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Abstract: The adolescent period is associated with changes in eating and activity behaviors
in girls. Less reliance on parental provision and choice of food, coupled with a decrease in
participation in physical activity and sport, can create an energy imbalance, predisposing to
weight gain. Physiological alterations to body composition, reduction in insulin sensitivity,
and psychological adjustments may further amplify the risk of becoming overweight and
maintaining an unhealthy level of body fat into childbearing years. During pregnancy excess
body fat is a risk factor for poor pregnancy outcomes and may predispose an infant to a
lifelong heightened risk of being overweight and developing chronic disease. Interventions
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aimed at preventing the accumulation of body fat in adolescent girls and young women may
have far reaching impact and be critically important in reducing intergenerational weight
gain. Lifestyle interventions in adolescence have the potential to modify adult obesity risk
by switching at-risk individuals from a high to lower obesity risk trajectory. This paper
discusses multiple approaches to assist at-risk individuals reduce obesity risk. A key focus
is placed on engagement in food preparation and choice, and opportunities for physical
activity and sport. Support, education, and opportunity at home and at school, are often
associated with the success of lifestyle interventions, and may enable adolescents to make
positive choices, and engage in health promoting behaviors during adolescence and
childbearing years.
Keywords: adolescence; girls; growth; nutrition; obesity; physical activity; pregnancy

1. Introduction: Adolescence, a Critical Period to Modify Obesity Risk
Understanding the links between female adolescent development, weight gain, subsequent maternal
obesity, and adverse pregnancy outcomes is critical if we are to improve the health of future generations.
Excess weight gain during adolescence often persists into adult life and is compounded during
childbearing years. Adolescence is a “high-risk period” for weight gain, characterized by critical changes in
body composition, insulin sensitivity, eating and activity behaviors, and psychological adjustments [1–3].
Excess weight gain during this key transitional period places an adolescent girl at increased risk of
maintaining unhealthy levels of body fat in childbearing years. As adolescence is a time of
developmental plasticity [4,5] in which lifelong habits can become established, lifestyle interventions
during this period may have a significant influence on lifelong health. Specifically, the promotion of
sensible eating and physical activity during adolescence may modify an adolescent’s risk of adult
obesity [1,6].
Obesity is a major and complex health issue throughout the developed world, with an estimated threefifths of Australian adults overweight or obese [7]. Treatment of obesity is complex and costly, and can
involve various weight management options including behavioral, pharmacologic, and surgical
interventions. The adolescent period represents an important window of opportunity for lifestyle
intervention to prevent and manage longer term body fat accumulation [1,6].
Participation in physical activity and sport, both in and out of school, decreases during adolescence,
particularly for girls [8]. Diet also undergoes significant changes [9] in many individuals consistent with
the development of greater autonomy over food intake. Changes in body size, shape, and composition during
the pubertal and adolescent periods may trigger body dissatisfaction and unhealthy eating and weight
control practices, such as skipping meals, severely restricting intake of carbohydrate, protein or dairy
foods, laxative use and smoking [10,11]. Promoting healthy lifestyle behaviors, such as physical activity
and exercise, along with healthy dietary choices, could modify obesity risk and improve the health of
future generations [12]. The identification of effective methods of intervention at this time may reduce
the cycle of intergenerational weight gain, as offspring born to healthy-weight mothers have less risk of
becoming overweight and developing chronic diseases later in life [12].
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Adolescence can also be a challenging time for individuals, their families, and health professionals
involved in their support and care. It is also a time that focused interventions may have a far-reaching
impact in terms of future disease risk and fetal health. The aim of this review is to discuss the important
physiological, behavioral, and psychosocial changes that occur during adolescence that may increase the
risk of carrying excess weight into childbearing years, and to consider promising approaches to assist atrisk individuals.
2. Physiological, Behavioral and Psychosocial Changes during Adolescence
2.1. Physiological Changes during Adolescence
The adolescent body undergoes reproductive maturation and physical growth during the transition to
adulthood. Alterations to hormones, glucose metabolism, and insulin resistance occur along with
changes in body shape and composition [2] at a speed that is often bewildering to the individuals in
which this is happening. For many adolescents, becoming comfortable with their bodily changes is
challenging [13,14], and they may experience feelings of awkwardness.
