and early pregnancy. Lastly, realistic solutions require also political understanding and

commitment.
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INTRODUCTION

“A ftransitional period between childhood and
adulthood, adolescence provides an opportunity to
prepare for a healthy productive and reproductive life,
and to prevent the onset of nutrition-related chronic
diseases in adult life, while addressing adolescence-
specific nutrition issues and possibly also correcting
some nutritional problems originating in the past” [1].

According to the Developmental Origins of Health
and Disease (DOHaD), early life environmental
exposures impact later-life risk of non-communicable
diseases (NCDs) [2]. Proper nutrition early in life is
crucial for the overall health of the next generations [3],
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and nutrition status has a broad range of multifaceted
determinants [4, 5].

It is becoming increasingly evident that adolescent
girls should be addressed in nutrition intervention
programs as an “entry-point’ to improve the health of
women and children and to break the intergenerational
cycle of malnutrition and NCDs [6, 7]. Investing in
adolescents can accelerate the fight against
deprivation, inequity and gender-discrimination in light
of major epidemiologic evidence. In particular,
adolescent population is going to increase so that the
figure of 1.2 billion adolescents [aged 10-19 years),
who accounted for approximately one fifth of the
world’s population in 2010, is predicted to increase until
2050 [8].

In this context, each year, an estimated 16 million of
births worldwide occur in girls aged 15-19. Pregnancy-
and childbirth-related complications account for nearly
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50,000 deaths of adolescent girls [8]. Pregnancy in
adolescents carries a higher risk of complications and
mortality in mothers and children, and poorer birth
outcomes than in adult women [9, 10]

Overweight/obesity in female 10—24 year olds has
increased between 1990 and 2013, with a prevalence
of nearly one out of five young people in NCDs-
predominant countries [7]. This burden poses serious
threat to health from childhood to adulthood, including
the spreading of NCDs in young people [7]. Indeed,
overweight and obesity have pervasively increased in
all age-groups due to the rapid shifts of contemporary
food patterns towards diets dominated by higher intake
of energy-dense/nutrient-poor foods and sugar-
sweetened beverages along with sedentary lifestyles
[11, 12]. Of alarm, the co-existence of under- and over-
nutriton leads to the so-called “dual burden of
malnutrition” [13, 14]. Individuals experiencing a dual
burden of malnutrition may suffer of overweight/obesity
coupled with micronutrient deficiencies, or stunting co-
occurring with high levels of central adiposity [13].

Accessibility may represent an opportunity because
adolescents are usually in education systems, and are
therefore a captive audience for education on broader
lifestyle and nutrition issues, should educators manage
to harness their potential.

The potential of these data on adolescents’ health
and wellbeing is of great concern. The health of
pregnant adolescents may contribute to the health of
the next generation by affecting developing fetus and
child [6]. Hence, we explore and discuss the state of
knowledge regarding the risks and challenges related
to adolescent pregnancy, with a specific focus on
obesity, in the attempt to provide policy-makers,
practitioners and academics with suggestions for
preventive nutrition-based strategies to break the
intergenerational cycle of malnutrition and NCDs. The
issues were addressed according to the following
framing: what is known about the challenges of
childbearing at young age in the mother-offspring pair's
health; what is known about the consequences of
excessive weight on maternal metabolic- and obstetric-
complications as well as fetal overweight; and what are
the opportunities and challenges for progress in
establishing healthy behaviors of parents-to-be to
prevent both obesity and pregnancy during
adolescence.

