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Abstract

Childhood (ages 2-9 years) and adolescence (ages 10-19 years) make up important periods of
human life. Food preferences and dietary behaviors are developing during this time, and health
status can impact noncommunicable disease (NCD) risk in adulthood. Many of the behaviors
associated with developing NCD are modifiable and include dietary behaviors. Globally,
children and adolescents are impacted by NCD, and obesity prevalence is growing among this
population. One of the recommendations for combating obesity is to promote the consumption of
healthy foods and beverages and the reduction of sugar-sweetened beverage intake. In order to
assess beverage patterns, the Healthy Beverage Index (HBI) was created for adults. This tool
provides a score from 0-100, with higher scores indicating better adherence to evidence-based
beverage recommendations. Because many beverage recommendations for children and
adolescents differ from those for adults, the purpose of this thesis was to develop the HBI for
U.S. Children and Adolescents (HBI-CA). National Health and Nutrition Examination Survey
(NHANES) data was used to calculate HBI-CA scores among a sample of U.S. children and
adolescents. The HBI-CA resulted in scores similar to the adult HBI and provides a reference of
beverage pattern quality in this population. Significant differences in scores were found among
males and females and certain races. Evaluation of the HBI-CA demonstrated its construct
validity and reliability. The HBI-CA still needs to undergo predictive validity tests. Overall, the
HBI-CA provides a method to assess beverage pattern quality in clinical, public health, and
research settings for this important population.
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General Audience Abstract

Children (ages 2-9 years) and adolescents (ages 10-19 years) makeup an important population
for the implementation of dietary interventions because they are still developing their food
preferences and dietary behaviors. The rise of obesity among these age groups indicates that their
dietary behaviors may not be aligned with recommendations. Beverages can easily be
overlooked as a dietary component, but they currently constitute a large portion of daily energy
intake. In order to assess beverage pattern quality in this population, the Healthy Beverage Index
for U.S. Children and Adolescents (HBI-CA) was developed based on the HBI for adults. This
tool provides a score from 0-100, with higher scores indicating better adherence to evidence-
based beverage recommendations. The HBI-CA also provides a resource of comprehensive
beverage recommendations for these age groups, which was previously limited in the literature.
National Health and Nutrition Examination Survey (NHANES) data was used to calculate HBI-
CA scores among a sample of U.S. children and adolescents. The HBI-CA resulted in scores
similar to the adult HBI and provides a reference of beverage pattern quality in this population.
Significant differences in scores were found among males and females and certain races.
Evaluation of the HBI-CA demonstrated its ability to reliably and consistently measure beverage
pattern quality. Future evaluation of the HBI-CA should include examination of the relationship
between HBI-CA scores and dietary-related health outcomes. Overall, the HBI-CA provides a
method to assess beverage pattern quality in clinical, public health, and research settings for this
important population.
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Chapter 1: Review of Literature
Study Population of Interest

Childhood and adolescence are important phases in human life that are marked by
considerable physical and psychological development. The age ranges for these phases are
inconsistently defined, but generally include the ages of 2 to 12 years for childhood and 12 to 21
years for adolescence.' The U.S. Office of Disease Prevention and Health Promotion’s Healthy
People 2020 defines adolescence as the ages of 10-17 and young adults as the ages of 18-25.°
Whereas, the U.S. Department of Health and Human Services defines adolescence as the ages of
10-19 years for their Adolescent and Young Adult Health goals.” In addition, the World Health
Organization defines an adolescent as a person between the ages of 10 and 19 years.* Lastly,
National Health and Nutrition Examination Surveys (NHANES) from the Centers for Disease
Control and Prevention use data from 2-19 year olds to represent children and adolescents.’
Thus, for the purposes of this literature review and research, childhood will be defined as 2 to 9
years of age and adolescence will be defined as 10 to 19 years of age.

During these years of life, the human body undergoes extensive growth and development.
Childhood is a time of physical growth and progression in perceptual, motor, language, socio-
emotional, and self-regulation skills.® Health, nutrition, security and safety, caregiving, and
learning are five important factors that impact how a child develops and whether they build the
aforementioned skills.® In early adolescence, between the ages of 10 to 14 years, the human body
begins to go through puberty with a significant increase in both height and weight.” It is also a
period of time where abstract and intellectual thought increases, and during this time, many
adolescents experience struggles with their sense of identity, feelings of awkwardness about their

body, and increased influence from their peer group. Late adolescence, between the ages of 15



and 19 years, generally consists of slowing physical growth, but cognitive development
continues to increase with additional capacity for abstract thought, goal setting, and moral
reasoning. This age group may continue to worry about being normal and adjusting to their
changing bodies.” Adolescents are forming their attitudes, values, and behaviors that can greatly
impact their future, and they are expected to take on more responsibility and therefore have
increased exposure to the world around them. The external environment is very influential on
adolescent behavior and thought, and adolescents continue to be impacted by the actions and
opinions of their friends and family.* Therefore, the experiences and education provided to
adolescents has been of interest in its relation to long-term health outcomes and quality of life.
Focusing on early health promotion in young people aligns with the goals of preventive medicine
and primary prevention, which strives to prevent the occurrence of a disease through the
manipulation of a person’s environment and/or actions.®

Noncommunicable diseases (NCD) are chronic diseases that result from a combination of
genetic, physiological, environmental, and behavioral factors. The most prominent NCD are
cardiovascular diseases, cancers, chronic respiratory diseases, and diabetes.” NCD cause about
two-thirds of worldwide deaths,'® and the increase of these types of diseases are considered a
global crisis and barrier to the achievement of the United Nations Millennium Development
Goals."" Many of the behaviors associated with developing NCD are modifiable and include:
tobacco use; consumption of foods high in saturated fat, trans fat, salt, and added sugars
(especially in the form of sugar-sweetened beverages); physical inactivity; and harmful
overconsumption of alcohol.'' Globally, children and adolescents are greatly impacted by NCD
with 1.2 million persons under the age of 20 dying as a result of NCD in 2002'? and evidence of

over 25% of obese adolescents showing signs of diabetes by the age of 15."



The Developmental Origins Hypothesis suggests that some NCD originate in prenatal life
and early childhood." This field of study proposes that nutritional, hormonal, and metabolic
factors that are active during susceptible periods of development may have the ability to
permanently impact the health of a growing fetus through a stimulus resulting in programming of
certain cells and organs.'* Data from the Helsinki Birth Cohort Study provided evidence that a
small body size in infancy is linked to a higher risk for developing type 2 diabetes mellitus, rapid
weight gain, and elevated body mass index (BMI) later in childhood, which is associated with a
higher risk for developing coronary heart disease.'* Other research has also concluded that low
birth weight or body size, frequently a result of unfavorable in-utero conditions, can increase
one’s risk for developing elevated blood pressure, type 2 diabetes, and coronary heart disease.'*
' 1t is proposed that undernutrition in-utero can cause the fetus to undergo adaptive changes that
can make him or her more susceptible to developing obesity, reduced activity, leptin and insulin
resistance, and elevated blood pressure when exposed to an environment that facilitates
overconsumption and sedentary behaviors post-natal and beyond.'”" This type of environment
is extremely prevalent in modern society, and it is often termed an obesogenic environment
because it promotes high energy intake and sedentary behavior that can lead to obesity and other
health conditions.?® These concepts support the importance of a life-course approach to health
and disease prevention, which emphasizes the influences of maternal health and nutrition,
prenatal and postnatal care, infant feeding practices, health promotion for young people, and
healthy aging on disease development and health outcomes.?' Eating behaviors and food
preferences have also been shown to develop in early childhood, which furthers the importance
of developing positive dietary behaviors and increasing exposure to nutritious foods at young

ages.””?* Because of the demonstrated significance that childhood and adolescence has on



adulthood health and behaviors, much of the life-course approach focuses on early stages of life,
with interventions that target young people being recognized as a necessary step in preventing
NCD.” Restricting advertising and marketing of unhealthy foods to young people*® along with
having obesity prevention included in child health and nutrition programs are suggested
interventions to improve dietary quality.'’ The main dietary recommendations to reduce NCD
are to consume foods that are low in saturated fat, trans fat, and added sugar, with special
emphasis placed on the sugar coming from sugar-sweetened beverages (SSB)."!

The World Health Organization’s Commission on Ending Childhood Obesity (ECHO)
also states that when addressing childhood and adolescent obesity, the environmental context
must be considered, especially in relation to three critical periods in human life: preconception
and pregnancy, infancy and early childhood, and older childhood through adolescence.”® Because
obesity is considered one of the biggest risk factors for developing NCD, it is important to take
action in preventing and reducing its prevalence. Unfortunately, prevalence of obesity in infants,
children, and adolescents is rising in most parts of the world.”® In the United States, the
prevalence of obesity in children and adolescents from the ages of 2 to 19 years in 2011-2014
was 17%" and extreme obesity was 5.8%.%* NHANES data also showed an increase in obesity
prevalence in this age group from 13.9% in 1999-2000 to 17.2% in 2013-2014.” The increases
in obesity prevalence could be a result of obesogenic environments® and inadequate behavioral
and biological responses to such environments.*’ The abundance of energy-dense, nutrient-poor,
highly processed foods and the reduction in opportunities for physical activity as transport or
play are major components of obesogenic environments that can result in energy imbalance and
therefore obesity.”’ In addition to environmental and in-utero indicators of elevated risk for

developing NCD and obesity, a higher BMI during early childhood has been associated with a



greater likelihood of having a high BMI in adolescence.’®*' Evidence also suggests that BMI and
weight status in childhood and adolescence can predict obesity in adulthood.*” The National
Longitudinal Study of Youth 1979 provided data that indicated baseline BMI and race/ethnicity
as significant predictors of obesity in adulthood and that a baseline BMI at or above the 85™
percentile at the ages of 14-22 years significantly increased the participants’ risk for obesity as
adults.”® However, obese and overweight children that resolve their high BMI status, especially
before the age of six, can reduce their chances of developing obesity in adolescence and can
reduce their cardiovascular risk factors in adulthood.***® ECHO suggests that one of the
components to combatting an obesogenic environment and ending childhood obesity is the
implementation of comprehensive programs that promote the intake of healthy foods and reduce
the intake of unhealthy foods and SSB.?’ Reducing SSB intake is a recurring suggestion for
improving diet quality and reducing diseases, as there is a growing body of evidence that
associates intake of SSB with negative impacts on health.””*> SSB and other beverages have
become an important consideration of dietary intake, and looking more closely at beverage
consumption in child and adolescent populations is vital to the development of dietary

interventions and recommendations for improving health and reducing the prevalence of NCD.

Beverage Consumption and Trends

Even though there are DGA, many of the recommendations focus on foods rather than
beverages.”** These recommendations may be inadequate, considering in 2009-2010, beverages
made up approximately 18% of the daily calories of children and adolescents in the U.S. from
the ages of 2-18 years,* and this level of consumption exceeds the Beverage Guidance Panel’s

Beverage Guidance System recommendation that only 10-14% of daily calories come from



beverages (see Table 1).* Although the Beverage Guidance System is designed for populations
over the age of 6 years, the rationale for limiting caloric intake from beverages is partly derived
from the fact that beverages tend to have low nutrient-density relative to energy density and do
not greatly contribute to meeting Recommended Dietary Allowances (RDA), which may be an
even more important consideration for young children due to their smaller stomach capacity.***°
Fruit juice and milk are the main exceptions to this tendency because they can provide a notable
amount of nutrients. For example, based on 1999 U.S. data, milk provided 88% of the 196 mg of
calcium consumed from beverages and 100% fruit juice provided 60% of the 41 mg of vitamin C
consumed from beverages by the general American population.*” Therefore, in younger age
groups, it is reasonable and acceptable that a larger portion of their daily calories may be derived
from beverages like milk. Another component to the recommendation of limiting caloric intake
from beverages is research that has proposed a difference in the way the human body responds to
fluid calories versus solid calories. Evidence from numerous sources has indicated that beverages

or liquids are less satiating than solid foods, varying in gradation with level of viscosity.**>* In

54-56 and

addition, intake of a calorie-containing fluid has been linked to higher total energy intake
higher BMI or body weight in children.’”*® This may be in part to fluids not being as satiating
and not effectively triggering dietary compensation, which is the adjustment of future energy
intake based on past intake in order to prevent overconsumption.” Notably, many of these results
are associated with clear, calorie-containing beverages or liquids other than milk or soup.”
Obtaining enough fluid and staying hydrated is vitally important for human health
because of water’s role in nearly all physiological processes.”® The Panel on Dietary Reference

Intakes for Electrolytes and Water of the National Academy of Medicine (formerly the Institute

of Medicine) provided guidance for fluid requirements, but recognized that they can be highly



variable among different individuals; therefore, the U.S. has determined an adequate intake (Al)
level for fluid per age group, which represents the recommended average daily intake level based
on “experimentally derived intake levels or approximation of observed mean nutrient intakes by
a group of healthy people” that are assumed to be adequate.®’ The Al for children aged 1-3 years
is 0.9 L/day for total beverages, and the Al for children aged 4-8 years is 1.2 L/day for total
beverages. The Al for older children and adolescents varies by sex: 1.8 L/day for males and 1.6
L/day for females aged 9-13 years, 2.6 L/day for males and 1.8 L/day for females aged 14-18
years, and 3.0 L/day for males and 2.2 L/day for females aged 19 years. The Al listed are for
fluid needs from exclusively beverages, which makes up about 80% of total fluid needs with the
remaining 20% derived from foods. The Panel also indicated one mL of fluid for every one
calorie (kcal) consumed per day to be a convenient, liberal estimation of daily fluid requirements
(see Table 1),°' originally determined by Adolph in 1933 with no age specification stated.®® This
method provides a similar estimation of fluid needs as the Al based on the estimated calorie
needs per day for various ages in the 2015-2020 DGA.* For example, the Al for fluid from
beverages for a 13 year old male is 1.8 L/day.’" and the estimated calorie needs for a sedentary
13 year old male is 2,000 calories/day,* resulting in a recommended fluid intake of 2,000 ml
from beverages. Although this recommendation is slightly higher than the Al, consuming a small
amount of excess fluid is very unlikely to be hazardous for a healthy individual and no Tolerable
Upper Intake Level has been set for fluid.®!

When compared to adults, children have higher fluid requirements per body mass,” and
there is evidence that a large portion of children are not maintaining adequate hydration based on
urine osmolality.** In addition, one study conducted in Italy found that obese children were less

hydrated based on free water reserve values and had less water intake from beverages relative to



their standardized BMI (BMI z-scores) as compared to normal weight children.®® Inadequate
hydration can have implications on not only overall health but also physical and cognitive
performance.®® When 125 schoolchildren’s fluid intakes were assessed via 24-hour recall and
compared to standardized test results, children with higher, more recent fluid intake had better
concentration and memory scores,”’ which is consistent with results from other studies.®®®
Trends in child and adolescent beverage consumption from recent NHANES data display
changes compared to previous years. From the years 1989 to 2004, consumption of SSB among
2-18 year olds steadily increased, but it has subsequently decreased from 2005 to 2014.*> In
2003-2004, an average of 283 calories came from SSB in the diet of 12-19 year olds as compared
to an average of 178 calories in 2013-2014.”° Calorie intake from milk (including flavored milk
and milk alternatives) also significantly decreased from 2003-2014 in 2-19 year olds, but 100%
juice only significantly decreased in 6-11 and 12-19 year olds. In addition, the prevalence of
water consumption significantly increased across all age groups. It is also important to note that
in children aged 2-11 years, milk provided the largest source of beverage calories, whereas SSB,
namely soda, was the largest source of beverage calories for 12-19 year olds. Lastly, from 2003
to 2014, per capita consumption of all beverages significantly declined in children and
adolescents, reducing from 474 calories to 313 calories.”’ Another study also provided evidence
that from 2003-2011, U.S. consumers have been exhibiting a decline in overall energy intakes,
especially in children, largely from a relative reduction in calories from beverages.”' Some of
these results can be seen as a step in a positive direction for beverage intake among U.S. children
and adolescents, specifically in regards to decreased intake of SSB and decreased overall caloric
intake from beverages. Suggested reasons for these changes include: increased media attention

about SSB, revisions to the Special Supplemental Nutrition Program for Women, Infants, and



Children packages, and changes to school feeding programs.’’ Despite the changes that are being
exhibited, SSB intake is still high in the U.S. and does not meet the recommendation by the
2015-2020 DGA to choose beverages with no added sugars.** Comparing beverage intake to
evidence-based recommendations and focusing on beverage patterns rather than single beverage

types allows for a more relevant evaluation of how beverages impact health.