The body shape of the adolescent girl transforms from immature child to mature adult. Changes in
shape are highly variable with normal growth and development complicated by early and late patterns
of maturation. Typically, the average female matures 18 months to 2 years earlier than her male
counterpart [2] and females accumulate a much greater percentage of fat, and less fat-free mass than
males [15]. Early maturing girls can attain peak height and weight, and develop adult levels of adiposity
and lean body mass, by approximately 12 years of age [12,16]. Body composition changes for all
adolescent girls include alterations in both the quantity and distribution of body fat [17]. Typically, fat
deposition aggregates around the hips [15,17] consistent with a wider pelvic structure and breasts, with
physical alterations triggered by changing levels of estrogen, testosterone, and growth hormone, along with
an increase in the number and size of adipocytes [18]. It is difficult to determine normal weight gain
during this transitional period, however, as marked changes in body composition occur, and some
adolescents have an increased risk of overweight and obesity [19–21]. Early onset of menarche is
associated with greater risk of obesity [12,16,22,23] as is the case for pre-pubertal obesity [24,25]. In
contrast, particularly for those who are physically active and consume a healthy diet, the adolescent period
may present an opportunity to outgrow unhealthy excess pre-pubertal body fat.
2.1.1. Potential Implications of Excess Body Fat Accumulation in Adolescence
Excess body fat during adolescence contributes to a greater health risk in adolescence and adulthood,
particularly in childbearing years when excess weight can lead to poor pregnancy outcomes [12].
Obese adolescents who remain obese as adults, also have an increased risk of developing chronic diseases
later in life [26]. It is therefore of critical importance that this developmental transition is managed well by
young girls, their parents, and health practitioners [27].
Adolescent growth has also been linked with a substantial reduction in insulin sensitivity that may be
exaggerated in the presence of excess body fat accumulation [28–31]. An increase in growth hormone
may be, at least in part, responsible for this reduction, but the exact pathway remains uncertain [1]. The
reduction in insulin sensitivity is preceded by high levels of plasma insulin in adolescence, leading some
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researchers [32] to hypothesize that this may be a factor in the onset of menarche. Although a decrease
in insulin sensitivity is a normal occurrence during adolescence [1], the maintenance of decreased insulin
sensitivity into childbearing years is likely to be dependent on lifestyle factors and body composition.
Decreased insulin sensitivity during childbearing years is associated with inappropriate gestational
weight gain and poor pregnancy-related outcomes, as well as longer-term risk of chronic disease for both
mother and child [33]. Sensible eating and physical activity through adolescence should increase insulin
sensitivity and discourage excessive accumulation of body fat [34], thereby improving pregnancy
outcomes. Ultimately, a successful intervention in adolescence that improves health may prevent the
development of obesity, reduce the risk of gestational diabetes mellitus, pre-eclampsia, and back pain in
pregnancy, and increase the chances of delivering a healthy infant [12,35].
2.1.2. Measuring Physiological Changes in Adolescence
The body mass index (BMI) adjusted for age and sex (Adj-BMI) is an accepted ratio of weight to
height in adolescence, correlates well with adiposity [36] and is preferred over weight-for-age or weightfor-height comparisons [36]. The Adj-BMI is determined by calculating BMI (weight/height2) and
mapping the adolescent’s weight and height against an appropriate BMI chart adjusted for the age and
sex. As BMI and patterns of growth differ between adolescents, clinical judgment is also required when
an adolescent is close to the centile cut-offs that correspond to the “overweight” and “obese”
classifications [36]. Adj-BMI > 85th percentile indicates an adolescent may be overweight,
and >95–97th percentile (depending on the growth chart selected), indicates obesity. The specificity of
BMI centiles may be reduced in the presence of a broader bone structure or increased muscle mass,
the latter often observed in athletes. Growth spurts may also temporarily reduce BMI centiles,
if growth precedes other aspects of development. The same chart should be used to track growth over
time and monitor BMI increases or percentile crossing [36]. An alternative approach to monitoring
relative weight in adolescence, the “waist-to-height ratio” (WHtR), does not rely on reference growth
charts and correlates well with cardio-metabolic risk factors [37]. However, this approach is not widely
used due to limited data on its accuracy [36].
2.2. Behavioral Changes during Adolescence
In recent decades, dramatic increases in the prevalence of childhood and adolescent overweight
and obesity have occurred in tandem with reductions in habitual physical activity and exercise,
and the availability of energy-dense foods. The growing years have traditionally been considered
“critical” or “sensitive” periods when the risk of onset, complications or persistence of overweight and
obesity is potentially increased [38]. Such periods include adolescence when changes in growth,
development and maturation can be rapid. Similarly important transition periods are from high school
to higher education, or from school into the workforce [39].
Eating, physical activity and sedentary behaviors have a long lasting impact on the physical health of
adolescents [40]. These behaviors, in isolation or combination, may lead to an imbalance between energy
intake and energy expenditure [41–43] and predispose an individual to underweight or overweight.
