
ADOLESCENT HEALTH & NUTRITION
Topic Overview



Adolescent Health & Nutrition: Cause for Concern
Adolescence is a transitional stage from childhood into adulthood 
distinguished by physical and psychological changes occurring 
between the ages of 9-19 years – sometimes divided into the 
tween (9-12 years) and teen years (13-19 years). The adolescent 
life stage is a time for a child to grow into an adult physically, 
psychologically and socially – developing the independence, 
confidence and agency to establish a unique identity and purpose.

Due to the tremendous rate of growth and development 
occurring throughout this life stage, nutrition plays a critical role 

from both a short- and long-term health perspective – yet, diet 
quality and nutrient adequacy for tweens and teens in the U.S. 
are poor. Based on these measures, it is clear more research 
is needed to better understand the impact of nutrition on 
adolescent health. Additionally, developing comprehensive 
dietary guidance recognizing the challenges and preferences 
unique to this life stage could facilitate e�ective education and 
intervention for this population.

• Adolescence is a unique and complex life stage 
characterized by an increased rate of physical and 
cognitive growth and development. Social, emotional 
and mental challenges a�ecting eating behaviors, food 
choices and diet quality occur simultaneously and are 
often impacted by factors like social media and peer 
pressure, desire for greater autonomy, foodand nutrition 
literacy issues and broader societal uncertainty.

• Adolescence is an important time for establishing an 
individual’s lifelong health habits including food 
anddietary choices and physical activity in conjunction 
with the development of self-confidence, healthy body 
image and overall self-esteem. Establishing good habits 
during adolescence contributes to both short- and 
long-term health.

• Public health guidance like the 2020-2025 Dietary 
Guidelinesfor Americans (DGA) recognizes adolescence 
as a critical period for growth and development, while 
also acknowledging it as a life stage where nutrient 
adequacy and diet quality decline.

• This most recent DGA notes under-consumed nutrients 
of public health relevance a�ecting adolescent health 
include iron, protein, folate, vitamin B6, vitamin B12 and 
phosphorus for female adolescents and phosphorus for 
male adolescents; these are in addition to potassium, 
dietary fiber, calcium, vitamin D, choline, magnesium, and 
vitamins A, C, E and K noted as under-consumed 
nutrients of public health relevance for all Americans.

• The paucity of available data in the adolescent 
population highlights an urgent need for research in this 
age group to better understand the distinct and complex 
landscape of psychosocial, environmental and 
behavioral factors that impact dietary intake and nutrient 
adequacy in tweens and teens.        

Key Considerations
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Overall Growth and Development

The normal onset of puberty ranges from 8 -13 years in girls, 
and 9-14 years in boys.19 In girls, linear growth (i.e., height) is 
accompanied by a greater increase in body fat than in boys, 
and growth in boys is accompanied by a greater increase in 
lean body mass and blood volume than in girls. In contrast to 
other life stages, nutritional requirements during adolescence 
depend more on sexual maturity rating (i.e., Tanner staging) than 
on chronologic age.16,19 Importantly, nutritional needs during this 
time period are dramatically increased to properly support these 
significant growth trajectories.

Growth of Muscle Mass

During this time, muscle mass also increases, leading to amplified 
nutrient requirements including protein, amino acids and iron 
necessary for building skeletal muscle. Very few studies have 
evaluated the role of dietary behaviors and physical activity 
on skeletal muscle mass in adolescents,20 yet the overall 
understanding of human physiology suggests these play a key 
role in healthy development.

Although research in this area is limited, what exists has identified 
the extreme health outcomes. For example, a relatively newer 
health concern for children and adolescents is sarcopenia, which 
is more often associated with the older adult population. The 
etiology of pediatric sarcopenia is likely multifaceted, including 
nutrient inadequacy or malnutrition, physical inactivity and 
altered metabolic environments influencing skeletal muscle mass 

accumulation and function.21 More research is necessary to better 
understand the underlying physiological and lifestyle factors 
contributing to the development of pediatric sarcopenia, which 
is characterized by clinical outcomes such as decreased muscle 
strength, decreased mobility and function, increased fatigue and 
increased risk of falls and skeletal fractures.

Bone Health

Adolescence is a critical period for bone growth and metabolism 
with approximately 40-60% of peak bone mass accrued during 
this lifestage.16 Attention has focused on optimizing nutrition, 
primarily calcium and vitamin D, but also phosphorus and 
magnesium, to minimize bone loss later in life. Additionally, 
su�cient intake of protein and energy (calories) is critical to 
proper bone development. A positive correlation between 
protein intake and bone mass accrual has been demonstrated 
in children.22 Although genetics contribute up to 80% of the 
variance of bone mineral density, healthful eating and overall 
good nutrition help support achieving the full genetic potential 
for peak bone mass. On the other hand, poor diet and lack 
of balanced nutrition can result in lower peak bone mass, 
contributing to weaker bones and related health issues in 
adulthood.22

DID YOU KNOW?