Dietary Patterns and the Healthy Beverage Index

The 2015-2020 DGA emphasizes the importance of healthy eating patterns, which are
described as the various combinations of foods consumed over time.* Focusing on eating
patterns is important because people do not consume foods in isolation and dietary elements can
interact with one another. In addition, as compared to specific foods and nutrients, eating
patterns may better relate to and predict health status and disease risk.**

Assessing dietary patterns is frequently accomplished through the use of numerical
indexes.”” The Healthy Eating Index (HEI) was designed to measure dietary quality based on
conformance to the DGA, with a higher score out of 100 indicating greater adherence and better
dietary quality.” The original HEI was created in 1995, and new versions were made in 2005
and 2010.”"7* The most recent HEI was released in 2015, and it provides an index that assesses
dietary quality, indicates the appropriateness of balance between food groups, and
accommodates a spectrum of eating patterns that will reach nutrient needs over time.” Using this
method to assess dietary quality represents and accounts for the importance that the 2015-2020
DGA places on healthy eating patterns. One study sought to assess the association between
dietary patterns based on diet-quality index scores and mortality from all causes, cardiovascular

disease, and cancer among a multiethnic population.’® Participants were 45-75 years old and



encompassed multiple ethnicities, including white, African American, Native Hawaiian,

" alternate

Japanese American, and Latino. The study used the HEI-2010, Alternative HE
Mediterranean diet score,”® and Dietary Approaches to Stop Hypertension.” Higher scores on all
of the indexes were inversely associated with risk of all-cause mortality, risk for mortality from
cancer, and risk for mortality from cardiovascular disease.”® A systematic review and meta-
analysis of cohort studies that examined the association of dietary quality measured by diet-
quality indexes on health outcomes was published in 2018.*° The highest scores on the HEI,
Alternative HEI, and Dietary Approaches to Stop Hypertension were associated with a 22%
reduction in all-cause mortality risk, a 22% reduction in cardiovascular disease risk, a 16%
reduction in cancer risk, an 18% reduction in type 2 diabetes risk, and a 15% reduction in
neurodegenerative disease risk.*® These associations between diet-quality indexes demonstrate
how dietary patterns are important to health.

Beverage patterns have also been identified to relate to dietary patterns and health. A
systematic review of the association between beverage consumption and dietary patterns
concluded that there is substantial evidence linking specific beverages with dietary patterns,
which include the Prudent-type pattern consisting of higher fruit, vegetable, whole grain, and fish
consumption and the Western-type pattern consisting of higher processed and red meat, butter,
high-fat dairy, and refined grain consumption.?’ Unsweetened tea and coffee, low-fat milk,
beverages containing non-nutritive sweeteners, and fruit or vegetable juices were associated with
the Prudent-type pattern and high-fat milk, alcohol, and SSB were associated with the Western-
type pattern.®’ One of the studies used in this systematic review utilized NHANES 1999-2001
data and cluster analysis to develop mutually exclusive beverage and food clusters in order to

investigate the interrelations of beverage patterns and dietary patterns.®” The results indicated
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that adults whose beverage patterns were dominated by calorically sweetened beverages (i.e.,
soda, sweetened coffee) consumed more calories from beverages than those whose beverage
patterns were dominated by non-calorically sweetened beverages (i.e., coffee, water). It also
found that calorically sweetened beverages were closely related to less healthy eating patterns,
including those containing high-fat foods, fast foods, and snacks. These results show that overall
dietary patterns exist and that healthier beverage patterns are related to healthier dietary patterns
in adults.* Hydration, based on urine osmolality, has also been linked to beverage patterns in a
study using 8-14 year olds.*® Beverage patterns were defined by six components, and the patterns
based on water and milk were associated with better hydration and patterns of regular soda, other
drinks, and no water were associated with inferior hydration.*> Another study utilized 2001-2002
NHANES data from 2-11 year olds to identify beverage patterns based on eight beverage groups
and assess their association with diet quality based on HEI scores.* Cluster analysis was used to
identify four beverage clusters for 2-5 year olds and five beverage clusters for 6-11 year olds.
The clusters were named based on the most predominantly consumed beverage; however, one
cluster was named mix/light drinker because intake was relatively equal across all types of
beverages. Their results indicated that diet quality significantly differed by beverage patterns.
Those in the fruit juice clusters had the highest HEI scores and the highest intakes of vitamin C,
folate, and iron. The high-fat milk cluster also had high intakes of riboflavin, vitamin A, calcium
and zinc. BMI was also significantly associated with beverage patterns in the 6-11 year old
participants.®

The importance of beverage patterns can be overlooked, and although the HEI-2015
encompasses some beverages within its components (milk, fruit juice, alcohol, and SSB),” it

only accounts for how those beverages can be incorporated into one’s diet to achieve an adequate
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dietary pattern rather than specifically assessing how overall beverage consumption aligns with
beverage recommendations. With the HEI concept as a guide, the Healthy Beverage Index (HBI)
was developed in order to assess beverage pattern quality based on compliance with beverage
recommendations.®” The HBI utilized recommendations from the Beverage Guidance System™
and the DGA®® in order to define 10 beverage components, including water, unsweetened coffee
and tea, low-fat milk, diet drinks, 100% fruit juice, alcohol, whole milk, SSB, total beverage
energy, and overall fluid requirements. The Beverage Guidance System recommendations were
changed from fluid intake in fl oz to percentage of fluid intake, and no upper limit was set for
daily water intake. Meeting total fluid needs and having water constitute at least 20% of total
fluid intake were weighted more heavily in the scoring system, as these components were
deemed more crucial to health. Like the HEI, scores for the HBI range from 0 to 100, and a
higher score is indicative of greater adherence to beverage recommendations and a healthier
beverage pattern. The researchers also examined how the HBI related to cardiometabolic risk in
16,252 U.S. adults using NHANES 2005-2010 data. The average HBI score was 63 and ranged
from 26 to 100. Higher HBI scores were positively associated with better lipid profiles and lower
odds ratios for hypertension in men and women, among other favorable cardiometabolic
outcomes in specific groups.®

The HBI aligns with the 2015-2020 DGA recommendation of focusing on healthy eating
patterns because ranges and percentages of fluid intake by beverage are provided, which
accommodates for the numerous variations of achieving a healthy beverage pattern.”” However,
the current HBI is designed for adults > 19 years, and many of the beverage recommendations
for this population differ from the recommendations for children and adolescents. Because the

HBI can be a useful and relevant tool in clinical, public health, and research settings,* a similar
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tool to assess beverage pattern quality in children and adolescents is necessary. In order to
develop the HBI for U.S. Children and Adolescents (hereafter referred to as HBI-CA), beverage

recommendations for these age groups must be identified.
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Beverage Recommendations

Table 1. Summary of Beverage Recommendations by Age

limited**** If caffeinated, these beverages should
only be consumed by those over 3 years of age and
at a level that contributes up to 3 mg/kg
bodyweight/day of caffeine, assuming no other
sources of caffeine are being consumed.® For
reference, 1 fl oz of soda can have approximately 3-
4 mg of caffeine.”

Ages Beverage Recommendations Quantities References
2-4 years | Water — fluid drinking water with no added >20% of daily Robert Wood Johnson
sweeteners®’ fluid Foundation: Healthy
requirements™® Eating Research
Recommendations for
Healthier Beverages®’
Beverage Guidance
Panel Proposed
Beverage Guidance
System43
Sugar-Sweetened Beverages — calorically < 8 fl oz per Beverage Guidance
sweetened beverages are discouraged and should be | week™ Panel Proposed

Beverage Guidance
System43

USDA 2015-2020
Dietary Guidelines for
Americans*

Added Sugars and
Cardiovascular Disease
Risk in Children: A
Scientific Statement
From the American
Heart Association®®

100% Fruit Juice — derived from fruits and/or
vegetables with no added sweeteners and no more
than 70 mg of sodium per serving®’

<4 fl oz per day®’

Robert Wood Johnson
Foundation: Healthy
Eating Research
Recommendations for
Healthier Beverages®’

Caffeine from Beverages — Caffeine has not been
recognized as safe for persons under 3 years of
age.” Caffeine consumption is discouraged for all
children,”" however appropriate caffeinated beverage
intake is defined by the daily caffeine intake
recommendations that have been considered safe.”

2 year olds:
0 mg/kg
bodyweight/day

3-4 year olds:

<3 mg/kg
bodyweight/day of
caffeine®

American Academy of
Pediatrics Committee
on Nutrition and the
Council on Sports
Medicine and Fitness”'
European Food Safety
Authority Scientific
Opinion on the Safety
of Caffeine®
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Unsweetened Coffee and Tea — Unsweetened,

<40 fl oz per

Beverage Guidance

caffeinated coffee and tea is safe for those over 3 day® Panel Proposed
years of age at a level that contributes up to 3 mg/kg Beverage Guidance
bodyweight/day of caffeine, assuming no other System™
sources of caffeine are being consumed.® For
reference, 1 fl oz of coffee has approximately 12 mg
of caffeine, and 1 fl oz of black tea has
approximately 6 mg of caffeine.”
Non-calorically Sweetened Beverages — beverages | < 16 fl oz per Reid et al. Early
that contain non-nutritive sweeteners have not been | day® Exposure to
conclusively identified as healthy for children and Nonnutritive
adolescents.”” If caffeinated, these beverages Sweeteners and Long-
should only be consumed by those over 3 years of term Metabolic Health:
age and at a level that contributes up to 3 mg/kg A Systematic Review”
bodyweight/day of caffeine, assuming no other
sources of caffeine are being consumed.® For American Academy of
reference, 1 fl oz of diet soda can have Pediatrics Committee
approximately 3-4 mg of caffeine.” on Nutrition”

The Healthy Beverage

Index™
Milk — People over the age of 2 years should only 2 year olds: American Academy of
consume low-fat or fat-free milk.” Unsweetened <16 fl oz of Pediatrics Bright

milks are also recommended in order to not exceed
10% of daily calories from added sugars. 2-3 year
olds should consume 2 cup-equivalents of dairy per
day and 4 year olds should consume 2.5 cup-

whole milk per
day***

3 year olds:

Futures: Nutrition, 3™
Edition™

USDA 2015-2020

equivalents of dairy per day. A 1 cup-equivalentis 8 | <16 fl oz of low- [ Dietary Guidelines for
fl oz of milk.* fat or fat-free milk | Americans™
per day*
4 year olds:
<20 fl oz of low-
fat or fat-free milk
per day*
5-9 years | Water — fluid drinking water with no added >20% of daily Robert Wood Johnson
sweeteners®’ fluid Foundation: Healthy
requirements™® Eating Research
Recommendations for
Healthier Beverages®’
Beverage Guidance
Panel Proposed
Beverage Guidance
System43
Sugar-Sweetened Beverages — calorically < 8 fl oz per Beverage Guidance
sweetened beverages are discouraged and should be | week™ Panel Proposed

limited**** If caffeinated, these beverages should

only be consumed at a level that contributes up to 3
mg/kg bodyweight/day of caffeine, assuming no
other sources of caffeine are being consumed.*” For

Beverage Guidance
System43

USDA 2015-2020
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reference, 1 fl oz of soda can have approximately 3-
4 mg of caffeine.”

Dietary Guidelines for
Americans*

Added Sugars and
Cardiovascular Disease
Risk in Children: A
Scientific Statement
From the American
Heart Association®

100% Fruit Juice — derived from fruits and/or
vegetables with no added sweeteners and no more
than 100 mg of sodium per serving®’

<6 fl oz per day®’

Robert Wood Johnson
Foundation: Healthy
Eating Research
Recommendations for
Healthier Beverages®’

Caffeine from Beverages — Caffeine consumption <3 mg/kg American Academy of

is discouraged for all children,”" however bodyweight/day of | Pediatrics Committee

appropriate caffeinated beverage intake is defined by | caffeine® on Nutrition and the

the daily caffeine intake recommendations that have Council on Sports

been considered safe.”’ Medicine and Fitness’'
European Food Safety
Authority Scientific
Opinion on the Safety
of Caffeine™

Unsweetened Coffee and Tea — Unsweetened <40 fl oz per Beverage Guidance

coffee and tea is safe at a level that contributes up to | day® Panel Proposed

3 mg/kg bodyweight/day of caffeine, assuming no Beverage Guidance

other sources of caffeine are being consumed.* For System™

reference, 1 fl oz of coffee has approximately 12 mg

of caffeine, and 1 fl oz of black tea has

approximately 6 mg of caffeine.”’

Non-calorically Sweetened Beverages — beverages | < 16 fl oz per Reid et al. Early

that contain non-nutritive sweeteners have not been | day® Exposure to

conclusively identified as healthy for children and
adolescents.””* If caffeinated, these beverages
should only be consumed at a level that contributes
up to 3 mg/kg bodyweight/day of caffeine, assuming
no other sources of caffeine are being consumed.*
For reference, 1 fl oz of diet soda can have
approximately 3-4 mg of caffeine.”

Nonnutritive
Sweeteners and Long-
term Metabolic Health:
A Systematic Review”

American Academy of
Pediatrics Committee
on Nutrition”

The Healthy Beverage
Index™

Milk — People over the age of 2 years should only
consume low-fat or fat-free milk.”* Unsweetened
milks are also recommended in order to not exceed
10% of daily calories from added sugars. 5-8 year
olds should consume 2.5 cup-equivalents of dairy
per day, and 9 year olds should consume 3 cup-

5-8 year olds:
<20 fl oz of low-
fat or fat-free milk
per day*

9 year olds:

American Academy of
Pediatrics Bright
Futures: Nutrition, 3™
Edition

USDA 2015-2020
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equivalents per day. A 1 cup-equivalent is 8 fl oz of | <24 fl oz of low- [ Dietary Guidelines for
milk.* fat or fat-free milk | Americans™
per day*
10-13 years | Water — fluid drinking water with no added >20% of daily Robert Wood Johnson
sweeteners®’ fluid Foundation: Healthy
requirements™® Eating Research
Recommendations for
Healthier Beverages®’
Beverage Guidance
Panel Proposed
Beverage Guidance
System43
Sugar-Sweetened Beverages — calorically < 8 fl oz per Beverage Guidance
sweetened beverages are discouraged and should be | week™ Panel Proposed

limited**** If caffeinated, these beverages should
only be consumed at a level that contributes up to 3
mg/kg bodyweight/day of caffeine, assuming no
other sources of caffeine are being consumed.*” For
reference, 1 fl oz of an energy drink has
approximately 9 mg of caffeine, and 1 fl oz of soda
can have approximately 3-4 mg of caffeine.”

Beverage Guidance
System43

USDA 2015-2020
Dietary Guidelines for
Americans*

Added Sugars and
Cardiovascular Disease
Risk in Children: A
Scientific Statement
From the American
Heart Association®®

100% Fruit Juice — derived from fruits and/or
vegetables with no added sweeteners and no more
than 140 mg of sodium per serving®’

< 8 fl oz per day®’

Robert Wood Johnson
Foundation: Healthy
Eating Research
Recommendations for
Healthier Beverages®’

Caffeine from Beverages — appropriate caffeinated | <3 mg/kg European Food Safety
beverage intake is defined by daily caffeine intake bodyweight/day of | Authority Scientific
recommendations that have been considered safe.* caffeine® Opinion on the Safety
of Caffeine™
Unsweetened Coffee and Tea — Unsweetened <40 fl oz per Beverage Guidance
coffee and tea is safe at a level that contributes up to | day® Panel Proposed

3 mg/kg bodyweight/day of caffeine, assuming no
other sources of caffeine are being consumed.*” For
reference, 1 fl oz of coffee has approximately 12 mg
of caffeine, and 1 fl oz of black tea has
approximately 6 mg of caffeine.”’

Beverage Guidance
System43
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Non-calorically Sweetened Beverages — beverages

<16 fl oz per
85

Reid et al. Early

that contain non-nutritive sweeteners have not been | day Exposure to
conclusively identified as healthy for children and Nonnutritive
adolescents.””* If caffeinated, these beverages Sweeteners and Long-
should only be consumed at a level that contributes term Metabolic Health:
up to 3 mg/kg bodyweight/day of caffeine, assuming A Systematic Review”
no other sources of caffeine are being consumed.*
For reference, 1 fl oz of diet soda can have American Academy of
approximately 3-4 mg of caffeine.” Pediatrics Committee
on Nutrition”
The Healthy Beverage
Index™
Milk — People over the age of 2 years should only <24 fl oz of low- | American Academy of

consume low-fat or fat-free milk.” Unsweetened
milks are also recommended in order to not exceed
10% of daily calories from added sugars. 10-13 year
olds should consume 3 cup-equivalents per day. A 1
cup-equivalent is 8 fl oz of milk.**

fat or fat-free milk
per day*

Pediatrics Bright
Futures: Nutrition, 3™
Edition™

USDA 2015-2020
Dietary Guidelines for
Americans*

14-19 years

Water — fluid drinking water with no added caloric
sweeteners®’

>20% of daily
fluid
requirements™®

Robert Wood Johnson
Foundation: Healthy
Eating Research
Recommendations for
Healthier Beverages®’

Beverage Guidance

Panel Proposed

Beverage Guidance
i)

System

Sugar-Sweetened Beverages — calorically
sweetened beverages are discouraged and should be
limited**** If caffeinated, these beverages should
only be consumed at a level that contributes up to 3
mg/kg bodyweight/day of caffeine, assuming no
other sources of caffeine are being consumed.*” For
reference, 1 fl oz of an energy drink has
approximately 9 mg of caffeine, and 1 fl oz of soda
can have approximately 3-4 mg of caffeine.”