Nutrient deficiencies can also develop if the nutrient density of foods consumed is poor [44]. In
Westernized societies, a high energy intake (with a greater number of food items of poor nutrient density)
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and low level of physical activity (accompanied by a greater proportion of time being sedentary), are
areas of concern for overweight and obesity in adolescents [36].
2.2.1. Food Choice and Dietary Intake
Adolescence is also a time when food choice and dietary intake moves from being almost solely
determined by parents/guardians, to one where adolescents take greater responsibility for their dietary
choices. Consistent with greater control over dietary choice is the potential for changes in food
preference [3] driven by lifestyle, hormonal, social or environmental alterations [3]. Adolescence is
often associated with an increase in sleep duration which may impact eating routines and the regulation
of food intake [45]. Hormonal changes may be implicated in a preference for salty, sweet, or high fat
foods [46–48]. Dietary preferences of siblings and peers, television advertising and social marketing,
can also influence food choices [49,50]. These changes, coupled with the ready availability of
inexpensive foods and beverages high in calories and low in nutrients [51,52] can lead to replacement
of healthy foods with those high in fat and sugar. Such dietary changes may alter energy balance,
be less nutritious and limit the ability to meet micronutrient requirements [53].
2.2.2. Body Image and Unhealthy Weight Control Behaviors
During adolescence females become more aware of their body size and shape, and observational
research indicates that body satisfaction may decrease, especially in overweight girls [1,54]. For some,
this can lead to dieting and unhealthy weight control behaviors that may continue into adult life. Stigma,
bullying and discrimination related to body weight during adolescence can also increase the likelihood
of adolescent girls developing an eating disorder or obesity.
A recent study of adolescent eating behaviors found that adolescent girls were less likely to diet, binge
eat, and attempt to control their weight in unhealthy ways if their parents engaged in healthy eating rather
than weight-focused conversations [55], highlighting the importance of family in managing adolescent
eating habits. Focusing on conversations around healthy eating and being active instead of weight may
enable adolescents to indirectly reduce adiposity without the focus being on their body size or shape,
minimising the risk of developing an unhealthy body image or relationship with food.
2.2.3. Sedentary Behaviors and Physical Activity
Physical activity is important for healthy growth and development across childhood and adolescence.
Participation in regular physical activity is essential for normal motor development, including the
acquisition of fundamental motor skills necessary for engagement in activities of daily living and sportsspecific tasks [56,57]. The well-documented health benefits of physical activity for young people include
improved body composition and the prevention of overweight and obesity; plus benefits for skeletal,
cardiovascular and psychological health [58,59]. In contrast, low levels of physical activity and a
predisposition to sedentary behaviors are consistent with an early exposure to adult-onset health
conditions [60–62]. Sadly, too many children and adolescents, and young girls in particular, are not
sufficiently active to maximize health benefits. Inappropriate levels of physical activity and poor eating
habits are major determinants of obesity in childhood. If this scenario straddles the pubertal barrier into
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adolescence, a vicious cycle of limited physical activity experiences, sedentary behaviors and poor eating
habits is perpetuated [63].
Sedentary time has been shown to increase in adolescence [64]. Greater sedentary time is associated
with poorer metabolic health and may be linked to obesity development in adolescents [65‒67].
Being less active may increase the risk of gaining excess body fat or reduce the likelihood of an
overweight female adolescent outgrowing adiposity during the transition to adulthood. Many
environmental factors may predispose adolescents to greater sedentary behaviors, such as increased
television screen time [67,68], greater interest in personal communication platforms and the
internet [68], less active modes of transportation to and from school and heightened awareness of
personal security [69].
Participation in physical activity and sport is known to decrease in adolescent girls [70,71].
This decrease is thought to coincide with the onset of menarche. Girls who have been active children
and enjoyed participating in sports commonly become less active adolescents. Research has shown
common reasons for decreased participation in sport include negative experiences undertaking physical
activity at school, a perceived lack of personal ability or perceived lack of sports ability acknowledgement
from teachers and greater focus on other non-sport interests [71]. Negative experiences of undertaking
physical activity at school may be related to the physical changes females experience with their bodies
during adolescence [72] and the psychosocial aspects of these changes; such as embarrassment and
uncomfortable feelings about the changes their bodies are undergoing, worrying about the appearance
of their bodies in sports gear or the potential for clothing to become dislodged during physical activity,
and not wanting to change in front of people.
Girls often partake in sports such as dancing and gymnastics that have a competitive time frame after
which many individuals cease to participate if they are not competitive at a regional or national level.
Giving up this type of sport is often not mandated by sports coaches or organizations, but may be
influenced by sports coaches focusing more on individuals whom they deem to be more competitive
leaving other individuals feeling there is little reward to continuing to participate. Incidental and lunch
time physical activity and sports may also decrease as adolescent girls become more interested in the
social aspects of school and life, and more aware of male adolescents. Lunch and after school time may
be spent socializing with friends, rather than playing games on the school sports field.