On average, adolescents gain 15-20% of their final  
adult height, and 40-50% of their adult weight during 

this time period. Bone mass also increases by 40-60%. 
Inadequate nutrient intake can lead to delayed development 

and slowed linear growth.16,18

ACTIVE ADOLESCENTS
As opposed to their less-active peers, adolescent athletes 

have increased energy and nutrient requirements to 
support athletic performance. According to the Center for 

Disease Control (CDC), in 2020, more than half of 
adolescents age 12-17 years participated in sports in the 
previous 12 months.5 Given the strong evidence for the 

inverse association between muscular fitness and 
cardiometabolic risk factors in children and adolescents,12 
advocating for increased participation in physical activity 

and muscular fitness in this population is important for 
short- and long-term health goals.

Setting the Stage:  A Complex, Unique Life Stage 

Adolescence is a period of rapid change in physical growth and 
development in both the brain and body that is often impacted by 
emotional, social and mental challenges. Environmental factors like 
social media and peer pressures, desire for autonomy, food and 
nutrition literacy issues and broader societal uncertainty can a�ect 
dietary choices, eating behaviors and diet quality.6-11 Adolescence 
is also an important time to establish an individual’s lifelong health 
habits including a healthy relationship with food and physical 
activity and to develop self-esteem and a healthy body image.     
The World Health Organization and the American Academy of 
Pediatrics refer to adolescence as the period between the ages of 
10 and 19 years, though early adolescence can start sooner, and 
late adolescence can last into the early 20s.14 Without distinct 
observable starting and ending points, there is no consensus on 
a defined age range for adolescence.15

Second only to the first year of life, adolescence is the life stage 
with the most significant growth and development – including 
longitudinal growth (height) increasing by 20%, body weight 
doubling, nearly half of peak bone mass accruing, muscle mass 
rapidly increasing, blood volume expanding, internal organs like 
the heart, brain, lungs, liver and kidneys all increasing in size and 
pubertal and sexual maturation starting, including the onset of 
menstruation in adolescent girls.16 At the same time, the “second 
window of opportunity” which refers to the profound development 
and growth in the adolescent brain is also occurring.17
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Immune Function

Adequate nutrition is essential in the regulation of optimal 
immune response by providing sufficient fuel and nutrients to 
immune cells. Deficiencies in overall energy intake as well as in 
both macronutrients (such as dietary protein) and micronutrients 
(such as minerals like zinc and B vitamins) can lead to impaired 
production and activity of immune cells and antibodies.18

Cognitive Development and Performance

Although brain growth occurs rapidly in adolescence, the grey 
and white matter subcomponents continue to develop and 
mature into the mid- to late-20s. During adolescence, the cortical 
folding continues to allow the brain to become more complex 
and attain a larger surface area relative to brain volume.18 The 
biggest changes in the folds of the brain during adolescence 
occur in the parts of the cortex that process cognitive and 
emotional information.23 For example, there is a marked transition 
in style of thinking (such as concrete to abstract thinking) and 
cognitive control centers (such as increased self-regulation and 
less risk-taking) during adolescence.24

Poor diet quality and nutrient inadequacy may impair rapidly 
developing brain and cognitive functions, and low nutrient-quality 
diets may also contribute to lower academic achievement of 
children and adolescents.25

Psychosocial and 
Emotional Health

Pubertal sex hormones (such 
as estrogen, progesterone, and 
testosterone) and growth hormones 
are generally activated together 
to increase and prompt enhanced 
skeletal growth and sexual maturation, 
as well as mood regulation.26 Mood 
swings occur when the hormone levels 
are fluctuating, affecting regulation 
of serotonin, a neurotransmitter that 
contributes significantly to feelings of 
well-being and happiness.27

The average age of onset for anxiety and mood disorders is 
6 years and 13 years, respectively.28 Early intervention using 
strategies targeted at improving dietary intake on a population 
level may be of substantial public health benefit as a healthful 
diet providing essential nutrients may help regulate hormones 
and support mood stability.29 

Behavioral, Social and Environmental Pressures

The adolescent life stage is often distinguished by characteristic 
behaviors including a strong desire and drive for increased 
independence and autonomy, the urge to challenge existing 
values by engaging in risk-taking behaviors, a burgeoning 
relationship with body image, a search for self-identification the 
desire for peer acceptance and a need to conform with peers.16

With this increased desire for independence and autonomy and 
the increased influence of peers comes a decreased influence 
of parents and caregivers on various choices including those 
related to diet and food. During adolescence, more food is 
consumed outside of the home with preference increasing 
for convenience foods, snack foods and sugar-sweetened 
beverages – all of which tend to be less nutrient-dense and more 
energy-dense.

Disordered eating and eating disorders are a more extreme and 
troubling example of the confluence of behavioral, social and 
environmental factors impacting adolescent eating behaviors. 
Disordered eating sits on a spectrum between normal eating and 
an eating disorder and includes behaviors such as dieting, 
restrictive eating and compulsive eating. Dieting is one of the 
most common forms of disordered eating.30 Adolescents -- 
particularly adolescent girls who may be even more preoccupied 
with body shape, size and weight, in an attempt to exert 

control during this stage of such 
overwhelming growth and change — 
may choose restrictive eating patterns 
and behaviors, which may further 
exacerbate nutrition and nutrient 
adequacy concerns during this life 
stage. Disordered eating and eating 
disorders can result in medical and 
psychosocial consequences impacting 
short- and long-term health.