< 8 fl oz per
week®®

Beverage Guidance

Panel Proposed

Beverage Guidance
)

System

USDA 2015-2020
Dietary Guidelines for
Americans*

Added Sugars and
Cardiovascular Disease
Risk in Children: A
Scientific Statement
From the American
Heart Association®

100% Fruit Juice — derived from fruits and/or
vegetables with no added sweeteners and no more
than 140 mg of sodium per serving®’

< 8 fl oz per day®’

Robert Wood Johnson
Foundation: Healthy
Eating Research
Recommendations for
Healthier Beverages®’
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Caffeine from Beverages — appropriate caffeinated | <3 mg/kg European Food Safety
beverage intake is defined by daily caffeine intake bodyweight/day of | Authority Scientific
recommendations that have been considered safe.* caffeine® Opinion on the Safety
of Caffeine™
Unsweetened Coffee and Tea — Unsweetened <40 fl oz per Beverage Guidance
coffee and tea is safe at a level that contributes up to | day® Panel Proposed
3 mg/kg bodyweight/day of caffeine, assuming no Beverage Guidance
other sources of caffeine are being consumed.* For System™
reference, 1 fl oz of coffee has approximately 12 mg
of caffeine, and 1 fl oz of black tea has
approximately 6 mg of caffeine.”’
Non-calorically Sweetened Beverages — beverages | <16 fl oz per Reid et al. Early
that contain non-nutritive sweeteners have not been | day® Exposure to
conclusively identified as healthy for children and Nonnutritive
adolescents.””* If caffeinated, these beverages Sweeteners and Long-
should only be consumed at a level that contributes term Metabolic Health:
up to 3 mg/kg bodyweight/day of caffeine, assuming A Systematic Review”
no other sources of caffeine are being consumed.*
For reference, 1 fl oz of diet soda can have American Academy of
approximately 3-4 mg of caffeine.” Pediatrics Committee
on Nutrition”
The Healthy Beverage
Index™
Milk — People over the age of 2 years should only <24 fl oz of low- | American Academy of

consume low-fat or fat-free milk.” Unsweetened
milks are also recommended in order to not exceed
10% of daily calories from added sugars. 14-19 year
olds should consume 3 cup-equivalents per day. A 1
cup-equivalent is 8 fl oz of milk.**

fat or fat-free milk
per day*

Pediatrics Bright
Futures: Nutrition, 3™
Edition™

USDA 2015-2020
Dietary Guidelines for
Americans*

All
Children
and
Adolescents

No definitive beverage energy recommendations are available for children
and adolescents, but beverage intake is recommended to make up no more

than 10-14% of daily energy intake for adults*

Beverage Guidance

Panel Proposed

Beverage Guidance
i)

System

Recommended total fluid intake can be estimated at 1 ml of fluid per 1

kcal consumed per day®!

The Panel on Dietary
Reference Intakes for
Electrolytes and Water
of the National
Academy of Medicine®'
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Water

Water is an essential component of dietary intake because of its role in many biological
processes, including: maintenance of vascular volume, transportation of nutrients, removal of
waste, cell metabolism, and regulation of body temperature.®’ A male aged 12-18 years has total
body water of 52% to 66% of his body weight,”> which signifies the importance of water in the
functioning and makeup of the human body. Variation in total body water in humans is largely
due to changes in body composition, especially levels of lean body mass.”® Water is the main
component of the body’s cells, organs, and tissues,”’ and it is needed for proper digestion, mental
function, heart function, and hemodynamic regulation, among other physiological functions.®
There is no evidence that humans need to consume any beverages other than water to maintain
proper hydration when consuming an adequate diet.*”** Many beverages contain mostly water,
with water comprising 90-99% of fat-free milk and 80-89% of fruit juice.”” In addition, 20% of
the fluids that the body needs daily can be obtained in food.*' For example, raw fruits and
vegetables are high in water density.”

Even though water is essential to human life, recommendations for optimal water intake
have been difficult to coalesce, especially due to the deficit in research that can serve as a basis
for recommendations.®® Another difficulty in determining water recommendations for a
population is the variability of water needs for each individual. A study on 458 American adults
indicated that about 5% to 10% of total body water is turned over every day.” Water can be lost
through sweat during physical exertion or simply times where body temperature increases. It is
also lost through respiration, urine, and feces.®” The body needs to keep a very precise balance of
water inputs and outputs, and it is estimated that over a 24-hour period, water balance is

regulated within 0.2% of body weight.” The three main components of water inputs include the
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water one drinks, eats, and metabolically produces, and these inputs need to be adequate to
compensate for the water that has been outputted.®® Because the majority of water inputs consist
of beverages and food, the amount of beverages and foods that need to be consumed to replace
water lost is dependent on the types of beverages and foods that one chooses. Some people may
consume high amounts of fruits and vegetables and thus would have lower fluid drinking water
needs as compared to someone that consumes high amounts of bakery products.'® Due to the
fact that water can be found in food and many other beverages, it is difficult to make a
recommendation on how much fluid drinking water one should consume daily.

Because of variation in one’s ability to concentrate/dilute urine in the kidneys, choice of
foods and beverages, physical activity level, and climate, a level of total water intake that will
meet the needs of all people in a population cannot be defined.®”'® The Panel on Dietary
Reference Intakes for Electrolytes and Water does not define how much of the Al for total
beverages should be from fluid drinking water.”' However, the Beverage Guidance System does
rank fluid drinking water as the preferred beverage and indicates that there are essentially no
negative effects when consumed within the Al level. Therefore, these guidelines have concluded
that a healthy beverage plan consists of about 50% or more of daily beverages coming from fluid

drinking water with a minimum set at 20% (see Table 1).*

Sugar-Sweetened Beverages

SSB can be defined as “beverages that contain added caloric sweeteners,” which can
include regular sodas, fruit drinks, sports drinks, energy drinks, sweetened teas, and pre-mixed
sweetened coffees.®” Based on 2009-2012 NHANES data, a study found that SSB were the

primary source of added sugars consumed by most Americans and that the mean percent of
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energy intake by added sugars was 14.3 + 0.2% for 2-8 year olds and 16.2 + 0.2% for 9-18 year
olds.'”" This exceeds the 2015-2020 DGA recommendation that no more than 10% of daily
calories come from added sugars.* The study also found that juice-based and fruit beverages
with added sugars were the main SSB consumed by children and in adolescents the main
contributor was regular soft drinks.'®' These types of beverages have been under increasing
scrutiny due to evidence that they may contribute to weight gain, increased energy intake, dental
caries, and type 2 diabetes.*

A systematic review and meta-analysis published in 2013 included prospective cohort
studies and randomized controlled trials on children and adults that examined the contribution of
SSB to weight gain from the years 1990 to 2012.'> Twenty studies on children and adolescents
were included, and of these, fifteen were cohort studies and five were clinical trials. The
prospective cohort studies showed a positive association between SSB intake and BMI. Seven of
these studies were analyzed for 1-year change in BMI, and the summary estimate showed that
each additional daily 12 fl oz serving of SSB led to a 0.06 increase in BMI over one year. For the
fixed-effects model of the trial studies, a significant reduction in BMI was found with reduction
in SSB consumption. The interventions that substituted non-caloric beverages (i.e., water, diet
soft drinks, artificially sweetened beverages) for SSB had a significant reduction in weight based
on change in BMI. However, a significant intervention effect was not found in the school-based
education interventions discouraging SSB consumption.'” A more recently published systematic
review included 30 studies from 2013 to 2015, which consisted of 26 prospective cohort studies
and 4 randomized controlled trials that examined the impact of reducing SSB consumption in
children and adults.'” The study concluded there was a positive association among SSB intake

and obesity indices for children and adults with 93% of the 30 studies indicating an association
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and one cohort study conducted in children revealing no association. Cohort studies and trials in
children showed that greater SSB intake was associated with a higher BMI or BMI z-score.'”
Although the evidence for the association between SSB intake and weight is the strongest
and most numerous, there is also evidence that has linked SSB to type 2 diabetes and insulin
resistance. A cross-sectional study used NHANES data from 1999 to 2004 on 6,967 adolescents
aged 12-19 years.'” Outcome measurements included glucose levels, insulin levels, homeostasis
model assessment of insulin resistance (HOMA-IR) measurements, total cholesterol levels, high-
density lipoprotein (HDL) cholesterol levels, low-density lipoprotein (LDL) cholesterol levels,
triglyceride levels, blood pressure, waist circumference, and BMI. Multivariate linear regression
of the data indicated that higher SSB consumption was independently associated with higher
HOMA-IR, systolic blood pressure, waist circumference, and BMI percentile for age and sex,
and lower HDL cholesterol levels. All of these results suggest an association between SSB
consumption and metabolic parameters associated with insulin-resistance and anthropometric
measures for adolescents.'® Similarly, a prospective 20-year cohort study used participants from
the Coronary Artery Risk Development in Young Adults (CARDIA) Study that were 18-30 years
of age at baseline and collected beverage intake, anthropometrics, blood lipid levels, fasting
insulin levels, and fasting glucose levels in order to investigate the association between calorie-
containing beverage consumption with risk of adverse cardiometabolic outcomes.'® The results
indicated that a higher intake of SSB at baseline was associated with a significantly increased
risk of incident high waist circumference, triglycerides, LDL cholesterol, and blood pressure
levels at year twenty of the study.'® Only one longitudinal study on insulin-resistance and liquid
sugar intake in children was found, and it was conducted on 564 Canadian children aged 8-10

years who were considered at risk for obesity based on at least one biological parent having a
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BMI > 30 or having central obesity.'°® The results showed that a 10 g per day increase in added
sugars from liquids was associated with higher fasting plasma glucose, higher fasting plasma
insulin, and higher HOMA-IR from baseline to the two-year follow-up. Associations in HOMA-
IR were stronger in children who were overweight or obese. Interestingly, no associations
between markers of glucose homeostasis or insulin sensitivity and solid added sugars were
found. The researchers concluded that their data provides evidence of an association between
liquid added sugars and impaired glucose homeostasis and insulin sensitivity in children.'®

Due to the overwhelming and growing evidence linking SSBs with negative health
impacts, many efforts are being made to decrease SSB intake in children and adolescents. The
Centers for Disease Control and Prevention, the National Academy of Medicine (formally the
IOM), ECHO, the Robert Wood Johnson Foundation, the United States Department of
Agriculture (USDA), and the American Academy of Pediatrics are all among prominent
organizations that have advocated for reducing SSB consumption in order to promote health and
reduce childhood obesity. The Beverage Guidance System deems calorically sweetened
beverages as the least desirable beverage choice and recommends they be consumed sparingly.*
The 2015-2020 DGA recommend decreasing SSB intake and that if SSB are consumed, they are
within the limits of no more than 10% of daily calories from added sugars.** Lastly, The
American Heart Association (AHA) concluded that there is strong evidence linking SSB intake
with increased cardiovascular risk in children and made the recommendation that children and

adolescents should consume no more than 8 fl oz of SSB a week (see Table 1).*
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100% Fruit Juices

To define 100% fruit juice, The U.S. Code of Federal Regulations states, “juices directly
expressed from a fruit or vegetable (i.e., not concentrated and reconstituted) shall be considered
to be 100% fruit juice and shall be declared as <100% juice’.”""” Calories consumed from 100%
fruit juice by children appear to be declining.”” NHANES data indicates that in 2003-2004, 100%
fruit juice made up about 83 kcal/day in children aged 2-5 years, 47 kcal/day in children and
adolescents aged 6-11 years, and 50 kcal/day in adolescents aged 12-19 years, and in 2013-2014,
consumption reduced to about 53 kcal/day in children aged 2-5 years, 35 kcal/day in children and
adolescents aged 6-11 years, and 29 kcal/day in adolescents aged 12-19 years. However, the
decrease in calories consumed from 100% fruit juice was only statistically significant in 2-5 year
olds and 12-19 year olds.”” Some may see this decrease as a positive sign toward healthier
beverage patterns, while others advocate that 100% fruit juice is a healthful beverage.

In 1997, Dennison et al., ignited debate over the health of 100% fruit juice when their
cross-sectional study of 168 children either 2 or 5 years old discovered that participants who
consumed >12 fl oz of 100% fruit juice per day had borderline significant (P = 0.06) higher
energy intake, had higher prevalence of overweight at a BMI > 90" percentile (P < 0.01), and
had higher prevalence of short stature (P < 0.01).'”® Critiques of this study were its relatively
small sample size and the fact that it was cross-sectional in design, which limits its extrapolative
and long-term implications. In contrast, a 1999 longitudinal study by Alexy et al. examined 205
German children from the Dortmund Nutritional and Anthropometrical Longitudinally Designed
(DONALD) Study at the ages of 3, 4, and 5 years.'”” The researchers found that total energy
intake of the children consuming > 12 fl oz of 100% fruit juice per day was insignificantly

greater than children with low 100% fruit juice intake, but no associations between the

25



consumption of 100% fruit juice and the occurrence of obesity, overweight, or short stature were
found.'”

Among this confliction, a more recent longitudinal study looked at the relationship of
100% fruit juice consumption on changes in childhood weight, height, and BMI in 6,250 2-5
year old U.S. children as part of the Early Childhood Longitudinal Study, Birth Cohort (ECLS-
B).''? Beverage intake was assessed at ages 2, 4, and 5 years via computer-assisted interviews of
the primary caretaker. About one third of the study participants were considered overweight or
obese. Based on the cross-sectional component of this study’s findings, at age 2 but not at age 4
or 5, the BMI z-scores were lower for the participants that drank 100% fruit juice (> 1 8 fl oz
serving/day) consistently, and no differences were seen in the odd ratios for overweight or
obesity in those that drank 100% fruit juice consistently as compared to the inconsistent/non-
drinkers at any time point. The longitudinal analysis showed that children who did not drink
100% fruit juice regularly at age 2 gained 0.03 units in BMI z-scores by the age of 4 years, but
children that drank 100% fruit juice regularly at age 2 gained 0.28 units in BMI z-scores by the
age of 4 years. Adjusting for sex, race/ethnicity, socioeconomic status, and bodyweight at age 2,
the participants that were considered to be a normal weight at 2 years and drank 100% fruit juice
consistently were more likely to become overweight but not obese from the ages of 2-4 years
compared to inconsistent drinkers. Overall, 2 year olds that drank 100% fruit juice daily, had
greater increase in BMI z-scores from 2-4 years, and they had a 30% higher odds of becoming
overweight.''”

Auerbach et al. conducted a meta-analysis of existing data on 100% fruit juice and its

association with BMI change.''' The meta-analysis examined data from 8 prospective cohort

studies with the studies’ participants ranging from 1 to 12 years in age at baseline, and results
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were divided into age subgroups of younger children (baseline age 1-6 years) and older children
(baseline age 7-18 years). For younger children, a significant association was found between
100% fruit juice intake and increased BMI z-scores, with an increased BMI z-score indicating
the children have increased their weight out of proportion with their increase in height, but the
authors noted that the effect size was not clinically meaningful at the individual level. Children 7
years or older had no association found between 100% fruit juice consumption and increased
BMI z-scores. The meta-analysis is limited by its examination of only 8 studies, all of which
were observational and used varying exposure measures, outcome measures, and adjustment for
covariates.''! The results of this meta-analysis parallel an older meta-analysis and systematic
review that concluded there is no association between excess child weight gain and the
consumption of 100% fruit juice."'*'"

In addition to concerns about 100% fruit juice consumption impacting weight, others
have proposed that 100% fruit juice may increase type 2 diabetes risk partly due to its high
carbohydrate content and lack of fiber. 100% fruit juice has been found to be less satiating than
whole fruits, and some evidence has shown higher insulin response and post-absorptive fall in
plasma glucose with 100% fruit juice intake rather than whole fruits.'"*'"” In contrast, results
from a meta-analysis of 12 randomized controlled trials suggested that 100% fruit juice does not
have a significant impact on fasting glucose and insulin concentrations.''® Unfortunately, there
seems to be limited data on the effects of 100% fruit juice consumption on type 2 diabetes risk in
children and adolescents. However, several studies have been conducted in adults. One study that
examined data from three prospective longitudinal cohort studies in U.S. men and women
concluded that in their participants, consumption of 100% fruit juice was associated with higher

type 2 diabetes risk. They also found that consuming oranges, peaches, plums, and apricots in
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place of 100% fruit juice was associated with lower type 2 diabetes risk.''” However, a
longitudinal study of Japanese men and women reported no association between 100% fruit juice
intake and type 2 diabetes risk.''® The available results from studies on the impact of 100% fruit
juice on type 2 diabetes risk and insulin response in children, adolescents, and adults remain
inconclusive.