Environmental changes may also impact a female’s sport and activity levels. Urbanization, technology
such as cell phones and the internet, and increased use of automated transport may all be factors which
impact the amount of physical activity and exercise undertaken by adolescent girls. Community access
to recreation facilities, transition from primary to secondary school and the cost of sports and recreation
activities may also impact a parent or guardians decision to encourage their children to continue activities
through the adolescent year [73].
2.3. Psychosocial Changes during Adolescence
In addition to physical changes, psychological and cognitive maturation, and shifts in understanding
social roles are characteristic of the transition to adolescence. Cognitive fluctuations in IQ and executive
function reflect neuronal reorganization and re-wiring, a protracted process that continues into young
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adulthood [74]. A psychological mechanism through which self-regulation modifies obesity risk may be
the formation of identity during adolescence.
2.3.1. Executive Function and Self-Regulatory Skills
Executive function underpins behavioral self-regulation. Therefore, it is not surprising that difficulties
in executive function in adolescence are associated with obesity [75], dietary restraint and disinhibited
eating in obese adolescents [76]. Thus, it is possible that bolstering self-regulatory capacity leading
into adolescence may be prophylactic for obesity, a notion for which there is some empirical
support [77–79]. It is certainly the case that children raised in physically, socially, and intellectually
supportive environments tend to have better executive function [80]. Furthermore, parenting style, a
critical component in the provision of such an environment, may also contribute independently to obesity
risk. For example, children of authoritarian (low acceptance—highly controlling) and disengaged (low
acceptance—low controlling) parents are at a greater risk of obesity compared to authoritative parents
(high acceptance—high controlling) in the transition from adolescence to young adulthood [81]. These
data suggest the provision of a coherent and supportive framework with clearly defined boundaries in
the family setting is crucial to the development of self-regulatory skills in adolescence, and that one
manifestation of these skills is self-regulation of a healthy diet.
2.3.2. Identity Formation and Cultivation of Healthy Behaviors
Development of self-regulatory capacity is associated with identity development [82]. Although current
research is limited, there is good reason to think a relationship between these factors contributes to
adolescents identifying as “healthy eaters” or as “exercisers”. According to Identity Theory [83],
identity adoption and identity-congruent behavior are highly correlated, a hypothesis that has empirical
support [84,85]. Familial support appears to be crucial during adolescence in fostering this sense of
identity. Complete independence is still a future prospect for most adolescents and guidance received
from parents can influence the way adolescents perceive themselves [86]. However, conflict between
parental ideals, desire to be accepted by peers, and an adolescent’s sense of their emerging identity can
create intra and inter personal tension and conflict that may exacerbate behaviors associated with health
risks [86]. Thus, family and peer relationships are a nexus around which psychological factors that
predispose to obesity risk, such as identity development, may be moderated particularly as adolescents
move into adulthood.
Cultivating healthy behaviors during adolescence may increase the potential for healthy habits in
adulthood. For example, healthy dietary habits modeled in the home have been shown to persist when
children move out [87]. This relationship between habit formation and the early establishment of healthy
behaviors has been and remains an active area of research [88]. Furthermore, these habits
are likely to be bound to an individual’s identity [85] particularly if identity strength is high [89].
Taken together, the research suggests that family settings are highly influential for the formation of
adolescent identity. This identity is likely to be congruent with a suite of behaviors, which if cultivated,
are likely to become habits. Continuity between healthy behavior in adolescence and adulthood has
received empirical support suggesting healthy habits are resilient to the turbulence of adolescence.
Extrapolating these findings along the developmental trajectory, and in light of evidence from research
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into the developmental origins of health and disease (DOHaD) hypothesis, healthy habits may be
trans-generational, with carry-over benefits accruing to subsequent generations through the transmission
of healthy habits to offspring [12]. Thus, disclosing differential levels of risk in adolescent girls (see
Figure 1), and intervening to assist in the development of positive and healthy identity formation, is an
essential strategy with the potential to improve the future health of young mothers and babies.

Figure 1. Obesity risk trajectories for adolescents: (A) Normal weight individual,
BMI increasing, obesity risk increasing; (B) Overweight individual with stable BMI,
high obesity risk; (C) Normal weight individual with stable BMI, low obesity risk;
(D) Overweight individual, BMI decreasing, obesity risk decreasing. Obesity risk may be
improved by lifestyle interventions that assist in switching individuals from trajectories A
and B to trajectory D.