Research suggests the most common 
period for the onset of eating 
disorders is during the adolescent 

years.31,32 In a recent global analysis of disordered eating among 
63,181 children and adolescents, 22% reported disordered 
eating, with girls significantly more likely than boys (30% vs. 17%, 
respectively).33 Within the U.S., more than 50% of adolescent 
girls and nearly 40% of adolescent boys reported dieting and/or 
disordered eating behaviors to try and lose weight.34 Additionally, 
it is estimated that 5.7% of adolescent girls and 1.2% of adolescent 



boys have an eating disorder (as defined in DSM-IV: Diagnostic 
and Statistical Manual of Mental Disorders).16

Studies show that the development of eating disorders can be 
attributed to a complex combination of social and emotional 
influences including low self-esteem and intense societal/ family 
pressures.32 Common risk factors include gender (female), age 
(adolescence through early 20s), underlying mental health issues 
(anxiety, depression, obsessive compulsiveness), family history 
(including exposure to dieting or history of addiction), stress and 
participation in activities or interests like elite sports, dance or 
modeling which place high value on maintaining a certain body 
type.35

Evidence proposes that social media use can influence diet, 
food choices and eating behaviors which can, in turn, foster the 
development of disordered eating habits.36 Moreover, social 
media use can contribute to body-image concerns, idealization 
of certain body types, social comparisons using thin/fit ‘ideals’ 
and self-objectification. Adolescence is a time when thoughts and 
feelings surrounding physical appearance become much more 
relevant. The adoption of healthful dietary and physical activity 
patterns may reinforce the development of a more positive body 
image, provide outlets for dealing with increased pressures and 
contribute to improvements in self-confidence and self-esteem.

The State of Adolescent Diets

In general, U.S. adolescent diets are low quality and exceed 
recommendations for fat, saturated fat, and sodium due to the 
inclusion of energy-dense, high-caloric foods with little nutrient 
value.16 The Healthy Eating Index (HEI) score is a measure for diet 
quality that assesses the degree to which an individual’s dietary 
intake aligns or adheres to the dietary guidance and 
recommendations outlined in the Dietary Guidelines for 
Americans (DGA). An HEI score of 100 reflects the ideal dietary 
pattern and an HEI score of 80 represents a diet meeting the 
minimum federal guideline for “good” health. Current dietary 
intake data of adolescents indicates that their overall diet quality 
is poor (i.e., HEI score of 52 and 51 in adolescents ages 9-13 
years and 14-18 years, respectively). HEI scores decline 
throughout childhood and adolescence, with adolescents 
approximately 10 points lower than scores for young children.3

Currently, average diets of adolescent males (ages 12-19 years) 
are composed of 2299 kcal, 49% of calories from carbohydrates, 
15% from protein, and 37% from total fat, while average diets of 
adolescent girls (ages 12-19 years) are composed of 1812 kcal, 
50% of calories from carbohydrates, 14% from protein, and 37% 
from total fat.37

It is important to understand the growth and development 
occurring during adolescence and the resulting nutrient needs to 
best address the public health concern of inadequate adolescent 
nutrition.38 Dietary intake data, better understanding what foods 
adolescents consume and micronutrient biomarker data have 
been recognized as key data gaps.

Adolescence provides an important window of  
opportunity for influencing optimal growth and development 

and potentially reducing the risk of chronic diseases later 
in life. This life stage is also a period defined by nutrition 
vulnerability as population data indicate adolescents are 
susceptible to malnutrition. Most are not meeting dietary 

recommendations, contributing to the growing public  
health concern for this population. 

HABITS ESTABLISHED IN ADOLESCENCE
Establishing healthful dietary habits and patterns early in life has 

important implications for both short- and long-term health in addition to 
chronic disease prevention. The 2020 Dietary Guidelines for 

Americans notes that “suboptimal current intake patterns among 
children and adolescents and inadequate physical activity contribute to 

overweight and obesity in this life stage and risk of chronic disease 
(e.g., type 2 diabetes, cardiovascular disease) later in life. Changing this 
trajectory is crucial because dietary patterns established during this life 

stage tend to continue into adult years.”3

The Healthy Eating Index (HEI) is a measure of diet quality 
used to assess how well a set of foods aligns with key 
recommendations and  dietary patterns.3 



Adolescent Nutrient Inadequacy

The gap between current intakes and nutrient recommendations 
widens during adolescence, growing largest for those age 14-18 
years, putting older adolescents at increased risk of nutrient 
inadequacy.4

Based on evidence presented by the 2020 Dietary Guidelines 
Advisory Committee and subsequent DGA, under-consumed 
nutrients of public health relevance were recognized and 
categorized for all Americans, as well as by age/gender 
subpopulations. Nutrients of public health concern (nutrients 
under-consumed by 5% or more of the population with 
supporting evidence directly related to an adverse health 
outcome) and nutrients of public health challenge (nutrients 
under-consumed by 5% or more of the population but lack of 
adverse clinical and health outcomes measured) were reported 
for all Americans more than 2 years of age. Nutrients of public 
health concern for all Americans include calcium, dietary fiber, 
potassium and vitamin D; nutrients of public health challenge 
include choline, magnesium and vitamins A, C, E and K. 
Phosphorous is also a nutrient of public health challenge for 
adolescent males, while adolescent females are at even greater 
nutritional risk with iron added as a nutrient of public health 
concern, and folate, phosphorus, protein and vitamins B6 and B12 
as nutrients of public health challenge.