Although there is some data linking 100% fruit juice to overweight, increased BMI, and
increased type 2 diabetes risk, a considerable amount of evidence has also indicated that 100%
fruit juice is associated with positive health implications. Firstly, 0.5 cup of 100% fruit juice has
a similar vitamin and mineral content to 0.5 cup of whole fruit. The notable exceptions to this
similarity are that whole fruit has fiber and tends to have more vitamin C than 100% fruit juice.
Nevertheless, 100% fruit juices can contain many vitamins and minerals, including vitamin A,
vitamin C, potassium, and folate, among others. In addition, phytonutrients, which can be found
in 100% fruit juice,'"” have been recognized as having the potential to modulate inflammation
signaling, which could reduce the development of inflammation-related diseases, to reverse
adverse epigenetic markers in cancer cells, and to reduce blood lipid levels."*® However, the
bioavailability of phytonutrients from dietary sources can vary greatly, and their biological and
metabolic impacts are still being studied.'*""'** In addition to 100% fruit juice providing
nutrients, a longitudinal study on beverage intake in children aged 3-9 years at baseline in
relation to body fat at ages 15-17 years found that children with the highest 100% fruit juice
consumption had a 8.0 cm smaller waist circumference at 15-17 years than those with the lowest
consumption.'*® Similarly, a cross-sectional study found 100% fruit juice consumption to be
associated with lower mean BMI percentile among female adolescent participants but did not

find the same association in male participants.'?*
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100% fruit juice has also been associated with better dietary quality. A study of 2003-
2006 NHANES data in 2-19 year olds examined the association of 100% fruit juice consumption
with HEI-2005 scores.'” The study found that 100% fruit juice consumption was associated with
higher HEI-2005 scores, higher whole fruit and total fruit consumption, and lower intake of
added sugars in all age groups.'> However, the study also found that 100% fruit juice was
associated with higher energy intake in 6-12 year olds, 13-18 year olds, and those aged 19+ years
and higher total and discretionary fats in 13-18 year olds, which can be seen as support for the

argument that 100% fruit juice could contribute to obesity development.'?

Another study of
NHANES 2003-2006 data generated usual intakes and found 100% fruit juice consumption to be
associated with significantly higher usual intake of vitamins A and C, phosphorous, folate,
potassium, and magnesium and with a higher likelihood of meeting the recommendations of
these nutrients.'*®

Given the wide array of conflicting evidence about the healthfulness of 100% fruit juices,
further research should continue to be completed to investigate its influence on weight status and
other health conditions. The current data suggests that 100% fruit juice is associated with more
health benefits than health issues. In addition to its nutrient and phytonutrient content and
association with better dietary quality, 100% fruit juice has the ability to possibly reduce
likelihood of SSB intake and help people reach daily fruit recommendations.'?’ The 2015-2020
DGA includes 100% fruit juice in the fruit food group, and 1 cup (8 fl 0z) is considered a 1-cup
serving of fruit. However, the guidelines caution that 100% fruit juice does not contain as much
dietary fiber as whole fruit and that only half of the recommended fruit servings per day should

come from 100% fruit juice. In addition to not containing as much fiber, the guidelines argue that

100% fruit juice should be limited because if consumed in excess it could provide extra,
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unnecessary calories during the day.** The American Academy of Pediatrics has set more
specific recommendations for 100% fruit juice intake by age groups. They state that infants
under 1 year of age should not consume 100% fruit juice, children 1-3 years of age should
consume no more than 4 fl oz/day, children 4-6 years of age should consume no more than 6 fl
oz/day, and children and adolescents 7-18 years of age should be limited to 8 fl oz/day.'*® The
Robert Wood Johnson Foundation’s Healthy Eating Research has published similar
recommendations on 100% fruit juice consumption according to age group with 2-4 year olds
recommended no more than 4 fl oz/day, 5-10 year olds recommended no more than 6 fl oz/day,

and 11-19 year olds recommended no more than 8 fl oz/day (see Table 1).*

Caffeine from Beverages
Some beverages contain caffeine, which is a commonly used and socially acceptable

psychoactive substance'*’

that is a mild stimulant. It is able to easily cross the blood-brain barrier
and act on the central nervous system."*’ Some of the physiological responses to caffeine
consumption are increase in heart rate, temporary increase in blood pressure, relaxation of
smooth muscle cells in the airways, and release of fatty acids and glycerol for use as energy.'*!
In addition, a moderate dose of 200-350 mg of caffeine can heighten feelings of well-being,
enhance concentration, and increase energy and arousal. Whereas, larger doses of caffeine over
400 mg can promote anxiety, nausea, jitteriness, and nervousness. These dosages have been
shown to produce similar effects in children.'*?

Survey data collected from a nationally representative U.S. sample of over 42,000 people

in 2010-2011 was used to create weighted estimates of the proportion of the U.S. population that

consumed caffeinated beverages by age group.'” The study estimated that 43.0% of 2-5 year
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olds consumed caffeinated beverages, 63.0% of 6-12 year olds consumed caffeinated beverages,
83.2% of 13-17 year olds consumed caffeinated beverages, and 85.8% of 18-24 year olds
consumed caffeinated beverages. Of these consumers, they found that 2-5 year olds consumed a
total of 23.7 mg/day of caffeine, 6-12 year olds consumed 36.6 mg/day, 13-17 year olds
consumed 83.2 mg/day, and 18-24 year olds consumed 122.1 mg/day. Coffee, tea, carbonated
soft drinks, and energy drinks were the main sources of caffeine for consumers of all ages."** A
study by Branum et al. that analyzed NHANES data from 1999-2010 indicated the percentage of
U.S. 2-22 year olds consuming caffeine remained fairly consistent over the study period at
approximately 73%."** Branum et al. also found that the percentage of 2-5 and 6-11 year olds
consuming caffeine was considerably higher as compared to the previous study at 62.7% and
74.8%, respectively. However, the mean caffeine intakes were similar across age groups between
the two studies, with the study by Branum et al. reporting caffeine intake at 15.9 mg/day for 2-5
year olds, 31.8 mg/day for 6-11 year olds, 67.5 mg/day for 12-16 year olds, 109.9 mg/day for 17-
18 year olds, and 125.5 mg/day for 19-22 year olds. This study found that soda was the overall
largest contributor to caffeine intake in 1999-2000 at 62% and remained the overall largest
throughout the entire study period but declined to 38% in 2009-2010. Tea’s contribution to
caffeine intake was the second greatest and remained relatively consistent from 1999-2010.
Coffee made up 10% of caffeine intake in 1999-2000 and significantly increased to almost 24%
in 2009-2010. Some differences emerged when looking at the main caffeine contributors for each
age group. In 2009-2010, tea surpassed soda, becoming the largest contributor to caffeine intake
for 2-5 year olds and coffee became the biggest contributor for 19-22 year olds. Energy drinks

remained a small contributor to caffeine intake at about 6%, but this represents an increasing
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linear trend from 1999-2000, which is before energy drinks were even a beverage category on
the NHANES survey.'**

As intake of energy drinks seems to be increasing, so is the concern about their potential
harm on children and adolescents. A large portion of the marketing and advertising of energy
drinks is focused on adolescents, especially males and athletes, which may continue to increase
their popularity among this population.'*> Most energy drinks contain caffeine, but they can also
include other stimulating substances, like guarana, taurine, ginseng, and L-carnitine.”’ Caffeine
content and concentration in energy drinks can be highly variable, ranging from approximately
2.5 to 171 mg per fl oz. And due to energy drinks’ variability in caffeine content, inadequate
labeling of caffeine content, and accessibility to all age groups, caffeine overdose may be a
greater risk with the consumption of energy drinks as compared to other caffeinated beverages.
Caffeine overdose or toxicity can result in symptoms such as anxiety, tachycardia, and
insomnia.'*®

The American Academy of Pediatrics posits concern about the potential for caffeine to
detrimentally impact the development of children’s neurologic and cardiovascular systems and
the risk for dependence on caffeine, and therefore, recommends that caffeine intake should be
discouraged for all children.”’ Health Canada recommends that caffeine intake in children and
adolescents should not exceed 2.5 mg/kg bodyweight/day. Based on the average bodyweight of
children, they report caffeine intake should not exceed 45 mg/day for 4-6 year olds, 62.5 mg/day
for 7-9 year olds, and 85 mg/day for 10-12 year olds. Health Canada did not state
recommendations for adolescents 13 years or older due to insufficient data. According to
approximations of caffeine content in various beverages, the caffeine recommendations would

equate to approximately 12 fl oz of green tea (45 mg caffeine) for a 4-6 year old, approximately

32



4 1 oz of brewed coffee (67.5 mg caffeine) for a 7-9 year old, and approximately 24 fl oz of a
regular cola beverage (72-92 mg caffeine) for a 10-12 year old."’ Ruxton reviewed randomized
controlled trials, observational studies, and expert panel guidelines regarding caffeine use in
children and adolescents.'” The researcher concluded that moderate caffeine use is likely not
harmful. For children > 4 years, caffeine intake at 2.5 mg/kg bodyweight/day optimized the
amount of benefit received from caffeine (i.e., improved attention and accuracy in cognitive
tests) while limiting the potential for negative effects, such as agitation, anxiety, and distorted
sleep patterns. This also indicates that children under 4 years should not consume caffeinated
beverages.'?’ However, based on studies from many countries, including the U.S., the European
Food Safety Authority published more recent caffeine guidelines in 2015, stating that a
maximum caffeine intake of 3 mg/kg bodyweight/day is safe for people 3-18 years old and
adults.* Caffeinated beverage consumption should not exceed the recommended safe levels of

caffeine intake (see Table 1).

Unsweetened Coffee and Tea

Tea is a beverage that is traditionally made by steeping the leaves, leaf buds, and
internodes of the plant Camellia sinensis in boiling water. Tea has been consumed for many
years, with evidence of its use as early as 500 BC in China. The major varieties include: green
tea, yellow tea, white tea, Oolong tea, black tea, and Pu-erh tea, and they all vary based on how
the tea leaves have been produced and processed.?’ In-vitro evidence shows green and black teas
to be strong antioxidants due to the presence of compounds called polyphenols. Moieties present
in polyphenols are able to scavenge reactive oxygen species (ROS), which include superoxide

radicals, hydrogen peroxide, and hydroxyl radicals. Polyphenols have also been identified as pro-
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oxidants, meaning they are able to undergo autoxidation, which has shown to be effective in
inhibiting cancer cell growth and initiating cancer cell death in-vitro. However, absorption of
polyphenols from tea in the gastrointestinal tract of humans is considered low, and the
antioxidant and pro-oxidant capabilities of green and black tea in-vivo remains under
investigation.'*® Unfortunately, there is currently limited research on the health impacts of tea in
children and adolescents, but there are a number of studies that focus on the adult population.
Cardiovascular disease, stroke, and diabetes are diseases that have the potential to be
positively impacted by compounds in tea.'*® Deka and Vita conducted a review of observational,
intervention, and epidemiological studies in adults on the effects of tea on cardiovascular
disease."” The proposed mechanisms of tea’s benefit on cardiovascular disease include:
lowering blood pressure, improving dyslipidemia, improving insulin sensitivity, enhancing
weight loss, scavenging ROS, reducing inflammation, improving endothelial function, inhibiting
platelets, and inhibiting smooth muscle cell proliferation and migration. The researchers found
that the majority of the studies suggested an association between higher consumption of green
and black tea and lower cardiovascular disease risk. However, there were many mixed results
from the studies, and they concluded that there is not enough evidence to make specific dietary

recommendations regarding the use of tea as part of a heart-healthy diet.'*’

A meta-analysis of
ten studies on tea consumption and stroke in adults concluded that across all studies, green and
black tea consumption was associated with a lower risk of occurrence of stroke and death from
stroke. The researchers found that participants who drank > 3 cups of tea per day had an

approximately 21% reduced risk of having a stroke when compared to those that did not drink

tea.'** Another review analyzed studies for the effects of green tea on type 2 diabetes risk factors

in obese adults."*' They identified green tea as having the potential to aid in glucose control in
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people that have metabolic syndrome because phenolic compounds in green tea can increase
insulin production by stimulating pancreatic beta cells. The review also found in-vitro evidence
of green teas’ ability to improve cell glucose reception through activating adenosine
monophosphate-activated protein kinase.'*'

Tea can also contain considerable levels of fluoride due to the plant Camellia sinensis
absorbing fluoride from dirt and water while growing.'** A study of 43 brands of tea found that
the mean fluoride concentrations were 2.08 + 1.24 ug/ml in caffeinated teas, 4.38 + 0.97 ug/ml in
decaffeinated teas, and 0.05 + 0.02 pg/ml in herbal teas.'* Consumption of fluoride is
considered a way to improve teeth health and prevent dental caries, and the concentrations found
in nearly all the teas from this study met or exceeded the optimal amount of fluoride for
preventing dental caries, which elicits the risk for dental fluorosis. This is concerning for
children developing teeth and drinking tea that has also been made with fluoridated water.'*
Another study analyzed the fluoride content of black blended tea to estimate the fluoride
exposure from habitual tea intakes in children and adults in the United Kingdom (UK)."** The
mean fluoride contents in the tea infusions from this study were 3.0 mg/L in specialty teas, 7.0
mg/L in decaffeinated teas, and 4.91 mg/L in black blended teas. The UK National Diet and
Nutrition Survey 2008-2011 indicated that the mean tea intake for all participants was 15 ml/day
for people 1.5-3 years old, 24 ml/day for people 4-10 years old, 82 ml/day for people 11-18 years
old, 395 ml/day for people 19-64 years old, and 536 ml/day for people > 65 years old. When
comparing the mean fluoride contents in teas to mean tea consumption, all of the age groups had
estimated fluoride intakes below the reported RDA of 3.5 mg/day. This shows that the current

mean consumption rates of tea in the UK do not pose a great risk of fluoride overconsumption.
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However, because there is a risk of dental fluorosis in younger children, the researchers
concluded that tea is likely not appropriate for those under the age of 4 years.'**

Coffee is prepared through roasting and grinding coffee beans and then brewing them
with water.*’ Drinking coffee is a staple in many people’s daily routines around the world and
likely originated about 1200 years ago in northeast Africa.'* The two most commonly cultivated
plants for commercial coffee beans are Coffea arabica and Coffea robusta. The greatest
difference between these two types of coffees is that Robusta coffees can contain nearly double
the amount of caffeine as compared to Arabica coffees. Robusta coffees also contain higher
amounts of phenols, complex carbohydrates, volatile fatty acids, and sulfur compounds. The U.S.
has increased its importation of Robusta coffees, with only 6% of coffee imports being Robustas
in 1950 to making up 35% of coffee imports in 1975.'*

In general, coffee is made up of numerous chemical compounds, including amino acids,
carbohydrates, alkaloids, chlorogenic acids, and minerals.'"*’” Arguably, the most well known
component of coffee is caffeine, which, as previously mentioned, can impact the central nervous
system and result in a stimulatory effect. In addition, coffee potentially has a protective effect
against certain types of cancers, cardiovascular disease, and oxidation of low-density
lipoproteins, largely due to the presence of antioxidants.'** Chlorogenic acid is a polyphenol and
the main antioxidant present in coffee.'** Intestinal microflora hydrolyze chlorogenic acid into
caffeic acid and quinic acid, and in-vitro evidence has shown chlorogenic acid and caffeic acid to
have antimutagenic effects and antioxidant effects by scavenging ROS.'* A randomized
controlled trial on healthy adults tested the effects of chlorogenic acid consumption in coffee on
plasma antioxidant capacity, serum lipid profiles, and vascular function.'*® The participants were

habitual coffee drinkers and randomly divided into three groups: the control group consuming no
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coffee, the high content of chlorogenic acid group consuming 400 ml/day of filtered coffee with
high chlorogenic acid, and the medium content of chlorogenic acid group consuming 400 ml/day
of filtered coffee with medium chlorogenic acid content. The participants had anthropometric
measurements and blood samples taken at baseline and the end of the eight-week treatment.
Plasma concentrations of caffeic and ferulic acids and antioxidant capacity were also assessed at
an acute time point one hour after the participants’ assigned treatment and after the eight-week
treatment. The medium content of chlorogenic acid group had significantly higher plasma
concentrations of caffeic and ferulic acid at the one-hour time point and after the eight-week
treatment. Both groups that drank coffee had significantly higher plasma antioxidant capacity at
the one-hour time point as compared to the control group whose plasma antioxidant capacity
declined during the same time period. A higher antioxidant capacity is beneficial because it
indicates better protection against free radicals that can promote the development of diseases
such as cardiovascular disease. In addition, this study’s results showed no negative impacts on
the participants’ lipid profile, which differs from the results of some other studies.*''>* All of
the participants’ nitric oxide plasma metabolites, vascular endothelial function, and blood
pressure experienced no significant changes after the eight-week intervention.'°

Although tea and coffee have demonstrated potentially positive impacts on a number of
diseases and human health, their caffeine content can be an issue for children and adolescents.
The British Nutrition Foundation recommends that 5-11 year olds only consume tea and coftfee
occasionally and in small quantities in order to reduce the likelihood of consuming too much
caffeine. They also suggest that if tea and coffee are consumed that it be decaffeinated and with
reduced-fat milk and no added sugars."** Based on the Beverage Guidance System, < 40 fl oz of

tea and coffee is appropriate per day,* but one must consume these beverages in an amount that
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does not exceed safe daily caffeine intake recommendations of 3mg/kg bodyweight/day (see

Table 1).%

Non-calorically Sweetened Beverages

Non-calorically sweetened beverages contain nonnutritive sweeteners (NNS) or artificial
sweeteners, which are considered food additives in the U.S. and can provide a sweet taste to
foods and beverages while adding little to no calories. The Food and Drug Administration (FDA)
has currently approved six sweeteners for use as food additives, including: saccharin, aspartame,
acesulfame potassium (Ace-K), sucralose, neotame, and advantame. Steviol glycosides from the
stevia plant and extracts from monk fruit are also two sweeteners that are “generally recognized
as safe”, meaning that available information has indicated they are safe when used as intended.
All of these types of sweeteners are used in many foods and beverages and are often found on
items that use the term “sugar-free” or “diet.”">> Consuming foods that contain NN rather than
other sweeteners, such as corn syrup or cane sugar, is thought to benefit people that want to
enjoy sweet foods or beverages without having to consume additional calories from these
product. Foods and beverages containing these types of sweeteners have been increasing in
production and consumption with the increasing rates of obesity and related health problems like
type 2 diabetes and cardiovascular disease. However, questions still remain regarding the safety
of consuming NNS and whether they actually benefit one’s health.'*®

A study using NHANES data from 2009-2012 found that the prevalence of NNS
beverage consumption was 13.3% in 2-5 year olds, 19.4% in 6-11 year olds, and 22.3% in 12-17
year olds."”” Prevalence of total NNS (including both foods and beverages containing NNS)

consumption equated to 25% of children and over 41% of adults in the U.S. When compared to a
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study that used data from 1999-2000,"** NNS consumption from foods and beverages has
increased by 200% in children and increased by 54% in adults. The researchers suggest that the
increasing prevalence of NNS consumption may be in response to obesity-prevention campaigns
that try to reduce the consumption of added sugars and excess calories. Beverages remained the
largest contributor to NNS consumption among children and adults, but NNS consumption from
food has increased compared to previous years."’