GAPS IN THE CURRENT STATE OF KNOWLEDGE

Shortcomings exist in the available evidence
concerning risks and challenges related to adolescent

pregnancy owing to the paucity of available studies
addressing the impact of obesity as it relates to
teenage pregnancy, and the lack of information on
biological mechanisms behind relationships between
teenage pregnancy and outcomes. Furthermore,
multiple lifestyle interventions for weight control
initiated during pregnancy have not yet shown
substantial effects on adverse perinatal outcomes. In
contrast, there is a robust body of relevant research
about how to prevent adolescents in general from
engaging in risky behaviors (i.e., sedentary habits,
smoking, alcohol consumption, unsafe sex, etc.).
Distilling information from this literature appears to be
an efficient approach about how best to achieve the
objective of reducing the risk of both obesity in women
of childbearing age, and adverse pregnancy and fetal
obesity-related conditions. Learning through analyses
of existing experiences is worldwide promoted as a
prompt way to gather key-combinations of political
commitment, strategic programming, and resources,
and to determine key-success factors and barriers in
scaling-up nutrition interventions [15-18].

THE BURDEN OF ADOLESCENCE IN PREGNANCY

Pregnant women are considered a ‘vulnerable
group’, as their nutritional requirements increase to
sustain fetal/infant growth and development as well as
maternal metabolism and tissue accretion [19]. When
occurring in adolescence, pregnancy poses extra
burdens due to the concomitant rise in nutritional needs
to maintain the adolescent’'s growth, leading to the
incomplete attainment of the physical, reproductive
(i.e., genital tract and the musculoskeletal system),
cognitive, or psychosocial maturity, associated with the
hardness to be reached by the health-care radar [7, 10,
20].

Adolescence is a sensitive time of rapid growth and
development [1], during which normative and
maladaptive patterns shape future trajectories [7]. Poor
nutrition may have repercussion on both the final adult
body size, resulting in stunting or thinness, and the
nutritional status of the offspring with thin or stunted
women more likely to have small-for-gestational-age
(SGA) and preterm babies creating a negative inter-
generational cycle [21, 22]. Not being fully grown
themselves at the time of the first childbearing, teenage
mothers likely compete with the developing fetus for
nutrients even when their pre-pregnant nutritional
status is relatively good [23, 24]. Indeed, many
adolescent girls enter pregnancy widely malnourished,
anemic and short stature, which greatly increases the
risk of adverse pregnancy-outcome and the likelihood
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of stunting in childhood [21, 25]. In addition,
adolescents are highly vulnerable to psychosocial
models and social media that are critically relevant to
their dietary practices and lifestyles such as dieting,
drinking alcohol and smoking that may be detrimental
for both the maternal nutritional status and the overall
pregnancy outcome [26, 27].

Teenage-pregnancy is independently associated
with preterm delivery, low birth-weight and neonatal
mortality [28-30]. A general tendency for poorer
outcomes in younger teenagers, and more benefits to
child’s survival and health of delaying the first birth
beyond the teenage years into the 20s has been
observed [29, 31-34]. Existing data highlight that the
increased risk is more likely intrinsic to maternal youth,
suggesting that the disadvantages of young age might
be causally related largely to biological/physiological
and/or behavioral-emotional immaturity rather than only
to inadequate socio-economical circumstances, ante-
natal care or delivery care [28, 30]. Indeed, the still-
growing of adolescent mothers and/or other biologic
factors (i.e., low pre-pregnancy weight and height,
parity, contracted pelvis), may be implicated in the
poorer pregnancy-outcomes during adolescence [35,
36]. It may be also plausible that teen mothers are less
able to attend to their infant’s needs than older mothers
[30]. Furthermore, by being predisposed to high fertility
and poor fertility outcomes (i.e., repeated childbirth in
less than 24 months, unplanned motherhood and
unsafe pregnancy termination) [37, 38], the
adolescent’s reproductive health may be negatively
impacted by pregnancy. Particularly, inter-pregnancy
intervals shorter than 18 months were found to be
significantly associated with SGA, preterm birth and
death in the first year of life, to imply that in populations
with high fertility rates, repeated pregnancies may
promote under-nutriton and morbidity in the mother-
offspring pair [39].