3. Approaches to Assist At-Risk Individuals Reduce Obesity Risk
Interventions in adolescence have the potential to modify adult obesity risk by switching at-risk
individuals from a high to lower obesity risk trajectory (Figure 1) [12,90,91]. Multicomponent lifestyle
interventions including a combination of diet, physical activity, and other behavioral strategies,
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are likely to be the most successful [36]. Interventions in early adolescence may be more effective than
later interventions. As many women struggle to implement healthy eating and lifestyle behaviors when
trying to conceive or during pregnancy [92], there may be merit in encouraging adolescents to establish
healthier behaviors so key concepts are more familiar, and easier to implement during pregnancy [12].
Long-term prospective cohort studies are also warranted to identify if such interventions during
adolescence can help girls establish healthy eating and lifestyle behaviors and enable the achievement
of a more optimal health status during childbearing years [12].
3.1. Individual vs. Family Approaches
Evidence suggests there should be a focus on the health behaviors of the whole family rather than the
weight of an individual child or adolescent [36,93–95]. This is consistent with a supportive and
collaborative home environment assisting in the prevention of obesity and the adoption of healthy eating
and activity behaviors in adolescent girls [96]. Providing opportunities to cook and prepare food, and
undertake a wide range of outdoor activities, may help to create a more stable, happy and healthy
family [97,98], and develop healthy behaviors to carry into young adulthood and later life.
The stage of maturity, age, and preferences of an adolescent girl should be considered when deciding
what types of activities might be appropriate, and the level of family involvement required.
Some adolescents may prefer to join sports groups, or undertake activities with friends, rather than spend
time with family members. However, seeing other family members engaging in healthy lifestyle
behaviors may help the adolescent feel supported rather than isolated or singled out as individuals
needing to make more effort than the rest of the household [25]. Changes in parental behavior and weight
have also been linked to successful weight loss in adolescents [99]. This is consistent with the notion of
the value of family- rather than an individual-based approaches to behavior change [99]. General
practitioners can also play an important role in healthy development, and should regularly engage in
conversations around healthy eating and physical activity with adolescents and their parents [100].
In summary, evidence for supportive families and the link between parental-child discussions around
weight and dieting or eating disorders [55], suggests family-centered behavior interventions focusing on
healthy eating and physical activity can positively influence adolescent weight status, and minimize the
risk of developing an unhealthy relationship with food, or poor body image. Focus groups conducted
with adolescent girls have identified that both girls and their parents prefer health focused behavior
change strategies as opposed to focusing specifically on the adolescent’s weight [101].
3.2. Nutrition
Sensible eating should be encouraged in adolescence to ensure optimal health, while dieting to lose
weight should be avoided as this may disrupt eating patterns leading girls to restrict certain foods and
eat in response to emotional rather than hunger cues [102]. A female adolescent requires adequate energy
(kilojoules/calories) and nutrients to enable normal growth and development [53]. To meet nutritional
requirements and avoid excess weight gain, a healthy dietary pattern consisting of fruit, vegetables,
whole grains, lean meat, or alternative protein sources and dairy products, needs to be consumed; high
fat, high sugar foods should be minimized [36,53]. It is especially important that inactive adolescents,
those undertaking less physical activity than recommended, avoid high fat, high sugar foods. In
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adolescents who undertake large amounts of physical activity, energy requirements will be higher, and such
individuals may need to increase their intake of healthy food accordingly. Provision of adequate calories
for growth can be monitored by tracking physical changes and body composition. To minimize unhealthy
weight gain, a reduction in calories and/or an increase in physical activity may be required [36]. Any
reduction in energy intake should start with minimizing high fat, high sugar foods (such as convenience
and takeaway foods, cakes and sweets, packaged snack foods, and sweetened beverages) and increasing
intake of fruit, vegetables, whole grains, and low-fat dairy products.