Due to the negative health implications associated with SSB consumption, beverages
containing NNS have been proposed as healthier alternatives, which could be a contributing
factor to the increase in NNS consumption. A review of the long-term health outcomes of
replacing SSB with other beverages found that available evidence indicated a beneficial, yet
modest, effect of replacing SSB with low-calorie alternatives, including water, coffee and tea,
and NNS beverages, on long-term bodyweight management in children and adults.'” However,
there was not enough conclusive information regarding the effects of SSB substitution on type 2
diabetes, stroke, and cardiometabolic risk factors. There was also insufficient evidence to
promote using one of the low-calorie alternative over the others, and the researchers suggest that
the optimal alternative may vary depending on age and health outcome.'”® These results are
similar to the study that found when overweight adolescents, that regularly consumed SSB,
decreased their SSB intake by consuming non-caloric beverages (i.e., unsweetened water and
NNS beverages), they experienced a decrease in BMI after the 1-year intervention. However, the
researchers did not find NNS beverages to be more preferable than the other non-caloric
beverages, and during the intervention, they actually emphasized to participants that
unsweetened water was recommended over NNS beverages.”® A systematic review analyzed

randomized controlled trials and prospective cohort studies regarding NNS and cardiometabolic
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health in adults.'® This study concluded that consuming NNS is inconsistently associated with
reducing bodyweight, BMI, or waist circumference, and the longer-term, larger prospective
cohort studies found a significant association among NNS consumption and modest increases in
bodyweight, BMI, or waist circumference. The cohort studies indicated that NNS consumption
was significantly associated with a greater risk of obesity, hypertension, metabolic syndrome,
type 2 diabetes, stroke, and cardiovascular disease events.'®® NHANES data from 2009-2014
from individuals aged 2-19 years was used to assess the relationship between NNS, energy
intake, and weight status in U.S. children and adolescents.'®" In the adolescent participants, the
study found that those who consumed NNS beverages had 55% to 70% higher odds of having
obesity than non-consumers. Interestingly, there was no association found between consuming
NNS foods and obesity odds. There were also no consistent associations found between NNS
consumption and obesity odds among 2-11 year olds. In addition, energy intake did not change
based on NNS consumption in any of the groups, which may imply that NNS beverage
consumption could independently impact obesity development regardless of energy intake.'®’
The National Diet and Nutrition Survey Rolling Programme provided data on 1,687 UK children
and adolescents aged 4-18 years and examined the associations of SSB and NNS beverages with
energy and sugar intake and cardiometabolic measures.'®® The mean amount of SSB consumed
by the SSB consumers was 311.9 g/day, and the mean amount of NNS beverages consumed by
the NNS beverage consumers was 351.4 g/day. Those consuming SSB had higher energy intakes
from beverages, higher overall sugar intake, and higher sugar intake from beverages. No
statistically significant association between the intake of NNS beverages and higher overall sugar
intake was found, but NNS beverage consumption by males was associated with higher sugar

intake from solid foods. Compared to non-consumers, consumers of NNS beverages and
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consumers of SSB had higher glucose levels. These findings may suggest that consuming SSB or
NNS beverages can influence taste preferences toward sweet tastes, and NNS beverages may
impact glucose metabolism.'®” One of the proposed mechanisms by which NNS beverages can
disrupt metabolism is based on the work by Pavlov,'® which provided evidence that
environmental cues can elicit physiological responses from digestive and metabolic processes.
When the body tastes a sweet food, it is conditioned to prepare for the arrival of sugars and
energy in the gastrointestinal tract, which is considered a cephalic phase response that helps in
efficient energy utilization. However, NNS beverages provide little to no energy, and according
to Pavlovian conditioning, this sweet taste with no subsequent energy can condition the body to
ineffectively respond to the presence of real sugars because a sweet taste is no longer necessarily
associated with energy intake.'® In a series of experiments that utilized rat models, researchers
strived to better understand how NNS could impact the association between sweet tastes and
energy intake and how this may affect caloric intake, caloric compensation, and body weight.'®
One of the experiments consisted of rats randomly placed in two groups that were considered
predictive and non-predictive based on their exposure to yogurt sweetened with glucose and then
standard chow or their exposure to yogurt sweetened with saccharin and then standard chow,
respectively. The results from the study indicated that lowering the correlation between a sweet
taste and a higher calorie intake was associated with increased energy intake and bodyweight in
rats. They also indicate that the rats exposed to a sweet taste that accurately predicts additional
calories (glucose and yogurt) were able to calorically compensate for a new sweet, calorie-
containing food by reducing subsequent chow intake, but the rats exposed to a sweet taste that

did not accurately predict additional calories (saccharin and yogurt) were unable to calorically
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compensate for a new sweet, calorie-containing food and did not reduce their subsequent chow
intake.'®

In 2012, the American Heart Association and the American Diabetes Association
concluded that there is insufficient data on NNS in order to determine whether consuming NNS
in place of caloric sweeteners reduces carbohydrate intake or benefits appetite, energy balance,
bodyweight, or cardiometabolic risk factors.'®® A review published by the American Academy of
Pediatrics on NNS consumption and long-term metabolic health in children found that half of the
six cohort studies reported a positive association between NNS intake and weight gain or fat
accumulation, whereas one of the randomized controlled trials reported an association between
NNS consumption and lower weight gain or fat accumulation.’? The researchers also concluded
that conflicting results and a lack of well-designed studies warrants uncertainty regarding the
effect of NNS on metabolic health in children. They state that further research is required to
provide evidence-based recommendations for NNS use in children and adolescents.”” The
Beverage Guidance System also expresses uncertainty regarding the desirableness of consuming
non-calorically sweetened beverages, discussing research that links NNS to weight loss but
maintaining the concern that NNS could condition preferences for sweet flavors. Therefore, they
have ranked non-calorically sweetened beverages as able to be consumed healthily in larger
amounts than caloric beverages with some nutrients (i.e., milk and 100% fruit juice) but as less
preferable than unsweetened coffee, tea, or water. They recommend that intake should not
exceed 32 fl oz/day.*® However, considering the uncertainty regarding the safety of NNS for
children and adolescents, a more conservative recommendation may be more appropriate,
especially since a clinical report from American Academy of Pediatrics stated that NNS

beverages presently “have a limited place in a child’s diet.””® The HBI for adults adapted
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recommendations from the Beverage Guidance System, and recommended up to 16% of daily
fluid intake be made up of NNS beverages,®” which would equate to up to approximately 16 fl oz

based on the Beverage Guidance System’s 98 fl oz suggested beverage consumption pattern (see

Table 1).*

Milk

Fluid milk and foods made from milk are categorized under the Dairy Food Group in the
2015-2020 DGA.* The USDA defines milk as “the lacteal secretion, practically free from
colostrum, obtained by the complete milking of one or more healthy cows.”'*” Milk from cows
and other mammals is composed of nutrients that are ideal for the growth and development of
offspring. Cow milk, also called bovine milk, contains many nutrients, including fatty acids,
proteins, lactose, calcium, vitamin A, phosphorous, magnesium, riboflavin, zinc, vitamin B12,
and vitamin D.**'®*'% It also contains hormones, immunoglobulins, growth factors, and
cytokines.'®® Commercially processed milk provides about 8 grams of protein in 8 fl oz, and it is
generally available in the form of whole milk, reduced-fat milk, low-fat milk, and skim milk. Per
8 fl oz, whole milk contains about 8 grams of fat, reduced-fat or 2% milk contains about 4.8
grams, low-fat or 1% milk contains about 2.4 grams, and fat-free or skim milk contains about 0.2
grams. Most of the fats in milk are saturated, which results in whole milk greatly contributing to
Americans’ saturated fat intake.*’

Plant-based milk alternatives are growing in popularity among western countries and are
sometimes included in the discussion and analysis of dairy products. These beverages are made
through the breakdown of plant matter in water, which results in a product that is similar in

appearance and texture to cow milk. Plant-based milk alternatives can be made from a variety of
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plants, including soybeans, almonds, hemp, oats, rice, and flax. As a result, the nutrient
composition of plant-based milk alternatives can be highly variable.'”® The 2015-2020 DGA
only recognizes fortified soy beverages, commonly referred to as soymilk, as a part of the Dairy
Food Group. This is because soy beverages that have been fortified with calcium, vitamin A, and
vitamin D have a comparable nutrient composition to cow milk and can be used similarly in
meals.**

In the U.S., the consumption of milk is widespread and peaked in the 1940°s.*’ According
to NHANES data from the years 1989-2010, intake of full-fat milk (including plain and flavored
2% and whole milk) among U.S. 2-18 year olds decreased, making up 11.2% of energy intake in
1989-1991 and decreasing to 6.9% of energy intake in 2009-2010. Conversely, intake of nonfat
milk (including plain and flavored 1% and skim milk) increased from 0.6% of energy intake in
1989-1991 to 2.3% of energy intake in 2009-2010.* According to another study using 2003-
2012 NHANES data, milk (including flavored milk, almond beverages, soymilk, and other milk
alternatives) remained the greatest source of per capita beverage calories for 2-11 year olds over
this period of time.”® A study using NHANES data from 2001-2010 concluded that over this
period of time, the absolute amount of milk (including sweetened milks, milks with varying fat
contents, and milk alternatives) consumed among 2-19 year olds significantly decreased from
11.3 to 10.1 fl 0z.'”" It is also important to note that beginning in childhood, milk consumption
tends to decline as age increases and remains lower in adulthood.* In addition, females tend to
consume less milk than males.'”?

Incorporating milk into one’s diet can provide a number of important nutrients, especially
for children and adolescents. Calcium is often identified as a key nutrient found in milk because

of its role in the development and health of bones. In the U.S., milk has been found to contribute
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to at least 50% of the calcium intake in children and adolescents, and milk consumption has been
identified as an indicator of total calcium intake in this age group.'’” Adequate calcium is
especially important during childhood and adolescence because calcium is vital in the formation
of peak bone mass during this time and into early adulthood. It also plays a role in cell signaling
pathways, vascular functions, and the central nervous system. Milk’s composition of protein and
phosphorous also helps in the biological absorption of calcium.'® In addition, the U.S.
supplements milk with vitamin D precursors, which can improve calcium absorption. Despite
milk’s nutrient composition, a 2005 review of calcium and dairy products on bone health in
children and adolescents found that 27 studies reported no significant positive relationship
between dairy or dietary calcium and bone health.'” Nine other studies found small effects on
bone health. In fact, they found evidence indicating the animal protein and sodium content in
milk might increase the urinary excretion of calcium.'”* The researchers concluded that the
majority of studies found increased dairy consumption to not be correlated or a predictor of bone
mineral density or fracture rates in children and adolescents. They also did not find evidence to
support that milk is a preferred calcium source.'”> However, a study conducted in New Zealand
used participants that ranged from 3-10 years old at baseline and had a history of avoiding the
consumption of cow’s milk.'” The children had reported low dietary calcium intake and had
lowered z scores for bone mineral content. Compared to over 1,000 children from the same city,
the study participants had higher prevalence of osteopenia and overweight, and they had higher
occurrence of bone fractures. The researchers concluded that children avoiding cow’s milk and
not consuming other calcium substitutes are prone to experiencing bone fractures and

175

overweight. > A 2008 meta-analysis was conducted on dairy and calcium intake on bone mineral

content in children and adolescents.'”® Calcium intervention trials where participants generally
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had baseline normal or near normal calcium intakes resulted in little change to bone mineral
content. In studies that used participants with baseline low calcium intakes, they found a
statistically significant 25 times greater impact on bone mineral content when compared to
studies that used participants with baseline normal or near normal calcium intakes. Studies that
supplemented participants’ diets with calcium or dairy and vitamin D showed an increase in bone
mineral content at the lumbar spine.'”® Based on these findings, milk consumption does not seem
to have a detrimental effect on bone health and provides a dietary source of calcium.

Milk intake has also been linked to blood pressure levels. A meta-analysis of prospective
cohort studies using adult participants found a significant inverse linear relationship between
milk intake and incidence of hypertension.”” However, no significant relationship was found
between hypertension and high-fat dairy products, total fermented dairy products, yogurt, or
cheese.!”” Similar results have been found in a limited number of studies on children. A study
using 335 children from Australia looked at the effect of dairy consumption on blood pressure in
mid-childhood.'”® Dietary intake was assessed at an average 18 months of age and both blood
pressure and dietary intake was assessed at an average 8 years of age. A significant inverse
relationship was found between early dairy consumption and lower systolic blood pressure for
the children at 8 years. The children that had the highest dairy consumption had lower systolic
and diastolic blood pressure than the children with the lowest dairy consumption. Unfortunately,
this study did not differentiate between types of dairy products and instead used total dairy intake
by adding together servings of milk, cheese, yogurt, and custard.'”® Another study looked at the
impact of fruit, vegetable, and dairy intake on blood pressure levels in children.'” They used 95
children that were 3-6 years old at baseline and assessed dietary intake, blood pressure, and other

anthropometric measures annually through the age of 12 years. Each child was classified based
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on their servings per day of fruits, vegetables, and dairy products. The children that consumed
higher levels of dairy products had greater calorie-adjusted intakes of fat, saturated fat, protein,
calcium, magnesium, potassium, and vitamin D. In addition, the children that consumed more
fruits and vegetables or more dairy products over their preschool ages had smaller increases in
their systolic blood pressure as compared to the children that consumed fewer of these foods.
This study also further classified children based on the amount of dairy they consumed and if the
majority of their dairy products were high-fat or low-fat. There was no consistent benefit
observed from the consumption of low-fat dairy products versus high-fat dairy products. The
researchers concluded that dairy products showed a slightly stronger protective effect on blood
pressure in comparison to fruits and vegetables, but the greatest benefit was seen from those
consuming high amounts of dairy and high amounts of fruits and vegetables.'”

Milk intake has also demonstrated effects on weight in children and adolescents. A
review on the effects of dairy products on health outcomes in children and adolescents found that
34 observational or intervention studies reported no relationship or an inverse relationship
between the consumption of dairy products and BMI, body fat, or energy balance.'’? Four of the
five reviewed randomized controlled trials found no association between dairy and adiposity
measures, and the other randomized controlled trial found an inverse relationship. However, a
cross-sectional study using 2-10 year olds and 1994-2004 NHANES data found a positive
association between BMI and dairy intake.'”* An observational study used data from a
randomized controlled trial that was implementing an obesity treatment program on 10-15 year
olds with a BMI > 97" percentile for age and sex.'™ 91 adolescents were included in the study,
and the researchers collected the participants’ height, weight, 3-day dietary recall, and physical

activity levels. They found that total dairy, unflavored milk, reduced fat and low-fat or fat-free
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dairy intakes were associated with larger decreases in BMI z-scores, but this association was not
found after adjusting for physical activity level and other dietary patterns.'® One study that used
2005-2008 NHANES from 8-18 year olds found dairy intake to be associated with smaller
subscapular skinfold thickness.'®' A systematic review and meta-analysis looked at prospective
cohort studies to assess the long-term association between dairy intake and the risk of childhood
obesity. The ages of the studies’ participants were 2-14.9 years of age and they were followed for
1-8 years.'™ The participants that had the greatest intake of foods in the dairy category were 38%
less likely to be overweight or obese as compared to those with the lowest intake of foods in the
dairy category. Also, a 1 serving/day increment in dairy intake was linked to a 13% decrease in
risk of overweight or obesity and a 0.65% decrease in percentage body fat.'*

According to 2001-2004 NHANES data, 40.9% of 2-3 year olds, 42.2% of 4-8 year olds,
67.5% of 9-13 year old males, 67.7% of 14-18 year old males, 83.8% of 9-13 year old females,
and 92.2% of 14-18 year old females did not meet the recommended intakes of milk."® There is
also concern and evidence that milk is being displaced by SSB.'™ Due to milk’s potential
positive health impacts on children and adolescents and the number of nutrients it can provide,
consuming recommended levels is important. A diet modeling study using NHANES data from
2007-2010 determined that if Americans were to consume the recommended levels of dairy
products, all people would meet the estimated average requirement of calcium, nearly all women
(aged 9-71 years) and some men (aged 9-71 years) would have adequate intake of vitamin A, all
boys and girls (aged 9-18 years) would meet their phosphorous recommendations, and no
significant change would occur for providing adequate vitamin D intakes.'® The 2015-2020
DGA states that most Americans would benefit from increasing their intake of dairy products

from low-fat or fat-free sources. Soy beverages can also be consumed as low-fat milk
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alternatives.** The American Academy of Pediatrics’ Bright Futures program specifically
recommends that 1-2 year olds consume whole milk, while individuals over the age of 2 years
should only consume low-fat or fat-free milk.”* The 2015-2020 DGA also states it is important to
limit the consumption of dairy products with added sugars in order to meet the recommendation
that less than 10% of daily calories come from added sugars. They recommend that 2-3 year olds
consume 2 cup-equivalents per day of dairy, 4-8 year olds consume 2.5 cup-equivalents per day,
and 9-18 year olds and adults consume 3 cup-equivalents per day. One cup (8 fl 0z) of milk is
considered a 1 cup-equivalent of dairy. Because recommendations are set at cup-equivalents, this
means that individuals are not required to consume milk and could meet their dairy requirements

through dairy products other than milk (i.e., cheese or yogurt).**

The Healthy Beverage Index for U.S. Children and Adolescents

As SSB and liquid calorie intakes have been indicated as potential factors in the
development of obesity and NCD and because children and adolescents consume approximately
18% of their daily energy from beverages,* a tool for evaluating beverage pattern quality among
this population is needed. To fill this need, an adaption of the current HBI for adults will be
made based on more relevant beverage recommendations for children and adolescents. The HBI-
CA can lead to further investigation of dietary and beverage patterns and identify beverage
components that need improvement in order to better align with recommendations.