THE BURDEN OF OVERWEIGHT/OBESITY IN
PREGNANCY

Obesity during pregnancy constitutes an important
health issue, as a major risk factor for obstetric
complications, offspring’s morbidity and higher health-
care costs [40, 41]. Alarmingly, obesity in women of
reproductive age is increasing in prevalence with
current estimates indicating that by 2025 more than
21% of women worldwide will be obese [42]. Women
who are obese during pregnancy and their offspring are
much more likely than other women and newborns to
experience a range of adverse outcomes [42]. As
shown by studies in Table 1 [43-49], there are a

number of short- and long-term adverse implications on
mothers’ and their offspring’s health associated with
maternal excessive weight before and during
pregnancy:

- Mother: Pregnancy complications likely relate to
pre-gravid weight rather than Gestational Weight Gain
(GWG) [43]. Excessive GWG is a major determinant for
maternal post-partum weight retention, which may
contribute to maternal pre-gravid obesity in a
subsequent pregnancy [50], and is related to
caesarean delivery and preterm birth, but proportionally
less to a risk for pre-eclampsia, Gestational Diabetes
Mellitus (GDM) and fetal overgrowth or macrosomia
[61] in women who are already obese prior to
pregnancy. The strongest determinant for a high birth-
weight is likely the high maternal pre-gravid Body Mass
Index (BMI) [43, 47, 50]. In other words, pre-pregnancy
obesity is a greater risk factor for adverse outcome in
women who are obese whereas excessive gestational
weight gain is a greater risk factor in women who are
normal weight prior to pregnancy. The underlying
subclinical metabolic disturbances in obese pregnancy,
which become clinically manifest during pregnancy as
GDM, hypertensive disorders and fetal macrosomia are
under investigation. However, insulin resistance,
elevated levels of plasma triglycerides, cholesterol and
leptin are supposed to exert adverse effects, along with
adipose tissue producing pro-inflammatory factors,
complement factors and components of the
coagulation/fibrinolytic cascade that appear to mediate
the obesity-associated metabolic complications [41,
52]. GDM and obesity are both independent and
collectively related to adverse pregnancy outcomes
[41, 45]. Actually, both pre-gestational and gestational
diabetes have shown high association with adverse
maternal and fetal outcomes [47]. In pregnancies
complicated by diabetes, altered maternal lipid and
amino acid metabolism in addition to hyperglycemia
likely constitutes a risk for macrosomia. Furthermore,
women with GDM in previous pregnancy have likely at
least seven-fold increased risk of developing type-2
diabetes in future compared with normo-glycemic
pregnancies [47]

- Offspring: The offspring of obese women is at
increased risk for both neonatal morbidity and long-
term sequelae related to the abnormal in utero
metabolic environment, i.e., NCDs [43, 45, 53]. Indeed,
obesity is characterized by metabolic and endocrine
derangements, with low grade subclinical systemic and
tissue specific inflammation being the hallmark causally
linked to insulin resistance and associated to fetal,
neonatal, and long term outcomes of adiposity in the
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Table 1: The Short- and Long-Term Adverse Implications of Maternal Excessive Weight before and during Pregnancy

on the Mother’s and her Offspring’s Health

Adverse Implication

Increased risk of premature death in adult offspring [48]

Mother
Early in pregnancy: Increased risk of spontaneous abortion and congenital anomalies [45]
In later pregnancy: Increased risk of gestational diabetes, hypertensive disorders, cardiac dysfunction, proteinuria, sleep
apnea, non-alcoholic fatty liver disease [47, 49]
At delivery: Increased risk of instrumental and caesarean birth, surgical site infection and venous thrombosis (45)
Offspring Increased risk for fetal overgrowth, mortality and morbidity [43, 47]