Adolescents require a balanced intake of protein, fat, and carbohydrates [53] and overconsumption of
one or more macronutrients may contribute to weight gain. In Australia, energy intake in
10–15 year-old girls increased by 11% between 1985 and 1995 (+900 kilojoules per day) [103]. Australia
also now has one of the highest adolescent obesity rates in the world [104]. In order to normalise energy
intake, prevent weight gain, and optimise nutrition for chronic disease prevention, complex food
modelling was undertaken by the Australian Health and Medical Research Council in 2013 [105], to
identify the key constituents of dietary patterns associated with decreased morbidity and mortality, such
as the Mediterranean diet [106]. As dietary patterns differ amongst the numerous cultures within
Australia and other western countries, this approach enables the promotion of healthful eating patterns
within many different cultural food practices [53]. These guidelines suggest that adolescents and young
adults may benefit from a balanced diet that has 15%–25% of dietary energy from protein, 25%–35% of
dietary energy from fat and 45%–65% of dietary energy from carbohydrate. This macronutrient profile
enables a high diet quality score, similar to that observed in a Mediterranean diet, and the inclusion of
sufficient amounts of vegetables, fruit, whole grains, poultry, fish, and reduced fat dairy products to meet
vitamin and mineral requirements [53]. Protein recommendations can easily be achieved by including
protein-rich foods such as lean meat, fish, eggs, or legumes at lunch and dinner, and low-fat dairy
products with meals or as drinks and snacks [53]. To meet the dietary fat recommendations, only a small
amount of added fat may be required (two-three teaspoons (tsp) per day) as fat is present in many other
foods. Added fats should be predominantly mono- and poly-unsaturated, and this amount should include
oil used in cooking, spreads such as butter, margarine, and peanut butter (two tsp is equivalent to one tsp
fat), and fat from nuts, seeds, and avocado (four almonds, two walnuts, or two slices of avocado are each
equivalent to one tsp fat) [53]. Carbohydrate can be achieved by consuming cereal or toast at breakfast,
and lunch and dinner meals including a fist-sized serve of either rice, pasta, couscous, quinoa, or
wholegrain bread [53]. A practical way to meet food group recommendations is to think about the foods
served up for lunch and dinner. Carbohydrate-rich foods should comprise ⅓ of a meal, protein the other
⅓, and vegetables the remainder. Plate size is also a consideration, and a helpful strategy for parents may
be to purchase smaller dinner plates [107]. It is also important to ensure adequate fiber and calcium
intake, as these are not only essential nutrients for healthy gut function and bone metabolism,
but also assist with the maintenance of a healthy weight [26]. Choosing wholegrain carbohydrates and
consuming five serves of vegetables (½ cup cooked vegetables or one cup salad is equivalent to
one serve), and two of fruit per day will ensure adequate fiber. Dairy is the main source of dietary
calcium, and female adolescents require 3½ serves per day (one cup of milk, ¾ cup of yogurt,
or two slices of cheese are equivalent to one serve) [53].
Evidence from clinical studies shows that protein at breakfast may help adolescent girls maintain a
healthy body weight [108] by contributing to less hunger and an increased feeling of “fullness”
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throughout the day [108]. Feeling of fullness was greatest for those who consumed a high protein
breakfast (35 g of protein), and girls who consumed a normal protein, high carbohydrate breakfast
(13 g of protein), reported increased “fullness” compared to the breakfast-skipping arm. These data
support the consumption of high protein foods such as egg and meat at breakfast to assist adolescent
girls develop a healthy eating pattern that increases satiety, decreases appetite, and reduces snacking on
high fat foods.
Diet quality during adolescence may also have major implications for body weight, body composition,
and chronic disease during adult life including the development of obesity, metabolic syndrome,
and co-morbidities such as diabetes, hypertension, and cardiovascular disease [1,109]. A diet high in
energy and low in nutrients during adolescence may lead to higher levels of body fat, especially in the
presence of low levels of physical activity [110,111]. As an adolescent’s body undergoes physical and
metabolic changes, including a period of decreased insulin sensitivity, healthy eating is paramount to
ensure excess body fat does not accumulate, aggravate insulin resistance, and predispose to a
sub-optimal environment for fetal development, should the woman become pregnant [28,112].
Appropriate healthy eating and exercise interventions in children and adolescents can lead to weight loss
and an improvement in triglyceride and low density lipoprotein levels [110] plus favorable changes in
high density lipoprotein levels, fasting glucose, and insulin [110]. Such changes may favorably influence
the weight, body composition, and metabolic profile of adolescent girls, predisposing them to a healthier
adult weight and body composition and improving their chances of giving birth to healthy offspring.
During adolescence, many girls increase their self-selection of food rather than eating all meals
provided in the home. Whenever possible, parents should engage adolescent girls in food shopping,
cooking, and meal planning, to maximize their development of both nutritional knowledge and food
skills. The establishment of healthy eating routines in the home, including sitting down to meals as a
family and turning the television off at meal times is very important [36] with girls being more likely to
connect eating with their nutritional requirement for food, and recognize the sensations of hunger and
satiety. Family meals have also been associated with higher diet quality scores and the development of
a supportive family environment [26].
3.3. Physical Activity
A coordinated approach to the prevention and/or management of overweight and obesity through
increased physical activity in adolescence would more likely influence the knowledge, attitudes and
behaviors of adolescents as young parents. Healthier pregnancies in turn are consistent with improved
health outcomes for offspring. Infants and young children depend on responsible adults for guidance
therefore all adults should be role models for acceptable eating and activity behaviors commencing from
a young age.