Although there are resources available providing beverage recommendations for children
and adolescents, few encompass the entire age range of 2-19, and many provide general
recommendations rather than specific quantities or ranges of intake by age group. The HBI-CA

will provide a resource for individuals, clinicians, and researchers to quickly identify beverage
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recommendations for children and adolescents, and it will help people understand if an
individual’s beverage patterns align with current recommendations. The beverage
recommendations described in this literature review represent an attempt to incorporate and
summarize current recommendations from multiple sources. In cases where multiple
recommendations exist for beverages, the more conservative recommendation will generally be
utilized in the HBI-CA, as a healthy beverage pattern could consist of exclusively fluid drinking
water. The current recommendations identified are not exhaustive, and beverage
recommendations may change as more research develops in this population; therefore, the HBI-
CA is meant to be a dynamic tool that should be adapted as new, evidence-based

recommendations are established.

Rationale

One of ECHO’s action initiatives posed to governments and agencies around the world is
to contribute to developing and implementing monitoring and accountability mechanisms for the
comprehensive recommendations to ending childhood obesity.?’ In order to hold these agencies
accountable for taking action and in order to assess actions taken, methods for measuring
effectiveness of programs and initiatives for children and adolescents are necessary. Also, due to
the importance of focusing health resources on children and adolescents and the importance of
beverage intake on health, a HBI is needed for this target population. The HBI-CA will provide a
tool that allows researchers and clinicians to assess beverage pattern quality. For example, a
study in New York child-care centers on the comparison of children’s food and beverage intakes
with national recommendations'®® could have benefitted in the utilization of the HBI-CA in order

to provide scores that directly represent beverage pattern quality as it relates to beverage
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recommendations. In addition, studies have attempted to identify and assess beverage patterns,
but they have had to develop their own unique beverage clusters, which can be time-consuming
and produces highly variable clusters from one study to another.****'*’ Utilization of the HBI-
CA in these types of studies could reduce the need for developing unique beverage patterns and
instead provide a numerical value for beverage pattern quality that could be used to assess the
relationship between beverage consumption and disease. The HBI- CA could also be used to
assess the impact of dietary interventions, compare beverage pattern quality over time, and
provide a point of correlative data for epidemiological study of beverage pattern quality and the
development of disease. The variation in the methods used to assess beverage patterns in this
population limits the ability to compare beverage patterns over time and between studies.
Therefore, the HBI-CA will fill the gap in evaluative tools for beverage pattern quality and help
to improve the quality of research and programs designed to improve health during a

fundamental time period in human life.
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Chapter 2: The Development and Evaluation of the Healthy Beverage Index for U.S.
Children and Adolescents
Introduction

Children and adolescents are between the ages of 2-19 years,' with children defined as 2-
9 year olds and adolescents as 10-19 year olds.” This span of human life encompasses many
physical and mental changes, including physiological growth, the development of motor and
self-regulatory skills in childhood,’ and increased capacity for abstract thought in adolescence.*
Health, nutrition, security, caregiving, and learning are major influences on how children
develop.’ In addition, food preferences and dietary behaviors can develop in early childhood.””
Promoting healthy behaviors and dietary habits in this population is of great importance due to
the prevalence of noncommunicable diseases (NCD) and obesity. NCD are chronic diseases that
arise from a combination of genetic, physiological, environmental, and behavioral factors. The
most common NCD are cardiovascular diseases, cancers, chronic respiratory diseases, and
diabetes.® These health conditions are often caused by modifiable behaviors, such as tobacco use;
consumption of foods high in saturated fat, trans fat, salt, and added sugars (especially in the
form of sugar-sweetened beverages [SSB]); physical inactivity; and excessive alcohol
consumption.’ In addition to these behaviors, obesity is one of the greatest risk factors for
developing NCD.'® In 2002, 1.2 million people under 20 years of age died from NCD
worldwide,'" and evidence has indicated that more than 25% of obese adolescents show signs of
diabetes by 15 years old."

The prevalence of obesity is growing among 2-19 year olds in the U.S., increasing from
13.9% in 1999-2000 to 17.2% in 2013-2014." The increase in obesity prevalence could be a

result of factors that make up an obesogenic environment,'* such as easy access to energy-dense,
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nutrient-poor, highly processed foods and lack of opportunity for physical activity. These factors
encourage energy imbalance, which can lead to obesity.'” The World Health Organization’s
Commission on Ending Childhood Obesity recommends that one of the ways to combat
obesogenic environments and reduce childhood obesity is to implement comprehensive programs
that promote the consumption of healthy foods and reduce the consumption of unhealthy foods
and SSB."’ Growing evidence has identified negative health impacts from SSB consumption,'> >’
and beverages are becoming an important consideration of dietary intake.

In 2009-2010, beverages constituted 18% of the daily calories of 2-18 year olds in the
U.S.,”! which does not meet the Beverage Guidance Panel’s Beverage Guidance System
recommendation that beverages make up no more than 10-14% of daily calories.*” Limiting
beverage calories is suggested because most beverages tend to lack nutrients as compared to the
amount of calories they provide.”” However, for younger age groups, it is reasonable for high-
nutrient beverages, specifically milk, to make up a larger proportion of total energy intake.

Evidence has also indicated that fluid calories may be less satiating than solid foods>>*

and may
not effectively initiate dietary compensation, which is a natural adjustment of future calorie
intake as a result of previous intake.”” The consumption of calorie-containing fluids has been

associated with higher total energy intake**>*

and higher body mass index or body weight in
children.**** Although some calorie-containing beverages should be limited, it is important to
maintain adequate hydration due to the numerous roles that water has in physiological
processes.” The adequate intake of fluids from total beverages for children aged 1-3 years is 0.9
L/day and 1.2 L/day for children aged 4-8 years. The adequate intake of fluids from total

beverages for older children and adolescents varies by sex: 1.8 L/day for males and 1.6 L/day for

females aged 9-13 years, 2.6 L/day for males and 1.8 L/day for females aged 14-18 years, and
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3.0 L/day for males and 2.2 L/day for females aged 19 years. One mL of fluid per one calorie
consumed per day can also be used to estimate one’s daily fluid needs.*

From 2003 to 2014, milk (including flavored milk and milk alternatives) made up the
greatest source of beverage calories in 2-11 year olds, whereas in 12-19 year olds, SSB was the
greatest source. Over these same years, the prevalence of water consumption increased and the
per capita consumption of calorie-containing beverages in children and adolescents declined
from 474 calories to 313 calories.’” The relative reduction in beverage calories has been
indicated as a reason for a decline in overall energy intakes among U.S. consumers in 2003-
2011.%® This demonstrates the impact that beverages can have on daily caloric intake.

The 2015-2020 Dietary Guidelines for Americans (DGA) encourages healthy eating
patterns, which represent the various combinations of foods consumed over time.*” Focusing on
eating patterns rather than specific foods and nutrients provides a better representation of how
people actually eat and may better predict health status and disease risk.** Numerical indexes,
such as the Healthy Eating Index (HEI), are generally used to assess overall dietary patterns.*’
The HEI measures dietary quality based on the DGA, and receiving a higher score indicates
better adherence to recommendations and better dietary quality.*’ A study demonstrated the
highest HEL, Alternative HEI,** and Dietary Approaches to Stop Hypertension* scores were
associated with a 22% reduction in all-cause mortality risk, a 22% reduction in cardiovascular
disease risk, a 16% reduction in cancer risk, an 18% reduction in type 2 diabetes risk, and a 15%
reduction in neurodegenerative disease risk.** Beverage patterns also relate to dietary patterns
and health, with a systematic review linking the consumption of unsweetened tea and coffee,
low-fat milk, beverages containing non-nutritive sweeteners, and fruit or vegetables juices with a

healthier dietary pattern and the consumption of high-fat milk, alcohol, and SSB to a less healthy
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dietary pattern.* In order to adequately assess beverage pattern quality in adults, a Healthy
Beverage Index (HBI) was created.*® The HBI for adults used recommendations from the
Beverage Guidance System? and the DGA* to create ten unique beverage components,
including water, unsweetened coffee and tea, low-fat milk, diet drinks, 100% fruit juice, alcohol,
whole milk, SSB, total beverage energy, and overall fluid requirements. Using 2005-2010
National Health and Nutrition Examination Survey (NHANES) data, higher HBI scores were
found to be positively associated with better lipid profiles and lower odds ratios for hypertension
in adult men and women.*

Because the HBI is designed for adults >19 years and because many beverage
recommendations for children and adolescents differ from those for adults, a HBI for children
and adolescents is needed. This type of tool can be extremely useful in assessing beverage
pattern quality in clinical, public health, and research settings.*® Multiple studies have attempted
to assess beverage patterns and their relationships with dietary patterns and health outcomes,**'
but each study had to create unique beverage clusters, which can be resource-intensive and cause
difficulty in comparing the results of each study. The HBI for U.S. Children and Adolescents
(hereafter referred to as HBI-CA) would mitigate this problem and provide objective data that
could be used to identify changes in beverage pattern quality after a dietary intervention or in

1,>** validity and reliability

populations over time. As previously completed with the HE
assessments of the HBI-CA are necessary in order to determine if it is accurately measuring its

intended purpose of beverage pattern quality and if its components could consistently measure

beverage pattern quality.”
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Aims

This study had two principal aims. Aim one was the development of the HBI-CA that
provides numerical scores based on level of compliance to evidence-based beverage
recommendations. The second aim was to calculate HBI-CA scores and gather evidence for
support of the validity and reliability of this tool using nationally representative data among

children and adolescents.

Development of the HBI-CA (Aim 1)
Beverage Groups

Beverage groups were determined based on research of beverage health impacts and
beverage recommendations from many sources, including the Beverage Guidance System,”
2015-2020 DGA,™ the Robert Wood Johnson Foundation’s Healthy Eating Research,® the
American Academy of Pediatrics,”’ the American Heart Association,”® and the European Food
Safety Authority.”® A summary of beverage recommendations by age group is available in Table
1 of Chapter 1: Review of Literature. These recommendations and the categories defined in the
Beverage Guidance System? and HBI for adults*® were used to determine six broad beverage
groups: water; unsweetened coffee and tea; milk (including whole milk, low-fat milk, fat-free
milk, and milk substitutes); non-calorically sweetened beverages (including sodas, energy drinks,
flavored waters, and fruit drinks containing non-nutritive sweeteners [NNS]); SSB (including
sodas, fruit drinks, sweetened milks, and sweetened coffee and tea); and 100% fruit juice.
Although the recommendation for SSB is < 8 fl oz per week,”® the HBI-CA recommends that 0
fl oz should be consumed. Because SSB intake should be limited as much as possible and

because a HBI-CA score will generally be created based on a 24-hour dietary recall,
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consumption of 0 fl 0z on a given day is more aligned with beverage recommendations. Unlike
the HBI for adults, alcohol is not included as a beverage group for the HBI-CA. Because alcohol
consumption is illegal for these age groups in the U.S., it was deemed unnecessary to include in
the HBI-CA. In addition, including an alcohol beverage group and providing a perfect score for
no consumption would likely inflate scores since presumably a very small percentage of children

and adolescents would consume alcohol.

HBI-CA Components

Utilizing the aforementioned beverage recommendations and the HBI for adults*® as a
guide, nine beverage components were identified for use in the HBI-CA. Six types of beverages
were included, and when no specific fl oz recommendation for a type of beverage was available,
beverage recommendations were represented as a percentage of fluid intake. Meeting fluid
requirements (i.e., 1 ml/kcal consumed), total beverage energy, and caffeine from beverages
were added as additional components. Due to the HBI-CA addressing the health concerns of
children and adolescents, the addition of the caffeine from beverages component was deemed
necessary to capture a healthy beverage pattern since children and adolescents could easily
overconsume caffeine based on their body size. Also, after considering the recommendations for
certain beverages, especially milk, in relation to the varying total caloric needs among these age
groups, the recommended caloric intake from beverages was increased compared to the HBI for
adults. Based on the variance of beverage recommendations between age groups in the child and
adolescent population, some HBI-CA components have been divided into separate

recommendations for specific ages. A description of the nine components can be found in detail
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in Table 1 and the differences between the HBI-CA and the HBI for adults can be found in

Table 2.

HBI-CA Scoring System

The scoring system for the HBI-CA was based on the scoring system utilized for the HBI
for adults.*® During development, the HBI for adults equally weighted each component,
providing 10 points possible toward the overall score. Because this scoring system did not
differentiate between more desirable components and less desirable components, the researchers
weighted water contributing at least 20% of fluid requirements, total beverage energy, SSB, and
meeting total fluid requirements more heavily to represent their more influential role on overall
health.*® Because of the alterations in components for the HBI-CA as compared to the HBI for
adults, the score for milk was changed. The milk component was weighted more heavily to
represent a more important component based on its emphasized presence in the 2015-2016
DGA*® and its potential importance for growing children and adolescents.®>®! Meeting fluid
requirements and total beverage energy have been equally weighted with a higher score to
represent the most important components, which is consistent with the HBI for adults. SSB and
water components were also weighted more heavily to represent more important components for
this population. Scores for the HBI-CA range from 0-100, and a higher score indicates greater

adherence to beverage recommendations and better beverage pattern quality.*
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Table 1. Description of components and scoring system for the Healthy Beverage Index for U.S.
Children and Adolescents (HBI-CA)

Beverage Component Description Points®
Water Water comprises > 20% of fluid 15
requirements”>
No water consumption 0
Water < 20% of fluid requirements Proportional points for
intake > 0% to <20%
Unsweetened coffee Unsweetened coffee and tea 5
and tea (decaffeinated/uncaffeinated preferred due to

caffeine restrictions; see Caffeine from
beverages component) comprise 0%-40% of
fluid requirements®

Milk 2 year olds: 10
Whole milk comprises 0-16 fl 0z*’
3 year olds:

Low-fat, fat-free, and/or fortified milk
substitutes 0-16 fl 0z°”’

4-8 year olds:

Low-fat, fat-free, and/or fortified milk
substitutes comprises 0-20 fl 0z*’
9-19 year olds:

Low-fat, fat-free, and/or fortified milk
substitutes comprises 0-24 fl 02>

2 year olds: 0
Fat-free, low-fat, fortified milk substitutes,
and/or 2% milk consumption

3-19 year olds: 0
Whole or 2% milk consumption
Non-calorically Beverages containing non-nutritive sweeteners | 5

sweetened beverages | (decaffeinated/uncaffeinated preferred due to
caffeine restrictions; see Caffeine from
beverages component) comprise 0%-16% of
fluid requirements*®

100% Fruit juice 2-4 year olds: 5
100% fruit juice comprises 0-4 fl 0z™°
5-9 year olds:

100% fruit juice comprises 0-6 fl 0z™°
10-19 year olds:

100% fruit juice comprises 0-8 fl 0z™°

Sugar-sweetened Sugar-sweetened carbonated beverages, fruit 15
beverages drinks, sweetened milks, sweetened coffee and
tea and/or other calorically sweetened
beverages (decaffeinated/uncaffeinated
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preferred due to caffeine restrictions; see
Caffeine from beverages component) comprise
0 fl oz."