Increased risk for neonatal morbidity, and later obesity and metabolic syndrome [44, 46, 47]

offspring [43]. Fetal overgrowth or macrosomia (the
most commonly reported effect of maternal diabetes
and/or excessive BMI) is of major concern, mostly in
the developed nations where an increase in mean term
birth-weight has been reported [43]. Body composition
measures in neonates from normal glucose-tolerant
pregnancies of pre-gravid overweight/obese versus
lean/average-weight women, showed that
overweight/obese women gave birth to heavier
neonates, and the increase in birth-weight was
attributable primarily to an increase in adiposity [54,
55]. Obesity in early-pregnancy likely increases
significantly the risk of obesity and metabolic syndrome
in the offspring, independent of maternal GDM or
excessive GWG [44, 46]. The relationship between
excessive GWG and offspring overweight seems to be
modified by maternal pre-gravid BMI, which has been
taken into account in the current recommendations for
GWG by the Institute of Medicine, in which ranges for
the increase in body mass have been recommended
based on the pre-gravid BMI [41]. Nevertheless, the
desirable degree of GWG remains a matter of debate,
with some claiming that there is an obligatory
physiologic weight gain during pregnancy necessary for
a healthy pregnancy [4], whilst some authors
recommend that less weight gain for obese women
may improve some perinatal outcomes [41, 56]. By
considering that also intrauterine exposure to diabetes
per se conveys the risk for developing diabetes and
obesity in youth [45, 53], combination of maternal
obesity and GDM may have a greater impact on fetal
growth than either one alone [45]. GDM and
macrosomia induce metabolic abnormalities, altered
hypothalamic  neuropeptide production degraded
antioxidant status, and disrupted immune system, thus
promoting potential obesity and metabolic syndrome in
the offspring [57]. Actually, the U- or J-shaped
relationship between fetal growth and adult metabolic

diseases, suggests that exposure to both under-
nutrition and over-nutrition in fetal life may lead to
postnatal obesity and related NCDs [2]. In fact, low
birth-weight (mostly arising from being born preterm or
in utero growth restriction) when combined with rapid
compensatory ‘catch-up’ growth after birth and/or
higher calorie diet in youth, also seems to predispose
to obesity via a mismatch between fetal and post-natal
environments [2].

Pregnant Obese Adolescents

With a 2.6% annual increase from 1990 to 2013 in
NCD-predominant countries, pregnant obese
adolescents are a pressing perinatal and public-health
concern [7]. Whilst the number of studies investigating
the effects of overweight and obesity on pregnancy
outcomes and offspring’ health among adults is fairly
extensive, there is a dearth of attention at
overweight/obese adolescents. Consistent with adult
literature, they show that pregnancy/obstetric
complications and adverse neonatal outcomes, such as
caesarean delivery, pregnancy-induced hypertension,
pre-eclampsia, GDM, incidence of macrosomia, are
likely significantly more common in overweight
pregnant adolescents than in those of appropriate
weight [58-63]. Furthermore, metabolic factors
underlying maternal growth during adolescent
pregnancy likely inhibit storage oxidation and endorse
fat deposition and retention during pregnancy and
postpartum, increasing the risk of maternal
overweight/obesity from an early age [24].

WHY TO HANDLE OBESITY PRIOR TO
PREGNANCY

Finding a means to diminish the dual burden of
malnutrition among adolescents, women and couples
of reproductive age, is important as interactions
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Table 2: Effect of Weight Loss Interventions Incorporating Nutrition Counseling and/or Physical Activity Initiated
during Pregnancy on Pregnancy-Related Outcomes

Study

Test

Results

Systematic review with meta-
analysis of 128 [RCTs + quasi
RCTs + observational studies] [47]

Systematic review with meta-
analysis of 13 [RCTs + quasi-RCTs]
(711

Systematic review with meta-
analysis of 44 relevant RCTs [72]

LiP (Lifestyle in Pregnancy) study:
RCT, n = 360 obese women in early
pregnancy, Denmark [73]

ROLO study: RCT of a LGl diet from
early pregnancy in secundigravid
women whose first baby was
macrosomic, n = 800 pregnant
women, Ireland [74]

PREGGIO (Pregnancy and
Glycemic Index Outcomes) study: a
2-arm, parallel-design RCT, n = 691
pregnant women, Australia [75]

LIMIT Study: Multicentre RCT, n =
2212 overweight/obese pregnant
women, Australia [76]

To assess the risk factors and
interventions for screening, detection,
prevention and management of pre-
pregnancy obesity, pre-diabetes and
diabetes at different levels of care