The DGA encourage consumption of nutrient-dense foods and 
beverages as a part of an overall healthful dietary pattern for 
all Americans, across all age groups. Nutrient-dense foods and 
beverages provide energy, macronutrients, vitamins, minerals 
and other health-promoting components with little added sugar, 
saturated fat and sodium. Examples of nutrient-dense foods 
include vegetables, fruits, whole grains, lean proteins, low-fat and 
non-fat dairy. Importantly, during adolescence, the low intake of 
nutrient-dense foods and beverages across all food groups leads 
to declining diet quality scores, which is further exacerbated 
by an increased intake of refined grains, sugar-sweetened 
beverages and added sugars. Furthermore, adolescent girls 
tend to consume less protein-rich, nutrient-dense foods like 
meat, poultry and eggs than do adolescent boys, contributing to 
adolescent girls’ underconsumption of total protein in addition to 
low dietary intakes of iron, folate, vitamin B6 and vitamin B12.

Life Stage Dynamics Impact Food Choices

Adolescence represents an important time for increasing 
autonomy and agency around food acquisition and consumption. 
Adolescent eating occasions span a variety of food environments 
and behaviors to include meals and snacks at home, school and 
commercial/retail settngs. Foods and beverages consumed at 
snack occasions account for a large proportion of adolescents’ 
overall diets.39 In fact, nearly 25% of adolescent energy intake is 
estimated to be consumed during snacking occasions.40 School-
age children and adolescents tend to snack more often in the 
evening and at night and from foods obtained and eaten outside 
the home.40

Approximately 1 out of 5 adolescents regularly skips 
breakfast.39,42 And those who eat fewer meals tend to snack 
more during the day.39 Interestingly, total snack frequency is 
positively associated with diet quality, while total snack size is 
inversely associated.41

It is estimated that adolescents consume 35-40% of their daily 
energy in schools from a combination of formal meal programs 
and a wide variety of foods brought into the school by students, 
parents, teachers and other staff.43 While adolescent participants 
in school lunch programs tend toward more nutritious lunch 
meals than those not consuming school lunches, overall diet 
quality is not different between these groups.44 Meals consumed 
at home with parental participation represent an important 
opportunity to improve adolescent diet quality with parental 
participation likely to improve dietary quality.42,45 Research shows 
that dietary quality improves following the establishment of 
regular family meals and the improvement 
is sustained during the next five years, when the adolescents 
become young adults.45

Female adolescents under-consume several nutrients, 
including iron (nutrient of public health concern) and  

protein, folate, vitamin B6, vitamin B12 and phosphorus 
(nutrients of public health challenge).4

The 2020-2025 DGA notes: “The potential for nutrient 
deficiencies in adolescence existing alongside 

underconsumption of nutrients of public health concern  
for all Americans creates a concerning constellation of 

nutritional risks at a time of rapid growth and development 
along with the onset of puberty, menarche, and hormonal 
changes.”3 In particular, for adolescent girls, inadequate 

intakes of calcium, potassium, dietary fiber, vitamin D, protein, 
iron, folate, vitamin B6, vitamin B12, phosphorus, magnesium 

and choline are noted.



Nutrition Research is Limited

It is important to note the lack of research on the adolescent 
population. Reports suggest that less than 1.5% of all 
randomized clinical trials include children and adolescents.46 
Limited nutrition research in the adolescent population exists on 
the following topics:

based (350 kcal, 13 g protein)) breakfast or continued breakfast 
skipping daily for 6 days a�ected their appetite, satiety, 
food motivation and reward, and evening snacking.51 Eating 
breakfast improved the appetitive, hormonal and neural signals 
that control food intake regulation, with the egg and beef 
breakfast having further beneficial changes in the signals, as 
well as reduced evening snacking.51 These data suggest a 
strategy such as eating high-protein meals may be useful to 
improve body composition, satiety, reduce food motivation 
and reward and improve diet quality in teenage girls with 
overweight or obesity.50,51  However, more research studies in 
this age group is greatly needed to better understand optimal 
strategy for healthy weight management in adolescents.

Call To Action 
There Is a Distinct Need to Support Research and Develop 

Evidence-Based Strategies Focused on Promoting 
Adolescent Health through Improved Nutrition.

Body Weight and Composition 
The combination of poor diet quality and a decrease in physical 
activity during adolescence can lead to a greater accumulation 
of body fat and body mass. Approximately 1 in 5 adolescents 
have obesity, and it is estimated that 80% of adolescents with 
obesity are at risk of remaining obese in adulthood.47 Obesity in 
childhood and adolescence may contribute to the development 
of many chronic diseases later in life, including cardiovascular 
disease, hypertension and metabolic syndrome. Additionally, 
research suggests that childhood obesity can impact one’s 
social and emotional well-being, self-esteem, quality of life, as 
well as academic performance.48 Although previous research in 
adults has demonstrated that higher-protein diets (1.2-1.6 g 
protein/kg/day) can improve appetite, satiety and body weight 
management (weight loss, fat mass loss, preservation of lean 
mass),49 compared to lower-protein diets, research is lacking in 
adolescents to show the same impact and/or consequences of 
this diet approach for this age group.