Caffeine from
beverages

2 year olds:
Caffeine from beverages comprises 0 mg/kg
bodyweight/day™

3-19 year olds:
Caffeine from beverages comprises < 3 mg/kg
bodyweight/day”’

Total beverage energy

2 year olds:
Energy from beverages < 30% of total energy”

3-8 year olds:
Energy from beverages < 20% of total energy”

9-19 year olds:
Energy from beverages < 10% of total energy”

20

2 year olds:
Energy from beverages >30% but <40% of
total energy”

3-8 year olds:
Energy from beverages >20% but <30% of
total energy”

9-19 year olds:
Energy from beverages >10% but <20%"

Proportional points
based on reported
intake

2 year olds:
Energy from beverages > 40% of total energy”

3-8 year olds:
Energy from beverages > 30% of total energy”

9-19 year olds:
Energy from beverages > 20% of total energy”

Met fluid
requirements

Amount of beverages (mL) consumed was
greater than or equal to fluid requirements (1
mL/kcal consumed)’®

20

Amount of beverages (mL) consumed was less
than fluid requirements

Proportional points
based on reported
intake

* Determined during development based on recommendations from the American Heart

Association™®

®Determined during development based on recommendations from the Healthy Beverage

Index™®

¢ Determined during development based on the scoring system from the Healthy Beverage

Index™®

81




Table 2. Comparison of the Beverage Components, Descriptions, and Point Values in the
Healthy Beverage Index for U.S. Children and Adolescents (HBI-CA) and the Healthy Beverage

Index for Adults (HBI)

Beverage Component

Description

Points

HBI* | HBI-CA

HBI*

HBI-CA

HBI* [HBI-CA

Water

Water comprises > 20% of fluid requirements

15

No water consumption

0

Water < 20% of fluid requirements

Proportional
points for intake
> 0% to <20%

Coffee
and tea

Unsweetened
coffee and
tea

Unsweetened
coffee and tea
comprise 0%-40%
of fluid
requirements

Unsweetened coffee and tea
(decaffeinated/uncaffeinated
preferred due to caffeine
restrictions; see Caffeine from
beverages component)
comprise 0%-40% of fluid
requirements

5

Low-fat -
milk

<1.5%, fat-free,
and/or soy milk
comprises 0%-16%
of fluid
requirements

- Milk

2 year olds:
Whole milk comprises 0-16 fl
0z

3 year olds:
Low-fat, fat-free, and/or
fortified milk substitutes 0-16
fl oz

4-8 year olds:
Low-fat, fat-free, and/or
fortified milk substitutes

comprises 0-20 fl oz

9-19 year olds:
Low-fat, fat-free, and/or
fortified milk substitutes

comprises 0-24 fl oz

2 year olds:
Fat-free, low-fat, fortified
milk substitutes, and/or 2%
milk consumption

3-19 year olds:
Whole or 2% milk
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consumption |
Diet Non- Artificially Beverages containing non- 5
drinks calorically sweetened nutritive sweeteners
sweetened beverages, (decaffeinated/uncaffeinated
beverages including coffee preferred due to caffeine
and tea, comprise | restrictions; see Caffeine from
0%-16% of fluid beverages component)
requirements comprise 0%-16% of fluid
requirements
100% Fruit juice 100% fruit juice 2-4 year olds: 5
comprises 0%-8% | 100% fruit juice comprises 0-
of fluid 41l oz
requirements 5-9 year olds:
100% fruit juice comprises 0-
6 fl oz
10-19 year olds:
100% fruit juice comprises 0-
8 fl oz
Alcohol -—- Between 0-1 drinks - 5 -
for women, 0-2
drinks for men
Full-fat -—- 0% of fluid - 5 -
milk requirements come
from 2% or full-fat
milk
Sugar-sweetened 0%-8% of fluid Sugar-sweetened carbonated 15

beverages requirements come beverages, fruit drinks,
from sugar- sweetened milks, sweetened
sweetened coffee and tea and/or other
carbonated calorically sweetened
beverages, fruit beverages
drinks, sweetened | (decaffeinated/uncaffeinated
coffee or tea, other preferred due to caffeine
sweetened restrictions; see Caffeine from
beverages, other beverages component)
beverages comprise 0 fl oz.
- Caffeine - 2 year olds: - 5
from Caffeine from beverages
beverages comprises 0 mg/kg
bodyweight/day
3-19 year olds: - 5
Caffeine from beverages
comprises < 3 mg/kg
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bodyweight/day

Total beverage energy Energy from 2 year olds: 20
beverages <10% of | Energy from beverages < 30%
total energy of total energy
3-8 year olds:
Energy from beverages < 20%
of total energy
9-19 year olds:
Energy from beverages < 10%
of total energy
Energy from 2 year olds: Proportional
beverages >10% Energy from beverages >30% | points based on
but <15% of total but <40% of total energy reported intake
energy 3-8 year olds:
Energy from beverages >20%
but <30% of total energy
9-19 year olds:
Energy from beverages >10%
but <20%
Energy from 2 year olds: 0
beverages >15% of | Energy from beverages > 40%
total energy of total energy
3-8 year olds:
Energy from beverages > 30%
of total energy
9-19 year olds:
Energy from beverages > 20%
of total energy
Met fluid requirements Amount of beverages (mL) consumed was greater 20
than or equal to fluid requirements (1 mL/kcal
consumed)
Amount of beverages (mL) consumed was less than Proportional
fluid requirements (1 mL/kcal consumed) points based on
reported intake
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Evaluation of the HBI-CA (Aim 2)
Study Population

Dietary intake from 2,874 children and adolescents aged 2-19 years at the time of
screening were collected from 2015-2016 NHANES data. Only one cycle of NHANES was
selected because dietary and beverage patterns may change over time. In addition, only the day
one dietary data was utilized for this study. Descriptions of survey design factors and sample
design is discussed in detail by sources from the Centers for Disease Control and Prevention.*” In
brief, NHANES uses a multistage, probability sampling procedure that consists of four phases
that allows for the collection of nationally representative samples of the civilian, non-
institutionalized U.S. population. Phase 1 determines primary sampling units (PSU) that mainly
consist of counties throughout the U.S., phase 2 divides the PSU into different segments, phase 3
randomly selects households within each segment, and phase 4 randomly chooses individuals to
participate in NHANES.* Some subgroups of the population are oversampled because they are
of public health interest and to increase reliability and precision of the health status measures of
these specific populations.® For 2015-2016 NHANES, Hispanic persons; non-Hispanic black
persons; non-Hispanic, non-black Asian persons; non-Hispanic white persons and persons of
other races and ethnicities at or below 185 percent of the federal poverty level; and non-Hispanic
white persons and persons of other races and ethnicities aged 80 and over were all
oversampled.® Participants that had incomplete dietary data, that were reported as breastfed, and
that did not have a reported body weight were excluded from the study. This study did not

require institutional review board approval.®®
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Dietary Intake

Dietary intake data is collected from NHANES participants during a computer-assisted
in-person interview in a mobile examination center.®® Two interviewers administer dietary
questionnaires and conduct a 24-hour dietary recall. Information is collected on the types and
quantities of foods consumed by the participant in the last 24 hours.®® The automated multiple-
pass method is utilized to collect 24-hour dietary recall data, which is a validated, five-step
method that limits bias of self-report dietary intake.®’ For the interviews, a proxy is the main
respondent for participants under the age of 6 years, a proxy assists participants who are 6-11
years old, and the participant is the main respondent for those who are 12 years and older.*®
More information and detail regarding the procedure for the dietary interviews can be found
through the Centers for Disease Control and Prevention.®® Beverage consumption was

determined based on the unique 8-digit USDA food codes® that corresponded to a beverage

reported in the day one dietary interview. All of the consumed beverages were then grouped into

the six beverage groups (Figure 1).
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Water

Unsweetened Coffee
and Tea

Milk

Non-calorically

<

Sweetened -<

Beverages

100% Fruit Juice

Sugar-sweetened
Beverages

<

-

* Tap water (7702)

*Bottled water (7704)

*Flavored or carbonated water (unsweetened) (7802)
*Enhanced or fortified water (unsweetened) (7804)

Coffee (unsweetened) (7302)
*Tea (unsweetened) (7304)

*Milk, whole (1002)

*Milk, reduced fat (1004)

*Milk, lowfat (1006)

*Milk, nonfat (1008)

*Flavored milk, whole (unsweetened or non-calorically sweetened) (1202)

*Flavored milk, reduced fat (unsweetened or non-calorically sweetened)
(1204)

*Flavored milk, lowfat (unsweetened or non-calorically sweetened) (1206)
*Flavored milk, nonfat (unsweetened or non-calorically sweetened) (1208)
*Milk substitutes (unsweetened or non-calorically sweetened) (1404)

*Diet soft drinks (7102)

*Diet sport and energy drinks (7104)

*Other diet drinks (7106)

*Flavored or carbonated water (non-calorically sweetened) (7802)
*Enhanced or fortified water (non-calorically sweetened) (7804)

«Citrus juice (7002)
* Apple juice (7004)
*Other fruit juice (7006)
* Vegetable juice (7008)

Coffee (sweetened) (7302)

*Tea (sweetened) (7304)

*Flavored milk, whole (sweetened) (1202)
*Flavored milk, reduced fat (sweetened) (1204)
*Flavored milk, lowfat (sweetened) (1206)
*Flavored milk, nonfat (sweetened) (1208)
*Milk substitutes (sweetened) (1404)

*Soft drinks (7202)

*Fruit drinks (7204)

*Sport and energy drinks (7206)

*Flavored or carbonated water (sweetened) (7802)
*Enhanced or fortified water (sweetened) (7804)

Figure 1. Healthy Beverage Index for U.S. Children and Adolescents (HBI-CA) beverage
groups categorized into applicable What We Eat In America Food Categories and Codes™ to be
used in conjunction with USDA food codes® from National Health and Nutrition Examination
Survey (NHANES) 2015-2016
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Validity and Reliability

The HBI-CA underwent validity and reliability testing based on those completed with the
HEI-2005,>* HEI-2010,”® and HEI-2015>* (Table 3). Content validity represents the ability of a
tool to appropriately measure the range of attributes that make up a construct of interest.”’ The
components used in the HBI-CA are based on the types of beverages that are commonly used to
constitute beverage intake in evidence-based literature from the Beverage Guidance System,?
2015-2020 DGA,™ the Robert Wood Johnson Foundation’s Healthy Eating Research,’® and the
HBI for adults.*® Therefore, each of the HBI-CA components represent the attributes that allow
for the assessment of beverage pattern quality. Construct validity is the capacity of a tool to
measure its intended construct of interest.”’ This type of validity was assessed in three ways.
Firstly, the percentiles and distribution of HBI-CA scores were determined to see if there was
enough variation in scores to detect differences in beverage pattern quality. Then, the HBI-CA
was used to examine if a healthy beverage pattern for adults determined by the Beverage

Guidance Panel*

would receive a high total HBI-CA score. Lastly, principle components
analysis was completed to examine the structure of the HBI-CA and see if it is multidimensional.
Because beverage pattern quality can be considered a complex, multidimensional construct, there
should be more than one combination of components responsible for variance in beverage
pattern quality captured by HBI-CA scores.

Reliability is considered the capacity of a tool to measure a construct of interest
consistently.”" Test-retest is one of the most common reliability measures, but this is not relevant
to the HBI-CA because identical beverage intakes would produce the same score as long as they

are reported and coded in the same way and scored according to the HBI-CA scoring system.

Therefore, test-retest error would only occur if there is an error in recording and coding beverage
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intake or calculating scores. Similarly, inter-rater reliability would also not be relevant to the

HBI-CA, and two individual raters would produce the same score for identical beverage intakes

that have been reported and coded in the same way and scored according to the scoring system.

To test reliability, Pearson’s bivariate correlation coefficients were determined, which can be

used to assess internal consistency’> and is one of the same methods used for testing reliability of

the HEL>*** Correlations among HBI-CA components and total scores demonstrate item-total

correlations with r values >0.2 considered acceptable.”” Determining relationships between HBI-

CA components and total HBI-CA scores will assess their ability to consistently cause variance

in scores and thus the construct of beverage pattern quality.

Table 3. Methods used to evaluate the validity and reliability of the Healthy Beverage Index for
U.S. Children and Adolescents (HBI-CA)

Measures

Method”>>*

Construct Validity

Established content validity through using beverages
that are commonly used to assess overall beverage
intake in other evidence-based literature®>4¢->

Assessed the distributions of HBI-CA total and
component scores

Calculated HBI-CA scores for a healthy beverage
pattern for adults developed by the Beverage Guidance
Panel”

Conducted principle components analysis of HBI-CA
components

Reliability

Determined Pearson’s bivariate correlation coefficients
among the HBI-CA total and component scores
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Statistical Analyses

The total HBI-CA scores and the score for each of the nine HBI-CA components were
calculated using SAS 9.2 statistical software. Each sequence number, representing a participant,
had a varying number of USDA food codes® reported as consumed during the NHANES 24-
hour recall. The USDA food codes® were then categorized into the HBI-CA beverage groups. In
collaboration with the Virginia Tech Statistical Applications and Innovations Group, the sum of
grams consumed from each beverage group, the sum of the calories consumed from each
beverage group and from each USDA food code,®’ and the sum of caffeine consumed from each
USDA food code was calculated for each respondent using R 3.5.3 statistical software.

Using IBM SPSS 25.0 statistical software, descriptive statistics were run to determine the
frequencies of demographic variables, including age, sex, and race. In addition, the
meanststandard deviation for each HBI-CA component score and total HBI-CA scores were
assessed. To assess validity, normality statistics were run with SAS 9.2 statistical software on the
total HBI-CA scores to determine the data’s fit to a normal curve, the skewness, and the kurtosis.
Meanststandard deviation of HBI-CA scores among quartiles were also determined. Differences
in HBI-CA component and total scores between groups (demographics, quartiles) were analyzed
via one-way analysis of variance (ANOVA) with Tukey’s post-hoc when applicable. Principal
components analysis was also run to determine if there are multiple components that contribute
to the variance of HBI-CA scores, with eigenvalues greater than one considered to significantly
contribute to variance. As an assessment of reliability, Pearson’s bivariate correlations were used
to determine associations between HBI-CA components and total HBI-CA scores. Analyses were
not weighted and are only representative of the children and adolescents in the NHANES 2015-

2016 sample. P-values of <0.05 were considered significant for this study.
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Results

The NHANES 2015-2016 sample was made up of 2,874 participants with a total of 1,454
males and 1,420 females. The sample consisted of 1,357 children (aged 2-9 years) and 1,517
adolescents (aged 10-19 years). The range of total HBI-CA scores for the full sample was 23.3 to
100, and the mean+standard deviation for the total HBI-CA score was 66.2+16.6 (Table 4).
When comparing HBI-CA component and total scores between males and females, females

demonstrated significantly higher milk and total HBI-CA scores as compared to males (Table 4).

Table 4. Means+standard deviation component and total Healthy Beverage Index (HBI-CA)
scores for children (aged 2-9 years) and adolescents (aged 10-19 years) from National Health and
Nutrition Examination Survey (NHANES) 2015-2016 data stratified by sex

Full sample Males Females
n=2,874 n=1,454 n=1,420
HBI-CA Component Meanzstandard Meanzstandard Meanzstandard
deviation deviation deviation
Water 10.446.1 10.3+6.2 10.6+6.1
Unsweetened coffee 5.0£0.4 5.0+0.4 5.0+0.4
and tea
Milk* 5.9+4.9 5.7£5.0 6.0+4.9
Non-calorically 4.9+0.8 4.9+0.8 4.9+0.7
sweetened beverages
100% Fruit juice 4.0+£2.0 4.0+£2.0 4.0+£2.0
Sugar-sweetened 4.8+7.0 4.8+7.0 4.9+7.0
beverages
Caffeine from 4.7+1.1 4.7+1.2 4.8+1.1
beverages
Total beverage energy 13.7£8.1 13.4£8.2 13.9£8.0
Met fluid 12.8+5.2 12.7+£5.2 12.9+5.3
requirements
Total HBI-CA score* 66.2+16.6 65.4+16.7 67.0+16.4

*Indicates significant difference between males and females via ANOVA test (p<0.05)

91



No significant differences in total HBI-CA scores for children and adolescents or for the
subset of males and females were found (Table 5). Several significant differences were found
between races for total HBI-CA scores. Non-Hispanic Asian participants stood out as a group

with significantly higher total HBI-CA scores compared to all other races (Table 6).

Table 5. Means+standard deviation and one-way ANOV A p-values for total Healthy Beverage
Index (HBI-CA) scores for children (aged 2-9 years) and adolescents (aged 10-19 years) from
National Health and Nutrition Examination Survey (NHANES) 2015-2016 data stratified by sex

HBI-CA Total Score
Sample | Meantstandard

Ages Size (n) | deviation ANOVA p-value
Children (2-9 year olds) 1,357 | 66.6£15.3

Male 684 65.8+15.5 0.075

Female 673 67.3£15.0
Adolescents (10-19 year 0.278
olds) 1,517 | 65.9+17.7

Male 770 65.1+17.8 0.068

Female 747 66.8+17.6

Table 6. Means+standard deviation among races for total Healthy Beverage Index (HBI-CA)
scores for children (aged 2-9 years) and adolescents (aged 10-19 years) from National Health and
Nutrition Examination Survey (NHANES) 2015-2016 data

Race Sample Size (n) Meanztstandard deviation”
Mexican American 621 64.5+16.4"
Other Hispanic 356 65.3+16.7%
Non-Hispanic White 827 68.1+16.6°
Non-Hispanic Black 648 63.9+16.3"
Non-Hispanic Asian 223 72.1£15.5°
Other Race — including multi-racial 199 66.4+17.1%

*Superscripts indicate significant differences between races at a P-value of <0.05
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The means+standard deviation for the HBI-CA total and component scores for children

and adolescents across quartiles is available in Table 7 along with any significant differences

among quartiles. The highest and lowest quartiles were separated by about 43 points for the total

score. For the water, milk, SSB, total beverage energy, and total HBI-CA components, scores

significantly increased for each subsequent quartile. The distribution of total HBI-CA scores are

demonstrated in Figure 2 with a relatively normal distribution and a skewness of -0.068 and a

kurtosis of -0.585.