Any type of dietary intervention for
preventing excessive GWG

Any dietary or lifestyle interventions
with potential to influence gestational
maternal/fetal weight and obstetric
outcomes

Comprehensive dietary and lifestyle
intervention (IG) vs. controls (CG) on
GWG and obstetric outcomes

Recommended eucaloric LG diet (IG)
vs. no dietary intervention (CG) in
“recurrence of fetal macrosomia”
prevention

LGI dietary advice (IG) vs. Healthy
Eating advice (CG) at the 1* antenatal
visit on fetal birth-weight, birth
percentile, and Ponderal Index

Comprehensive dietary and lifestyle
intervention delivered by research staff
(IG) vs. standard care (CG) on health
outcomes in overweight/obese
pregnant women

Dietary intervention

Low glycemic index- vs. high glycemic index-diets for
pregnant women: fewer LGA infants = 0.09 (0.01 — 0.69);
lower fasting glucose values = -0.28 (-0.54 —-0.02)
mmol/L

Intervention vs. No-intervention:

- Decrease of: total GWG [-1.92 kg (-3.65 —-0.19), p =
0.03]; weight retention at 6 months postpartum [-1.90 kg (-
2.69 —-1.12), p < 0.0001]; cesarean section incidence [RR
=0.75(0.60 —0.94), p = 0.013]

- No significant effect on birth-weight, pre-eclampsia,
GDM, preterm birth

Intervention vs. No-intervention:

Dietary intervention

- GWG (kg) =-3.84 (-5.22 — -2.45), p < 0.001

- GDM =0.39 (0.23 — 0.69), p = 0.001

- Pre-eclampsia = 0.67 (0.53 — 0.85), p < 0.001

- Gestational hypertension = 0.30 (0.10 — 0.88), p = 0.03
- Preterm delivery = 0.68 (0.48 — 0.96), p = 0.03

- Shoulder dystocia = 0.38 (0.21 — 0.69), p = 0.001

Physical Activity
- GWG (kg) =-0.72 (-1.20 —-0.25), p = 0.003
- Birth-weight (g) = =60 (-120 —-10), p = 0.02
Mixed approach
- GWG (kg) =-1.06 (-1.67 —-0.46), p < 0.001

All interventions

- GWG (kg) =-1.42 (-1.89 —-0.95), p < 0.001

- Pre-eclampsia = 0.74 (0.60 — 0.92), p = 0.006

- Shoulder dystocia = 0.39 (0.22 — 0.70), p = 0.002

IG vs. CG:

- Lower median GWG [7.0 (4.7 — 10.6) vs. 8.6 kg (5.7 —
11.5), p = 0.01]

- Birth-weight (g): higher [3,742 (3,464 — 4,070) vs. 3,593
(3,335 — 3,930), p = 0.039]

- Obstetric outcomes: no significant difference
IG vs. CG:

- Absolute birth-weight, birth-weight centile, or ponderal
index: no significant difference

- GWG: lower [mean difference =-1.3 (-2.4—-0.2),p =
0.01]

- Rate of glucose intolerance: lower [21% (67 — 320) vs.
28% (100 — 352), p = 0.02]

IG vs. CG:

- No significant differences in primary outcomes of fetal
weight

IG vs. CG:

- Risk of LGA infant not significantly different

- Infants less likely to have birth-weight above 4000 g [RR
=0.82(0.68 —0.99), p =0.03]

- No differences in maternal pregnancy and birth outcomes
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UPBEAT trial (UK Pregnancies
Better Eating and Activity Trial):
multicentre RCT, n = 1555 obese
pregnant women, United Kingdom
[77] LGA infants

DALI (Vitamin D And Lifestyle
Intervention for GDM prevention)
pilot: European multicenter RCT, n
= 120 obese pregnant women, ten
European centers [78]

Intervention addressing diet and
physical activity through eight health
trainer-led sessions vs. standard
antenatal care on maternal GDs and