In the “Eat Smart Study”, changes in body weight and body 
composition were assessed in obese adolescents who followed 
either a low-carbohydrate or low-fat calorie-restricted diet, or a 
control diet for 12-weeks. Both the low-carbohydrate and low-fat 
groups had significantly lower BMI compared to the control 
group, with no di�erence between the two intervention diet 
groups. Both diets were high in protein content, 20% and 30% 
of total calories in the low-fat and the low-carbohydrate diets, 
respectively.50 In a randomized crossover clinical trial, 
researchers compared whether breakfast-skipping adolescent 
girls with overweight/obesity eating a high-protein (egg- and 
beef-rich (350 kcal, 35 g protein), a normal-protein (cereal-

Mental Health 
Little evidence exists that evaluates the relationship 
between dietary patterns or diet quality and mental health in 
adolescents. However, the available evidence appears to show 
consistent associations between unhealthy dietary patterns/ 
habits and poorer mental health in adolescents, though 
research does not demonstrate theinverse of healthy dietary 
patterns and improved mental health.52,53 Like many other areas 
of adolescent nutrition already mentioned, this area also needs 
more research.



References

1. 	 Analysis of nutrient contribution of beef sandwiches in the 
United States (NHANES 2013-2016). Unpublisheddata.

2. 	 Lau CS, Fulgoni VL, 3rd, Van Elswyk ME, McNeill SH. Trends 
in Beef Intake in the United States: Analysis of the National 
Health and Nutrition Examination Survey, 2001-2018. Nutrients 
2023; 15(11): 2475.

3. 	 U.S. Department of Agriculture and U.S. Department of Health 
and Human Services. 2020. Dietary Guidelines for Americans, 
2020-2025. 9th Edition. https://www.dietaryguidelines.gov/.

4. 	 Fulgoni K, Fulgoni VL. Beef Intake Is Associated with Higher 
Nutrient Intake and Nutrient Adequacy in U.S. Adolescents, 
NHANES 2001-2018. Nutrients 2023; 15(23): 4996.

5. 	 Black LI, Terlizzi EP, Vahratian A. 2022. Organized sports 
participation among children aged 6–17 ayears: United States, 
2020. NCHS data brief ; no. 441 https://dx.doi.org/10.15620/
cdc:119026.

6. 	 Kieling C, Baker-Henningham H, Belfer M, Conti G, Ertem I, 
Omigbodun O, Rohde LA, Srinath S, Ulkuer N, Rahman A. 
Child and adolescent mental health worldwide: evidence for 
action. Lancet 2011; 378(9801): 1515- 25.

7. 	 Cusatis DC, Shannon BM. Influences on adolescent eating 
behavior. J Adolesc Health 1996; 18(1): 27-34.

8. 	 Neufeld LM, Andrade EB, Ballonoff Suleiman A, Barker M, Beal 
T, Blum LS, Demmler KM, Dogra S, Hardy-Johnson P, Lahiri A, 
Larson N, Roberto CA, Rodríguez-Ramírez S, Sethi V, Shamah-
Levy T, Strömmer S, Tumilowicz A, Weller S, Zou Z. Food 
choice in transition: adolescent autonomy, agency, and the 
food environment. Lancet 2022; 399(10320): 185-97.

9. 	 Spear BA. Adolescent growth and development. J Am Diet 
Assoc 2002; 102(3 Suppl): S23-9.

10. 	Vaitkeviciute R, Ball LE, Harris N. The relationship between 
food literacy and dietary intake in adolescents: a systema tic 
review. Public Health Nutr 2015; 18(4): 649-58.

11. Viner RM, Ozer EM, Denny S, Marmot M, Resnick M, Fatusi A, 
Currie C. Adolescence and the social determinants of health. 
Lancet 2012; 379(9826): 1641-52.

12. 	Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum 
AD, Lubans DR. The health benefits of muscular fitness for 
children and adolescents: a systematic review and meta-
analysis. Sports Med 2014; 44(9): 1209-23.

13. 	Desbrow B. Youth Athlete Development and Nutrition. Sports 
Med 2021; 51(Suppl 1): 3-12.

14. 	Sawyer SM, Azzopardi PS, Wickremarathne D, Patton GC. The 
age of adolescence. Lancet Child Adolesc Health 2018; 2(3): 
223-28.

15. 	Hartley CA, Somerville LH. The neuroscience of adolescent 
decision-making. Curr Opin Behav Sci 2015; 5: 108-15.

16. 	American Academy of Pediatrics Committee on Nutrition, 
2019. Pediatric Nutrition, 8th Ed. Kleinman RE & Greer FR (Ed.) 
American Academy of Pediatrics, Itasca, IL.

17. 	 United Nations Children’s Fund (UNICEF), Office of Research 
- Innocenti, 2017. The Adolescent Brain: A Second indow of 
Opportunity.

18. 	Norris SA, Frongillo EA, Black MM, Dong Y, Fall C, Lampl M, 
Liese AD, Naguib M, Prentice A, Rochat T, Stephensen CB, 
Tinago CB, Ward KA, Wrottesley SV, Patton GC. Nutrition in 
adolescent growth and development. Lancet

2022; 399(10320): 172-84.

19. Emmanuel M, Bokor B. 2022. Tanner Stages. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK470280/.

20. Hao G, Pollock NK, Harris RA, Gutin B, Su S, Wang X. 
Associations between muscle mass, physical activity and 
dietary behaviour in adolescents. Pediatr Obes 2019; 14(3): 
e12471.