In relation to the current obesity epidemic, Olshansky et al. [113] have suggested that “the youth of
today may, on average, live less healthy and possibly even shorter lives than their parents”. To ameliorate
this problem, and maximize the benefits from physical activity and exercise in the context of body
composition and weight management, greater emphasis is needed to match public health physical
activity promotion strategies with individual needs, including optimizing exercise prescription.
Increasing knowledge and understanding of benefits, plus encouraging enjoyment in physical activity,
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is consistent with increased individual responsibility for activity participation and health more broadly.
An optimal scenario would be to prevent the progression or development of overweight and obesity in
adolescents ahead of the adult years [61,114,115].
Critical periods of growth and development may be the most important times for increasing activity
opportunities, particularly as activity levels decline rapidly in many adolescent girls. As physical activity
participation likely tracks across the growing years and into adulthood [116], exposure to active play
opportunities should commence early in life and physical activity should continue to evolve, and be
promoted throughout the growing years. As the decline in adolescent physical activity is greater in girls
interventions may be more effective if they specifically target girls alone, and there is some data to
support this notion [117]. Physical activity interventions targeting the early adolescent period, delivered
in school based settings, and addressing both physical activity and sedentary behaviors have also been
found to have greater trends towards success in adolescent girls [117].
There are a number of published reports of school-based trials showing promising results for
increasing physical activity in adolescent girls. A multi-center cluster randomized controlled trial of
school based physical activity for 90 min from 4–5.30 pm on two weekdays and 150 min on a Saturday,
vs. no intervention reported a significant reduction in adiposity and improvements in cardiometabolic
health for Spanish girls aged 8–10 years [118]. A study in the United States reported that hours of
physical education were positively linked to physical education enjoyment, and physical activity score,
and physical education enjoyment was positively linked to use of active transport to school [119]. A
Finnish study reported physical activity at recess was correlated with more positive peer relationships
and peer support [120]. These studies demonstrate that school based physical activity opportunities and
interventions can positively influence adolescent girl’s relationship with physical activity and may also
enhance psychological wellbeing. An additional advantage of school-based interventions is the reduced
emphasis on individual accountability, and greater emphasis on the roles of schools to provide appropriate
opportunities and create supportive environments for physical activity.
As neighborhood environment can also encourage or discourage physical activity this may be a target
area to passively encourage greater physical activity of resident adolescents. Access to safe environments
with interesting places and things that adolescent girls like has been correlated with increased physical
activity levels [121]. Targeting lower income areas that have fewer parks and facilities for
redevelopment investment may assist in providing a safer and more enjoyable environment for
adolescent girls.
3.4. Sleep Duration
Hours of sleep during adolescence have been inversely correlated with weight gain, with stronger
associations observed in those who are already significantly overweight. A study of U.S. adolescents,
between grades nine and twelve, found those who slept for longer each night gained less weight than
those with a similar BMI. An increase in sleep from 7.5 to 10 h per day was associated with a 4%
reduction in the prevalence of overweight/obesity [122]. Increasing sleep duration may favourably
influence energy metabolism by altering the secretion of leptin and ghrelin [45], previous studies have
shown lower levels of leptin and higher levels of ghrelin with increasing sleep duration, and correlated
outcomes with BMI [45]. The effect on BMI may be mediated via a reduction in appetite and food
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intake [123] associated with alterations in appetite hormones. Other research has not shown changes
in leptin and ghrelin with sleep restriction, but instead an increase in reward driven food intake,
so it is possible that the correlations of shorter sleep duration with increasing weight may be due to
changes in brain signalling and food intake [124] rather than actual duration of sleep per se.
3.5. Promising Interventions
It has also been hypothesized that adolescence may be an appropriate time to educate adolescents
about DOHaD concepts [12]. Bay et al. utilized a school-based educational intervention to teach DOHaD
concepts to 11–14 year olds and assess if this initiative could improve understanding of DOHaD concepts
and facilitate discussion of these concepts within families [12]. The program operated across nine
schools in New Zealand, and found that the coursework increased knowledge of the link between dietary
intake in pregnancy and health of offspring in adulthood and also stimulated adolescents to engage in
discussions with their families about diet and lifestyle, and the DOHaD concepts they learned.
Good-quality evidence demonstrates that women who become pregnant at a healthy weight have a
lower risk of metabolic complications and assisted deliveries, and their infants have a reduced risk of
macrosomia, structural birth defects, perinatal death, obesity and chronic disease in childhood and
adolescence [33]. Diet and lifestyle interventions that tailor programs for activity and provide education
and support with nutrition can reduce weight in childhood and adolescence, and favorably influence the
weight, body composition and metabolic profile of adolescent girls [110]. Therefore, interventions that
target healthy lifestyle behaviors in adolescence hold promise for reducing the risk of pregnancy-related
complications [12]. To date, no published studies have intervened in adolescents and prospectively
followed participants into the childbearing years to examine outcomes. Studies are needed that
implement multicomponent lifestyle behavior interventions in adolescence and prospectively follow
participants to determine if the intervention resulted in an improvement in infant health outcomes.