Three lifestyle interventions, i.e.,
healthy eating (HE) vs. physical activity
(PA) vs. (HE plus PA) on GDM risk

IG vs. CG:
- GD incidence: no difference
- LGA incidence: no difference

- Incidence of miscarriage, major obstetric hemorrhage,
SGA infants: no difference

- Dietary glycemic load, GWG, maternal sum-of-skinfold
thicknesses: lower

- Physical activity: higher

- HE vs. PA vs. HE+PA: no difference

- HE vs. PA: lower GWG and fasting glucose at 24-28
weeks

RCTs, randomized controlled trials; GWG, gestational weight gain; LGI, low glycemic index; GDs, gestational diabetes; LGA, large-for-gestational age; SGA, small-

for-gestational age.

between the pre- and post-natal environmental nutrition
may ultimately determine the offspring’s health [3]. As
the result of a complex system of interrelated social,
political and scientific factors, its prevention requires
mixed and concerted approaches including education,
behavioral and lifestyle changes [64-68]. Most
important, delivering evidence-based interventions
should be done carefully and after identifying the right
channels and tools [7, 69].

The Challenge of the Pre-Conception Period

The physiological state in which the parents enter
pregnancy, i.e., the diet, body composition and lifestyle,
is universally accepted as the very factor in the
prevention of pregnancy-related diseases and NCD-
risk components [3, 6, 68, 70, 71]. Once pregnancy is
underway, it is too late to truly affect fundamental
dietary and lifestyle habits. To date, multiple lifestyle
interventions for weight control initiated during
pregnancy (Table 2) [47, 72-77] have not shown
substantial effects on outcome in pregnant mother.
Predominantly, those based on balanced/healthy
and/or low glycemic diets were effective for reducing
excessive GWG safely, but had less success on fetal
weight (i.e., fetal overgrowth) and pregnancy-related
complications [47, 75, 78, 79]. Recently a randomized
clinical trial of exercise in overweight/obese chinese
women shows that exercise started early in pregnancy
significantly decreased GDM and gestational weight
gain before the mid-second trimester (Moreover,
despite low-glycemic index diets and physical activity in
pregnancy offered some advantages against borderline
and gestational diabetes by improving maternal
glucose homoeostasis [47, 75, 79], pre-conception
diabetic education and dietary advice were likely more
effective in reducing the occurrence of congenital
malformations, the risk of perinatal mortality and the
level of HbA1c in the 1 trimester of pregnancy [47].
Consequently, earlier interventions aiming to optimize

pre-gravid BMI and nutrient reserves may be needed to
ensure a healthy pregnancy and break the
intergenerational cycle of malnutrition and NCDs [40].
The optimum nutrient intake, that is micronutrient
status, must be achieved prior to pregnancy to favor
the overall reproductive and/or pregnancy cycle [40,
70]. Similarly, women with excessive pre-gravid BMI
must improve metabolic conditioning before pregnancy
to decrease complications of fetal overgrowth and
GDM [51], and those with pre-existing diabetes need to
normalize glucose levels to reduce the risk of
congenital anomalies [47]. Maternal pre-gravid and
early pregnancy metabolic condition in fact programs
early placenta function and gene expression [43].
These alterations in maternal/placental function, that is
increased expression of lipogenic and low-grade
inflammatory genes within white adipose tissue and
placenta, occur in the 1 trimester of pregnancy prior to
when most intervention trials are initiated. Further,
obese women may be less amenable to lifestyle
changes improving metabolic function and clinical
outcomes [51].

OPPORTUNITIES FOR BREAKING THE
INTERGENERATIONAL CYCLE OF NCDS

In a context of high risk of complications and poorer
birth outcomes associated with childbearing among
teens, worldwide high rate of teenage-pregnancy,
association between maternal obesity and morbidities,
and epidemic prevalence of overweight/obesity around
the world, targeting adolescents is likely to be the most
effective means to break the intergenerational-cycle of
malnutrition and NCDs.