21. Mager DR, Hager A, Gilmour S. Challenges and physiological 
implications of sarcopenia in children and youth inhealth and 
disease. Curr Opin Clin Nutr Metab Care 2023; 26(6): 528-33.

22. International Osteoporosis Foundation. 2023. Nutrition 
in Children and Adolescents. https://www.osteoporosis.
foundation/health-professionals/prevention/nutrition-children-
and-adolescents.

23. Institute of Medicine, National Academy of Sciences, 1992. 
Discovering the Brain. S. Ackerman (Ed.) The National 
Academies Press, Washington, DC. https://doi.org/
doi:10.17226/1785.

24. Sturdevant MS, Spear BA. Adolescent psychosocial 
development. J Am Diet Assoc 2002; 102(3 Suppl): S30-1.

25. Naveed S, Lakka T, Haapala EA. An Overview on the 
Associations between Health Behaviors and Brain Health 
in Children and Adolescents with Special Reference to Diet 
Quality. Int J Environ Res Public Health 2020; 17(3). 12

26.	Das JK, Salam RA, Thornburg KL, Prentice AM, Campisi S, 
Lassi ZS, Koletzko B, Bhutta ZA. Nutrition in adolescents: 
physiology, metabolism, and nutritional needs. Ann N Y Acad 
Sci 2017; 1393(1): 21-33.

27.	Barth C, Villringer A, Sacher J. Sex hormones affect 
neurotransmitters and shape the adult female brain during 
hormonal transition periods. Front Neurosci 2015; 9: 37.

28.	Merikangas KR, He JP, Burstein M, Swanson SA, Avenevoli 
S, Cui L, Benjet C, Georgiades K, Swendsen J. Lifetime 
prevalence of mental disorders in U.S. adolescents: results 
from the National Comorbidity Survey Replication--Adolescent 
Supplement (NCS-A). J Am Acad Child Adolesc Psychiatry 
2010; 49(10): 980-9.

29. Huang Q, Liu H, Suzuki K, Ma S, Liu C. Linking What We Eat 
to Our Mood: A Review of Diet, Dietary Antioxidants, and 
Depression. Antioxidants (Basel) 2019; 8(9).

30. National Eating Disorders Collaboration. 2021. Disordered 
Eating & Dieting. https://nedc.com.au/assets/Fact-Sheets/
NEDC-Fact-Sheet-Disordered-Eating-and-Dieting.pdf.

31. Volpe U, Tortorella A, Manchia M, Monteleone AM, Albert 
U, Monteleone P. Eating disorders: What age at onset?  
Psychiatry Res 2016; 238: 225-27.

32. Kessler RC, Berglund P, Demler O, Jin R, Merikangas 
KR, Walters EE. Lifetime Prevalence and Age-of-Onset 
Distributions of DSM-IV Disorders in the National Comorbidity 
Survey Replication. Arch Gen Psychiatry 2005; 62 (6): 593-
602.

33. López-Gil JF, García-Hermoso A, Smith L, Firth J, Trott M, 
Mesas AE, Jiménez-López E, Gutiérrez-Espinoza H, Tárraga-



López PJ, Victoria-Montesinos D. Global Proportion of 
Disordered Eating in Children and Adolescents: A Systematic 
Review and Meta-analysis. JAMA Pediatrics 2023; 177(4): 363-
72.

34. Larson N, Loth KA, Eisenberg ME, Hazzard VM, Neumark-
Sztainer D. Body dissatisfaction and disordered eating are 
prevalent problems among U.S. young people from diverse 
socioeconomic backgrounds: Findings from the EAT 2010–
2018 study. Eating Behaviors 2021; 42: 101535.

35. Barakat S, McLean SA, Bryant E, Le A, Marks P, Aouad P, 
Barakat S, Boakes R, Brennan L, Bryant E, Byrne S, Caldwell 
B, Calvert S, Carroll B, Castle D, Caterson I, Chelius B, Chiem 
L, Clarke S, Conti J, Crouch L, Dammery G, Dzajkovski 
N, Fardouly J, Felicia C, Feneley J, Firriolo A-M, Foroughi 
N, Fuller-Tyszkiewicz M, Fursland A, Gonzalez-Arce V, 
Gouldthorp B, Griffin K, Griffiths S, Hambleton A, Hannigan 
A, Hart M, Hart S, Hay P, Hickie I, Kay-Lambkin F, King R, 
Kohn M, Koreshe E, Krug I, Le A, Linardon J, Long R, Long 
A, Madden S, Maguire S, MaloneyD, Marks P, McLean S, 
Meddick T, Miskovic-Wheatley J, Mitchison D, O’Kearney R, 
Ong SH, Paterson R, PaxtonS, Pehlivan M, Pepin G, Phillipou 
A, Piccone J, Pinkus R, Raykos B, Rhodes P, Rieger E, Rodan 
S, Rockett K, RussellJ, Russell H, Salter F, Sawyer S, Shelton B, 
Singh U, Smith S, Smith E, Spielman K, Squire S, Thomson J, 
TiggemannM, Touyz S, Utpala R, Vartanian L, Wallis A, Ward W, 
Wells S, Wertheim E, Wilksch S, Williams M, TouyzS, Maguire 
S, National Eating Disorder Research C. Risk factors for eating 
disorders: findings from a rapid review.Journal of Eating 
Disorders 2023; 11(1): 8.