Adolescent girls who develop severe obesity and co-morbidities and struggle to reduce body fat using
lifestyle and educational approaches may benefit from specialist pre-conception interventions [36] such as
a very low calorie diet, or as a last resort, bariatric surgery. Bariatric surgery interventions have been
found to reduce the risk of gestational diabetes mellitus, preeclampsia, and hypertension during
pregnancy, and infant risk of macrosomia in women who were previously obese [125]. Such specialist
approaches should only be used post-puberty, when the requirements for growth and development would
not be compromised [36]. Interventions require specialist weight management services including
medical consultant, dietitian, exercise physiologist and psychologist.
3.6. Sustainability
Sustainability is a key part of any intervention or strategy to improve population health [126].
Lifestyle interventions must be achievable and sustainable over the longer term if a long term health
benefit is to be observed. Some previous school based interventions focusing on implementing healthy
eating and lifestyle concepts have been successful in achieving long term change towards a healthier
food and physical activity environment [126]. One key to sustainability is acceptance and “buy in” from
the target population. To achieve sustainability adolescent girls should be encouraged to engage and
have input into planned changes within schools to offer greater opportunities for physical activity, to
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ensure types of physical activity adolescent girls enjoy are made available. Girls could also be
encouraged to take an active role in improving the food environment within schools, providing input
into the types of food dishes they enjoy and would like to be available in the school cafeteria, and input
into the way that vegetables are prepared to make them more enjoyable and increase consumption.
Having adequate opportunities within schools for students to develop cooking and gardening skills may
also assist in raising awareness and interest in food preparation and healthy eating.
Interventions should focus on behavior change and the longer term, creating sustainable healthy
eating changes and improving the environment to enable more opportunities for physical activity,
not just at the present time, but also into the future. The greater the longer term focus on small
manageable longer term behaviour change and environmental improvement, opposed to a short term diet
and exercise regimes, the greater the likelihood of sustainability.
4. Future Directions
The link between adolescent obesity, maternal obesity, and pregnancy-related health outcomes is still
to be firmly established. It is likely that the ideal management will be prevention, specifically prevention
of the transition of weight gain in adolescence to overweight in young adulthood and pregnancy. The
rise in obesity in pregnancy, childhood, and adolescence, coupled with the associated risk of chronic
conditions such as type 2 diabetes mellitus and cardiovascular disease, is setting the scene for a
significantly unhealthier population in the future, ever-increasing and unmanageable health care costs,
and potentially, premature death [127]. Adolescent girls should be a priority population for strategic
intervention as adolescence is a “window of opportunity” to reduce the incidence of being overweight
in pregnancy, and the burden of lifetime disease for a future mother and her children. Furthermore, as
many adolescent girls will become mothers and play a central role in food provision, access to physical
activity and sports, teaching cooking skills, and educating children about nutrition, should significantly
influence the risk of obesity and associated conditions.
Adolescent interventions to improve lifestyle behaviors should be designed to maximize impact and
minimize harm with a focus on lifestyle and behavior change, rather than weight as an outcome.
This is important to reduce the risk of negative self-esteem and unhealthy relationships with diet and
exercise. There may also be a role for interventions delivered by social media (Facebook, Twitter,
smartphones) in the provision of programs that focus on lifestyle change [128–130]. Multicomponent
interventions are likely to have the greatest impact, but will require significant planning and the
involvement of researchers, doctors, psychologists, dietitians, and exercise physiologists. Individual
clinicians treating and advising adolescents should encourage the development of a healthy diet,
increased activity and healthy sleep behaviors.
5. Conclusions
Provision of opportunities to adopt healthy eating and activity behaviors in adolescence may reduce
obesity risk and assist girls achieve a healthier body composition before they transition to childbearing
years. Engagement in food preparation and choice, and education around healthy eating can assist with
the adoption of healthier eating habits, and may have an impact on an individual’s food choice during
pregnancy, and later life. Providing opportunities for engagement in physical activity and sport, to an
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individual and as a family, will decrease sedentary time, optimise metabolic health and reduce the risk
of weight gain. Education and opportunities provided concurrently at home and school, involving family,
and encouraging the development of sibling and peer support for healthy eating and activity behaviors
are likely to have the greatest impact. Reducing the obesity risk trajectory of adolescent girls has the
potential to improve pregnancy outcomes and optimise the health of future generations.
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