As depicted in Figure 1, reaching-out to this
population means to:

. Counsel adolescents about the importance of not
getting pregnant until they have completed their
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own growth, usually around their 20" birthday
[33]

. By-pass the difficulty of arriving at pregnant
adolescents early enough in pregnancy. This
group of population frequently does not access
healthcare, that represents a major limitation in
ensuring adequate uptake of interventions early
in the lifecycle through appropriate strategies,
such as enhancing adolescent nutrition and
family planning [7, 16]

. Educate the future parents they must look after
their own health for the future wellbeing of the
next generation, that is to establish basics for
future healthy nutrition-related behaviors [6]

. Convey the message that pregnancy is a special
time to be healthy and prepared for [6].

Supplying pre-conception care means managing
existing risks before pregnancy [67]. By dealing with

prevention of teenage pregnancy, birth spacing,
promotion of contraceptive use, optimization of weight,
it appears to be the very chance to prevent harmful
exposures from affecting both the parents-to-be and
their  future offspring [80-83]. Achieving the
engagement of adolescents requires access to
information systems and quality youth-friendly services
provided by health care personnel trained to work with
youth [80, 83-87].

Education about “Early-in-Life” Nutrition Among
Adolescents

There is an increasing recognition that the most
promising strategy to improve the prospective parents’
body-composition and lifestyle/behavior is the
promotion of health literacy among adolescents [6, 14,
69]. There is a wealth of evidence about how to avert
unhealthy behaviors among adolescents [67, 88-90],
several lessons can be drawn from, which may be
applicable for reducing adverse pregnancy and fetal
conditions. Existing data highlight that to be successful
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these interventions must be embedded within the
social-economic context where adolescents live;
include multi-component interventions focusing on
nutrition, physical activity, family planning,
breastfeeding and infant feeding practices; and be
linked with existing public-health programs in sexual
and reproductive health and/or maternal/child health-
initiatives, that is using as platforms school- and
community-based  delivery, communication and
information technology, specialized health-services and
youth organizations [26, 64, 69, 84, 85, 91-93]. In
particular, text messaging, mobile technology, digital
web-based platforms, including comprehensive eHealth
websites and interactive web-based systems, appear to
be a promising strategy to promote health-related
topics [94-96]. Interestingly, the use of computer-, web
game- and mobile Apps-based nutrition education
interventions targeting adolescent overweight and
obesity evidenced the potential of the multimedia
technology to persuade young people to improve
overall dietary habits and healthy lifestyle thus
restraining the expansion of overweight/obesity [97-99].

IMPLICATIONS AND FUTURE DIRECTIONS

Teenage mothers are a high-risk and vulnerable
population. Pregnancy may compromise their own
physiological and nutritional status alongside that of
their fetus, with lifelong health consequences on the
mother-infant pair. Obesity may exacerbate such risks.

Enhancing environmental exposures during early
life offer important potential for primary prevention of
DOHaD-related NCDs [3, 6]. A growing body of
research suggests that improving body composition,
diet and lifestyle of adolescents, who are the
prospective parents, is crucial for their own health and
that of their future child. Lifestyle interventions during
adolescence have the potential to modify adult
unhealthy risks by switching at-risk individuals from a
high to lower risk trajectory [2]. There is a substantial
amount of evidence on obesity’s health effects during
pregnancy, little of this evidence is specific to
adolescents. Similarly, there is not yet much of a
conclusive evidence regarding the potential effects of
strategies for addressing the phenomenon of obesity
during pregnancy. However, most of the available data
likely indicate that initiating programs of dietary and
lifestyle counseling before conception may offer
effective solutions.