36.	Chung A, Vieira D, Donley T, Tan N, Jean-Louis G, Kiely 
Gouley K, Seixas A. Adolescent Peer Influence on Eating 
Behaviors via Social Media: Scoping Review. J Med Internet 
Res 2021; 23(6): e19697.

37. What We Eat in America, NHANES 2017-March 2020 
Prepandemic, individuals 2 years and over (excluding breast-
fed children), day 1 dietary intake data, weighted. Food 
Patterns Equivalents Database (FPED) for use with WWEIA, 
NHANES 2017-March 2020 Prepandemic. Available at: 
https://www.ars.usda.gov/ARSUserFiles/ 80400530/pdf/1720/
Table_1_NIN_GEN_1720.pdf

38. Saavedra JM, Prentice AM. Nutrition in school-age children: a 
rationale for revisiting priorities. Nutr Rev 2023; 81(7): 823-43.

39. Dwyer JT, Evans M, Stone EJ, Feldman HA, Lytle L, Hoelscher 
D, Johnson C, Zive M, Yang M, Child, Adolescent Trial for 
Cardiovascular Health Cooperative Research G. Adolescents’ 
eating patterns influence their nutrient intakes. J Am Diet 
Assoc 2001; 101(7): 798-802.

40. What We Eat in America, NHANES 2017-March 2020 
Prepandemic, individuals 2 years and over (excluding breast-
fed children), day 1. Available at: www.ars.usda.gov/nea/bhnrc/
fsrg.

41. Tripicchio GL, Croce CM, Coffman DL, Pe􀆫nato C, Fisher 
JO. Age-related differences in eating location, food source 
location, and timing of snack intake among U.S. children 1-19 
years. Int J Behav Nutr Phys Act 2023; 20 (1): 90. Accessed at 
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1720/
Table_1_NIN_GEN_1720.pdf

42. Videon TM, Manning CK. Influences on adolescent eating 
patterns: the importance of family meals. J Adolesc Health 
2003; 32(5): 365-73.

43. American Academy of Pediatrics. 2021. Nutrition in Schools. 
https://www.aap.org/en/patient-care/schoolhealth/ nutrition-in-
schools/. 13

44. Gearan EC, Monzella K, Gola AA, Figueroa H. Adolescent 
Participants in the School Lunch Program Consume More 
Nutritious Lunches but Their 24-hour Diets Are Similar to 
Nonparticipants. J Adolesc Health 2021; 69(2): 308-14.

45. Golden NH, Schneider M, Wood C. Preventing Obesity and 
Eating Disorders in Adolescents. Pediatrics 2016; 138(3).

46. NUTRITION2023 Session: Teens and Nutrient Deficiencies: 
A Growing Public Health Crisis. https://discover.nutrition.
org/content/teens-and-nutrient-deficiencies-growing-public-
health-crisis#group-tabs-node-course-default1.

47. Sanyaolu A, Okorie C, Qi X, Locke J, Rehman S. Childhood 
and Adolescent Obesity in the United States: A Public Health 
Concern. Glob Pediatr Health 2019; 6: 2333794x19891305.

48. Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, Bhadoria 
AS. Childhood obesity: causes and consequences. J Family 
Med Prim Care 2015; 4(2): 187-92.

49. Leidy HJ, Clifton PM, Astrup A, Wycherley TP, Westerterp-
Plantenga MS, Luscombe-Marsh ND, Woods SC, Mattes RD. 
The role of protein in weight loss and maintenance. Am J Clin 
Nutr 2015; 101(6): 1320S-29S.

50. Truby H, Baxter K, Ware RS, Jensen DE, Cardinal JW, Warren 
JM, Daniels L, Davies PSW, Barrett P, Blumfield ML, Batch JA. 
A Randomized Controlled Trial of Two Different Macronutrient 
Profiles on Weight, Body Composition and Metabolic 
Parameters in Obese Adolescents Seeking Weight Loss. PLoS 
One 2016; 11(3): e0151787.

51. Leidy HJ, Ortinau LC, Douglas SM, Hoertel HA. Beneficial 
effects of a higher-protein breakfast on the appetitive, 
hormonal, and neural signals controlling energy intake 
regulation in overweight/obese, “breakfast-skipping,” late-
adolescent girls. Am J Clin Nutr 2013; 97(4): 677-88.

52. O’Neil A, Quirk SE, Housden S, Brennan SL, Williams LJ, 
Pasco JA, Berk M, Jacka FN. Relationship between diet and 
mental health in children and adolescents: a systematic 
review. Am J Public Health 2014; 104(10): e31-42.

53. Shawon MSR, Rouf RR, Jahan E, Hossain FB, Mahmood S, 
Gupta RD, Islam MI, Al Kibria GM, Islam S. The burden of 
psychological distress and unhealthy dietary behaviours 
among 222,401 school-going adolescents from 61 countries. 
Sci Rep 2023; 13(1): 21894.

54. Raiten DJ, Allen LH, Slavin JL, Mitloehner FM, Thoma GJ, 
Haggerty PA, Finley JW. Understanding the Intersection of 
Climate/Environmental Change, Health, Agriculture, and 
Improved Nutrition: A Case Study on Micronutrient Nutrition 
and Animal Source Foods. Curr Dev Nutr 2020; 4(7): nzaa087.