Table 7. Distribution of means+standard deviation across quartiles of Healthy Beverage Index

(HBI-CA) total and component scores for children and adolescents (aged 2-19 years) from
National Health and Nutrition Examination Survey 2015-2016 data

HBI-CA Quartile’

HBI-CA 1 2 3 4
Component

Water 3.3+5.1° 10.2+5.7° 13.5+3.4° 14.8+1.49
Unsweetened 5.0+0.2% 5.0+0.3% 5.0+0.5% 5.0+0.5%
coffee and tea

Milk 4.2+4.9° 5.6+5.0° 6.3+4.8° 7.5+4 4¢
Non-calorically 4.9+0.7° 4.9+0.5 4.9+0.8% 4.8+1.0°
sweetened

beverages

100% Fruit 3.6+£2.2° 4.0+2.0° 4.14£2.%¢ 43+1.7°
juice

Sugar- 0.9+3.6" 2.245.3 4.6+6.9° 11.6+6.3¢
sweetened

beverages

Caffeine from 4.6+1.4° 4.7+1.2% 4.8+1.0° 4.8+0.9°
beverages

Total beverage 7.5+8.2° 11.6+8.6° 16.3+5.9° 19.3+2.3¢
energy

Met fluid 10.7+4.5 12.3+5.5° 12.8+4.9° 15.4+4.7°
requirements

Total HBI-CA 44.7+7.3 60.5+3.7° 72.243.6° 87.5+6.4¢

*Superscripts indicate significant differences between quartiles at a P-value of <0.05
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Figure 2. Distribution of total Healthy Beverage Index (HBI-CA) scores for children (aged 2-9
years) and adolescents (aged 10-19 years) from National Health and Nutrition Examination
Survey (NHANES) 2015-2016 data

Examination of construct validity through comparing HBI-CA scores to a healthy
beverage pattern determined by the Beverage Guidance Panel resulted in a high score for the
suggested adult beverage consumption pattern,”> with only the caffeine from beverages

component not receiving full points (Table 8).
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Table 8. Healthy Beverage Index for U.S. Children and Adolescents (HBI-CA) component and
total scores for a healthy beverage pattern for adults as suggested by the Beverage Guidance

System22

Component (maximum score)

Beverage Guidance System suggested
beverage consumption pattern for adults®

Water (15) 15
Unsweetened coffee and tea (5) 5
Milk (10) 10
Non-calorically sweetened beverages (5) 5
100% Fruit juice (5) 5
Sugar-sweetened beverages (15) 15
Caffeine from beverages (5) 0
Total beverage energy (20) 20
Met fluid requirements (20) 20
Total HBI-CA score (100) 95

*Based on a person with a 2,200 calories per day requirement, which can represent the needs of
a 15 year old male with a sedentary activity level based on energy recommendations from the

2015-2020 DGA™’

The scree plot produced from principle components analysis to examine validity showed

that at least 5 dimensions of the HBI-CA had eigenvalues greater than one, indicating

multidimensionality of the HBI-CA (Figure 3).

95




Scree Plot

1.50

1.00

Eigenvalue

075

050

025

1 2 3 4 5 6 7 8 9

Component Number

Figure 3. Scree plot from principle components analysis of the Healthy Beverage Index (HBI-
CA) using beverage intake for children (aged 2-9 years) and adolescents (aged 10-19 years) from
National Health and Nutrition Examination Survey (NHANES) 2015-2016 data

Reliability was tested with Pearson’s bivariate correlation coefficients, which resulted in
wide variation among the HBI-CA components. The absolute lowest significant correlation (1)
was -0.037, which was between 100% fruit juice and unsweetened coffee and tea. The highest
absolute significant correlation among components was between met fluid requirements and
water at 0.501. The correlations between total HBI-CA scores with r >0.2 were with the milk,
met fluid requirements, SSB, total beverage energy, and water components (r ranged 0.286-

0.711, p-value p <0.01) (Table 9).

96



Table 9. Pearson’s bivariate correlation coefficients of Healthy Beverage Index (HBI-CA) component and total scores for children
(aged 2-9 years) and adolescents (aged 10-19 years) from National Health and Nutrition Examination Survey (NHANES) 2015-2016

data

Component

Water

Unsweetened
coffee and tea

Milk

Non-
calorically
sweetened
beverages

100%
Fruit
juice

Sugar-
sweetened
beverages

Caffeine
from
beverages

Total
beverage
energy

Met fluid
requirements

Unsweetened
coffee and
tea

-0.010

Milk

0.006

-0.034

Non-

calorically
sweetened
beverages

0.023

0.050%**

-0.032

100% Fruit
juice

0.066**

-0.037*

-0.002

-0.043*

Sugar-
sweetened
beverages

0.204**

-0.028

-0.125%*

-0.098**

-0.100**

Caffeine
from
beverages

0.050%**

0.125%*

-0.007

-0.018

0.055%*

0.050%**

Total
beverage
energy

0.171%*

-0.017

0.112%*

-0.053**

0.097%**

0.234%**

0.017

Met fluid
requirements

0.501%**

-0.094**

-0.038*

-0.090**

-0.009

0.044*

-0.075%*

-0.341**

Total score

0.711%**

-0.035

0.286**

-0.056*

0.148%*

0.575%*

0.099**

0.586**

0.328%*

* P-value <0.05
** P_value <0.01
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Discussion

The HBI-CA was developed for the U.S. child and adolescent population and was used to
quantify the beverage pattern quality of children (aged 2-9 years) and adolescents (aged 10-19
years) from NHANES 2015-2016 data. The mean total HBI-CA score of 66.2 was very similar to
the mean total adult HBI score of 63.%° This suggests that the changes made to adapt the HBI to
the HBI-CA resulted in an index that is able to quantify beverage pattern quality in a way that is
consistent to the original HBI. Both males and females received near perfect mean scores for the
non-calorically sweetened and unsweetened coffee and tea components, which may signal that
these beverages are not commonly consumed among children and adolescents.

The mean total HBI-CA score was higher than the mean HEI-2015 scores of these age
groups, which is 60 for 2-5 year olds and 53 for 6-17 year old.” This may indicate that the
beverage patterns of children and adolescents are more aligned with beverage recommendations
than their dietary patterns are aligned with overall dietary recommendations. There were not
statistically significant differences seen between the mean HBI-CA scores for children and
adolescents or between males and females within the child and adolescent age groups. This
shows that although some beverage component scores may have differed, these groups’ beverage
patterns were still of similar quality overall. The full sample of females did receive higher mean
scores compared to males for nearly every HBI-CA component, with significant differences
among the milk component and total HBI-CA score. The total HBI-CA score was about 1.6
points higher for females than males, which is similar to the findings that adult females received
higher HEI-2015 scores of about 2.5 points than adult males.>* This may indicate that child and
adolescent females have slightly better beverage pattern quality than males. Non-Hispanic

Asians and non-Hispanic whites had the highest total HBI-CA scores among the races,
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respectively, but non-Hispanic whites were not found to be significantly different from the other
Hispanic and other race groups. Non-Hispanic black, other Hispanic, and Mexican American
groups were not found to be significantly different from one another and all had the lowest total
HBI-CA scores. This could be in part due to the findings that 12-19 year olds from these races
had the highest per capita consumption of soda according to NHANES 2003-2014 data.’’

The HBI-CA underwent a number of validity tests that compiled evidence for its ability
to measure beverage pattern quality among children and adolescents. The distribution among
quartiles demonstrates that there are significant differences between quartiles for most of the
components and suggests the HBI-CA is sensitive enough to detect meaningful differences in
beverage pattern quality. The distributions of total HBI-CA scores for this population were
relatively normal, but the distribution was negatively skewed with a more pronounced left tail
and a greater density of scores at the higher end of the HBI-CA scale. However, the skewness
value is close to zero and of much smaller magnitude compared to the non-normal distribution
reference value of two that represents considerable non-normality.”

The Beverage Guidance System’s suggested healthy beverage pattern®” did not receive a
perfect score of 100 due to the caffeine content provided by coffee, which exceeded the
recommended level of 3mg/kg bodyweight/day based on the weight of 56.28 kg for a 15 year old
male at the 50" percentile on the CDC Weight-for-age growth chart.”” Because some of the
beverage recommendations for the HBI-CA were based on this beverage pattern, it was expected
that this pattern would receive a high score, but the inclusion of the caffeine from beverages
component and it not receiving full points for this pattern is an example of how the HBI-CA is
more suitable for children and adolescents and how beverage recommendations for adults may

not translate to these age groups. Another healthy beverage pattern would have been included for
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further validity testing, but no comprehensive beverage pattern recommendation was found for
children and adolescents, which is a limitation for this study but further exemplifies the lack of
existing beverage pattern recommendations for children and adolescents and strengthens the
need and importance of the HBI-CA. The scree plot produced from principle components
analysis supports the HBI-CA as multidimensional, as is beverage pattern quality, and that there
is not one linear combination of HBI-CA components that are significantly responsible for the
covariance of beverage pattern quality demonstrated by the beverage components. There were at
least 5 factors accounting for variation in the HBI-CA, which is the same number of factors
found for the HEI-2005°* and HEI-2010.”

Reliability testing, examined with Pearson’s bivariate correlation coefficients, showed
that most components had significant correlations with total HBI-CA scores with r >0.2 and that
many components were correlated with one another, indicating internal consistency. Wide ranges
of correlations among index components were also found in the evaluation of the HEL.>*™*
Components with higher correlations to total HBI-CA scores demonstrate that they account for
more variation in total HBI-CA scores and would consistently affect variation in the construct of
beverage pattern quality. Respectively, water, total beverage energy, and SSB were most
strongly correlated with total HBI-CA scores (r = 0.711, 0.586, and 0.575, p-value <0.01), which
indicates that they are responsible for more variation in total HBI-CA scores than other
components. Although some components may have lower correlations to total HBI-CA scores
and may not explain a large amount of variation in total HBI-CA scores, they independently
provide important information regarding beverage pattern quality.

This study is both limited and strengthened by using NHANES 2015-2016 data. Because

only one day of dietary intake was used for analysis, this may not be most representative of
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beverage pattern quality, which is meant to assess the quality of one’s usual beverage intake. In
addition, as with any 24-hour recall, there is the possibility of a participant inaccurately reporting
dietary intake,’® which may be exacerbated with some age groups requiring the use of a proxy.
However, NHANES does use the automated multiple-pass method that has been found to limit
reporting bias.®” The use of NHANES does allow for greater conclusions to be drawn because it
uses a nationally representative sample of the civilian, non-institutionalized U.S. population,
however, this study did not weight the analyses in order draw such conclusions. NHANES data
did allow for the use of a relatively large sample size of 2,874 children and adolescents with
representation from multiple races. Another limitation is the lack of existing evidence-based
beverage recommendations for the child and adolescent population that specify quantities or
ranges of each beverage that should be consumed. This resulted in some recommendations (i.e.,
non-calorically sweetened beverages) that are geared toward the adult population to be used in
the HBI-CA for children and adolescents. Finally, the HBI-CA has not undergone predictive
validity tests, which is its ability to predict the outcomes of a future occurrence that relates to the
construct of beverage pattern quality.”' Therefore, the HBI-CA would benefit from the
examination of predictive validity by assessing its relationship to health outcomes that are related

to dietary intake, such as type 2 diabetes mellitus or obesity.

Conclusions

The HBI-CA provides a tool to quantify beverage pattern quality in children and
adolescents. It is important to monitor the beverage intake of this population due to the health
implications that beverages may have and due to this time period in human life playing a large

role in the development of healthy dietary behaviors. As described, there were previously limited
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comprehensive, specific beverage recommendations for children and adolescents, and the HBI-
CA provides guidance for and assessment of healthy beverage intake. This study has provided a
reference for the current beverage pattern quality in a large sample of U.S. children and
adolescents. In addition, the HBI-CA’s validity and reliability was assessed using a number of
statistical analyses. Overall, these tests support the validity and reliability of the HBI-CA for
measuring beverage pattern quality among children and adolescents. The HBI-CA still needs to
undergo predictive validity assessment in order to determine if the scores produced from the
HBI-CA are related to health outcomes. This new index is a major step in providing a method for
assessing beverage pattern quality in children and adolescents, and it will fill the gap in current

beverage recommendations for this important population.
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Chapter 3: Conclusions and Future Directions

Beverages are an important component of dietary intake, as they contribute about 18% to
children and adolescent’s (aged 2-18 years) daily caloric intake in the U.S." There are many
dietary recommendations available for those over the age of 2 years in the U.S., such as those
outlined in the 2015-2020 Dietary Guidelines for Americans (DGA),” but there are limited
beverage recommendations that focus on overall beverage patterns and specific quantities of
beverages for children (ages 2-9 years) and adolescents (ages 10-19 years). There have also been
studies that attempted to assess beverage patterns in children and adolescents,” but the use of
unique beverage clusters within these studies can cause difficulty in comparing the results from
one study to another. In order to provide a comprehensive reference of beverage
recommendations by age group and a method for assessing beverage pattern quality in this
population, the Healthy Beverage Index for U.S. Children and Adolescents (HBI-CA) was
developed. The HBI-CA is an index based on the original HBI for adults.” The HBI for adults
provides a way to quantify beverage pattern quality for those >19 years, and higher HBI scores
on a scale of 0-100 are associated with better lipid profiles and lower odds ratios for
hypertension in adult men and women.” However, because many beverage recommendations for
children and adolescents differ from those for adults, the HBI-CA was created to better align
with recommendations for children and adolescents.

The HBI-CA was developed using beverage recommendations from many sources,
including the 2015-2020 DGA,’ the Beverage Guidance System,’ the Robert Wood Johnson
Foundation’s Healthy Eating Research,’ the American Academy of Pediatrics,” the American
Heart Association,” and the European Food Safety Authority.'’ The HBI-CA includes nine

components that are representative of beverage pattern quality, including water, unsweetened
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coffee and tea, milk, non-calorically sweetened beverages, 100% fruit juice, sugar-sweetened
beverages (SSB), caffeine from beverages, total beverage energy, and overall fluid requirements.
Some of the main changes made in the development of the HBI-CA as compared to the original
HBI was the inclusion of the caffeine from beverages component, exclusion of the alcohol
component, and an increase in the acceptable level of calories coming from beverages because
appropriate milk consumption in younger age groups would require a greater number of calories
from beverages. In addition, SSB recommendations were changed to 0 fl oz because the HBI-CA
will likely be used in conjunction with a 24-hour recall, and 0 fl 0z of consumption on a given
day is more aligned with the recommendation that children and adolescents consume no more
than 8 fl oz per week.’

The 2015-2016 National Health and Nutrition Examination Survey (NHANES) data was
used to calculate HBI-CA scores for 2,874 children and adolescents. The mean total HBI-CA
score was 66.2, which was similar to the mean HBI score of 63 found for the adult population.’
The validity and reliability tests performed on the HBI-CA was based on tests done during the
evaluations of the Healthy Eating Index (HEI).'"""* Overall, these tests provided evidence for the
validity and reliability of this tool and suggested that it is sensitive enough to determine
differences in beverage pattern quality.

One limitation of the present findings is that the analyses were not weighted, which limits
the findings applicability to only children and adolescents from the NHANES 2015-2016
sample. The other main limitation is the absence of predictive validity testing. Based on these
limitations, the HBI-CA would benefit from weighted analyses of NHANES data in order to
apply the results to all children and adolescents in the civilian, non-institutionalized U.S.

population. Predictive validity also needs to be assessed by comparing HBI-CA scores to health

113



measures, such as body mass index, blood glucose levels, and lipid profiles. A study using a
simple random sample from a subset of the U.S. population would also provide greater validity
to the HBI-CA and would provide information on the beverage patterns of a specific population
of children and adolescents. In addition, as done with the HBI for adults, HBI-CA scores could
be generated using the BEVQ-15, a beverage intake questionnaire, to determine if the BEVQ-15
is a valid method to quickly measure HBI-CA scores.'* This could be used in place of calculating
scores based on the time-intensive process of conducting a 24-hour recall, and the BEVQ-15
provides a better depiction of usual intake (i.e., habitual intake), which could be more indicative
of overall beverage pattern quality.

The HBI-CA provides a comprehensive reference of beverage recommendations for
children and adolescents, which was previously lacking in the literature, and assesses beverage
pattern quality. The promotion of positive beverage patterns, such as reducing SSB intake, has
been recommended from agencies such as the World Health Organization’s Commission on
Ending Childhood Obesity."” The HBI-CA could be used in clinical, public health, and research
settings’ in order to assess beverage pattern quality among children and adolescents. This can
allow for improved evaluation of dietary interventions that focus on beverage consumption and a
method to track changes in beverage pattern quality over time. The HBI-CA is a tool that can be
used for assessing progress in beverage pattern quality and as a mechanism for promoting the

dietary health of children and adolescents.
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