By considering that the behaviors leading to obesity
take root early in life, it is very reasonable that the most
sensible approach of addressing this problem is to

target adolescents in general, as “entry point’, i.e.,
before they are even old enough to enter a state of
pregnancy risk, by encouraging healthy eating habits,
which in turn is likely to lead to more favorable
pregnancy-related outcomes later in life [6, 14, 69].
Several lessons may be drawn from existing
experience on “what works” for reducing adolescents’
harmful behaviors which can be transferable for
preventing the risk of teenage obese pregnancy and
adverse-related conditions. Taken together, the
findings of this review suggest that successful
programs for improving lifestyle behaviors among
adolescents should be designed to maximize impact on
lifestyle and behavior change, rather than weight as an
outcome, by comprising different sectors and
disciplines. In particular, there is a need for promotion
of health literacy during adolescence to be robustly
addressed and implemented in multiple-integrated
interventions, including programs in sexual health and
contraception [83]. Discouraging adolescents from
becoming pregnant in the first place perhaps
represents the best way of reducing the extent of
adolescent obesity during pregnancy. To this regard,
youth engagement is essential. Thus, access for all
adolescent to quality youth-friendly services provided
by clinicians trained to work with youth should be
ensured [80, 84, 85, 87].

Modifying lifestyle and dietary behaviors is not an
easy task. More rigorous efforts for improving
communication interventions should be considered in
future programs to counteract the information
avalanche: too much information, countless competing
messages coming from too many stakeholders (i.e.,
health profession, mass media, fast food, alcohol and
cigarette manufacturers etc), much of it incorrect [100,
101]. Indeed, in today’s world we are all inundated with
information overload. To improve knowledge and
responsiveness to healthy guideline/information to be
attained for achieving an optimal health, nutrition
education must communicate clear, accurate and
actionable messages with a specific goal for target
groups [100-104]. To become the most effective,
education strategies have necessarily to accustom to
the preferred communication channels between
adolescents and their peers, by using motivational
messages specifically tailored to this group, in a
dynamic and interactive mode [103-105]. Media,
information- and mobile-technology, and text
messaging may offer new possibilities for engagement
and service delivery [97-99]. Finally, being this age-
group very sensitive to outside influences (parents,
media, and peers), strategies based on environment
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changes to reduce the exposure of young people to
negative influences should be particularly attractive for
governmental policy-makers [12, 86, 106]. It is unlikely
that such a change may succeed without strong visible
signals of commitment from the highest levels in
government [68, 106]. This may be of critical
importance by considering that ultra-processed foods
(i.e., burgers, frozen pizza and pasta dishes, nuggets
and sticks, crisps, biscuits, confectionery, cereal bars,
carbonated and other sugared drinks, various snack
products) which are characteristically energy-dense,
fatty, sugary or salty as well as attractive, hyper-
palatable, cheap and ready-to-eat, have become
increasingly dominant in food supplies [107]. Despite
transnational food manufacturing, retailing and fast
food service corporations have been recognized as the
main driving-force in shaping the global food system,
so far the full impact of industrialized food processing
on health has likely remained overlooked and
underestimated [107]. National governments, along
with non-governmental organizations, academics, and
civil society should severely appraise the responsibility
of the private sector in NCDs prevention and control to
prevent harm caused by unhealthy commodity
industries in public regulation and market intervention
[68, 108, 109]. Indeed, alcohol, tobacco, ultra-
processed food and drinks industries should not have
any role in creating national or international policy for
NCDs policy [108].

CONCLUSIONS

Addressing issues related to adolescent pregnancy
and obesity, concurrently, by establishing healthy
behaviors among today-adolescents may reduce
adverse pregnancy-conditions with the potential of
improving the future generations’ health. However, it
still represents a very public health challenge to be
solved as it goes beyond biology, that is beyond being
pregnant obese teenagers. Physical (nutritional,
ecological) and psychological environments are indeed
powerfully involved. In particular, persistent obesogenic
environments oppose efforts to facilitate weight loss
and prevent weight regain. It must be very clear that to
achieve sustainable permanent solutions in the real
world, strong efforts of healthcare providers, the
community, and public health endeavors must be
oriented mostly towards guaranteeing healthy
environments. This implies that for changes in
adolescents' behavior to become effective, politics and
food marketing industries are required to be retained in
the overall attempt to face these challenges.
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