55. U.S. Department of Agriculture FoodData Central. 2019. 
Available at fdc.nal.usda.gov (Beef composite, cooked – NDB 
Number 13364).

56. Joint FAO/WHO/UNU. 2007. Expert Consultation on Protein 
and Amino Acid Requirements in Human Nutrition (WHO 
Technical Report Series 935).



57. Berryman CE, Lieberman HR, Fulgoni, VL 3rd, Pasiakos 
SM. Protein intake trends and conformity with the Dietary 
Reference Intakes in the United States: analysis of the 
National Health and Nutrition Examination Survey, 2001-2014. 
Am J Clin Nutr 2018; 108(2): 405-13.

58. Garcia-Iborra M, Castanys-Munoz E, Oliveros E, Ramirez M. 
Optimal Protein Intake in Healthy Children and Adolescents: 
Evaluating Current Evidence. Nutrients 2023; 15(7).

59. Institute of Medicine, 2005. Dietary Reference Intakes for 
Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, 
Protein, and Amino Acids. The National Academies Press, 
Washington, DC. https://doi.orgdoi:10.17226/10490.

60. European Food Safety Authority (EFSA). Scientific Opinion 
on Dietary Reference Values for Protein. EFSA Journal 2012; 
10(2): 2557.

61. U.S. Food and Drug Administration. Daily Value on the New 
Nutrition and Supplement Facts Labels. https://www.fda.gov/
food/new-nutrition-facts-label/daily-value-new-nutrition-and-
supplement-facts-labels.

62. Keast DR, Fulgoni VL, 3rd, Nicklas TA, O’Neil CE. Food 
sources of energy and nutrients among children in the United 
States: National Health and Nutrition Examination Survey 
2003-2006. Nutrients 2013; 5(1): 283-301.

63. Phillips SM, Fulgoni, VL 3rd, Heaney RP, Nicklas TA, Slavin JL, 
Weaver CM. Commonly consumed protein foods contribute to 
nutrient intake, diet quality, and nutrient adequacy. Am J Clin 
Nutr 2015; 101(6): 1346S-52S.

64. Dietary Guidelines Advisory Committee. Scientific Report of 
the 2020 Dietary Guidelines Advisory Committee: Advisory 
Report to the Secretary of Agriculture and the Secretary of 
Health and Human Services. https://www.dietaryguidelines.
gov/2020-advisory-committee-report. 14

65. Weyand AC, Chaitoff A, Freed GL, Sholzberg M, Choi SW, 
McGann PT. Prevalence of Iron Deficiency and Iron-Deficiency 
Anemia in US Females Aged 12-21 Years, 2003-2020. JAMA 
2023; 329(24): 2191-93.

66. Shoemaker ME, Gillen ZM, McKay BD, Koehler K, Cramer JT. 
High Prevalence of Poor Iron Status Among 8- to 16-Year-
Old Youth Athletes: Interactions Among Biomarkers of Iron, 
Dietary Intakes, and Biological Maturity. J Am Coll Nutr 2020; 
39(2): 155-62.

67. Institute of Medicine, 2001. Dietary Reference Intakes for 
Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 
Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, 
Vanadium, and Zinc. The National Academies Press, 
Washington, DC. https://doi.org/doi:10.17226/10026.

68. Piskin E, Cianciosi D, Gulec S, Tomas M, Capanoglu E. Iron 
Absorption: Factors, Limitations, and Improvement Methods. 
ACS Omega 2022; 7(24): 20441-56.

69. Black MM. The evidence linking zinc deficiency with children’s 
cognitive and motor functioning. J Nutr 2003; 133(5 Suppl 1): 
1473S-6S.

70. Nyaradi A, Li J, Hickling S, Foster J, Oddy WH. The role of 
nutrition in children’s neurocognitive development, from 
pregnancy through childhood. Front Hum Neurosci 2013; 7: 
97.

71. Wallace TC, Blusztajn JK, Caudill MA, Klatt KC, Natker E, 
Zeisel SH, Zelman KM. Choline: The Underconsumed and 
Underappreciated Essential Nutrient. Nutr Today 2018; 53(6): 
240-53.

72. Petersen KS, Flock MR, Richter CK, Mukherjea R, Slavin JL, 
Kris-Etherton PM. Healthy Dietary Patterns for Preventing 
Cardiometabolic Disease: The Role of Plant-Based Foods and 
Animal Products. Curr Dev Nutr 2017; 1(12): cdn.117.001289.

73. Wolfe RR, Baum JI, Starck C, Moughan PJ. Factors contributing 
to the selection of dietary protein food sources. Clin Nutr 
2018; 37(1): 130-38.

74. Hoy MK, Clemens JC, Moshfegh AJ. 2021. Protein Intake of 
Adolescents in the U.S.: What We Eat in America, NHANES 
2015-2016. Food Surveys Research Group Dietary Data Brief 
no. 30.

75. Neufingerl N, Eilander A. Nutrient Intake and Status in 
Children and Adolescents Consuming Plant-Based Diets 
Compared to Meat-Eaters: A Systematic Review. Nutrients 
2023; 15(20): 4341.





©2024 Cattlemen’s Beef Board and National Cattlemen’s Beef Association. ARMS#072424-09.




