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Introduction

Childhood obesity” affects roughly one in six (13 million) children in the United States, disproportionately
impacting children who are low-income and racial and ethnic minorities.' From 1976 to 2016, the
prevalence of childhood obesity has more than doubled in children aged 2 to 5 (from 5 percent to 13.9
percent), nearly tripled in children aged 6 to 11 (from 6.5 percent to 18.4 percent) and quadrupled in
adolescents aged 12 to 19 (from 5 percent to 20.6 percent).”* Since 2003, obesity rates appear to be
declining among children aged 2 to 5, stable among children aged 6 to 11, and increasing among children
aged 12 to 19.% Overall, obesity prevalence (18.5 percent) is higher than the Healthy People 2020° goal of
14.5 percent. Given that obese children and youth are likely to remain so as adults, obesity and its adverse
health consequences create a serious threat to children’s current and future health.”

Consumption of sugar sweetened beverages (SSBs) is strongly linked to obesity and a number of other
negative health consequences.® In parallel with recent obesity trends, consumption of SSBs (drinks with
added sugar such as soda, fruit drinks, and sports drinks) has begun to decline.” From 2003 to 2014 in the
National Health and Nutrition Examination Survey (NHANES), the percentage of children consuming at
least one SSB on a typical day declined significantly’ from 80 percent to 61 percent (See Figure 1).'"° Much
of the decline over this period was driven by a decrease in the percentage of young children aged 2 to 5
consuming SSBs, although the decline was significant across all age groups.

Building evidence to prevent
childhood obesity
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Figure 3: Trends in beverage consumption of children/
adolescents aged 2 to 19: Daily caloric intake by
beverage type and year
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Source: National Health and Nutrition Examination Survey, 2003-2014, author calculations.

From 2003 to 2014, there was a decrease in the prevalence

of SSB consumption for each race/ethnic group, with the
prevalence of SSB consumption declining from 78 percent

to 58 percent for non-Hispanic white children, from 84
percent to 74 percent for non-Hispanic black children, from
85 percent to 67 percent for Mexican-American children, and
from 86 percent to 67 percent for non-Mexican Hispanic
children (See Figure 2)."

These decreases were significant for all age groups of non-
Hispanic white children, among non-Hispanic black 12- to
19-year-olds and among Mexican-American 2- to 5-year-
olds and 12- to 19-year-olds.'® With respect to income, the
percentage of children consuming SSBs declined significantly
from 81 percent to 64 percent among low-income children and
from 79 percent to 59 percent among higher-income children.’
Despite the important declines in SSB consumption across
race/ethnic minorities and low-income children, these groups
are still experiencing a higher prevalence of consumption
compared to non-Hispanic white and higher-income children,
reflecting the need for targeted policies and interventions.

Over the same period (2003-2014), consumption from
caloric beverages (SSBs, milk, and 100 percent juice) declined
significantly from 463 to 296 daily calories per day (Figure
3). Significant decreases in milk and SSB calories were

seen for each age group, while per capita 100 percent juice

* Author calculations.

Figure 4. Trends in SSB consumption of children/
adolescents aged 2 to 19: Daily caloric intake by
SSB type and yeart
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consumption declined significantly only among 2- to 5-year-
olds and 12- to 19-year-olds."

Consumption of all SSBs (soda, fruit drinks, sport drinks, low-
caloric SSBs, and other SSBs) declined significantly from 224 to
131 calories from 2003 to 2014. The number of calories from
soda and fruit drinks declined from 116 kcal to 49 kcal and 70
keal to 31 keal, respectively (Figure 4). At the same time, calorie
intake from sports drinks increased from 8 kcal to 13 keal, but
that increase was smaller than the decrease from soda and fruit
drinks. Despite significant declines in per capita soda and fruit
drink consumption over the past 15 years, calories from SSBs
still represent a significant portion of total dietary intake for
children and adolescents. As a result, there is still a necessity for
continued research and implementation of strategies to reduce
consumption of SSBs.

The relationship between SSB consumption and obesity

is complicated by corresponding trends in total calorie
consumption and energy expenditure. In particular, because
total calorie consumption has also declined significantly in
recent years, the relative intake of SSBs in the diet of children
and adolescents may not have shifted as meaningfully as
consumption trends suggest. From 2003 to 2014, total daily
calorie consumption among children and adolescents declined
significantly from 2127 to 1879 calories per day,” although
these estimates of dietary data are limited by day-to-day

+ Coding definitions for beverage categories (NHANES 2003-2010): Low-caloric SSB refers to any beverage described as “low-calorie,” including items such as fruit juices, teas, and some fruit drinks. “Other SSB” refers to
any beverage that does not fit into the previous four categories, including items such as sweetened tea, rice drinks, bean beverages, sugar cane beverages, horchata, non-alcoholic wines/malt beverages, etc.
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variation, biases in recall and reporting, and errors associated
with nutrient databases and coding.'"'? Additionally, in the
past decade, physical activity among children has remained
low, with fewer than half of U.S. children meeting the current
recommended standard of at least 60 minutes of moderate- or
vigorous-intensity physical activity each day.'** However,
current surveillance systems of physical activity have significant
weaknesses, including a reliance on self-reported data, failure
to assess all relevant types of physical activity (e.g., commuting
to school), and lack of standardized definitions of physical
activity.'>'® The limitations of physical activity and dietary data
make it challenging to fully capture the energy balance equation
associated with excess weight gain.

This research synthesis updates a prior review!” on this topic and
examines the evidence regarding the various health impacts of
sugary beverages on children’s health (obesity, insulin resistance,
dental caries, and caffeine-related effects), the health impact

of substituting SSBs with other drinks, and the role of taste
preferences in SSB consumption patterns. For each health
impact, we present the literature by the type of study design. A
summary of key strengths and weaknesses of the study designs
included in this review can be found in Appendix A.

Methodology

For each of the health impacts (obesity, insulin resistance, dental
caries, and caffeine-related effects), separate searches were
conducted of PubMed, Web of Science and PAIS International.
For all searches, a search hedge was created in three parts: 1)
terms relevant to SSBs, including “beverage” and “sodas,” 2)
terms restricting to children and adolescents including “teens”
and “pediatric,” and 3) terms specific to the outcome being
examined such as “body mass index” and “body weight” for the
search on overweight and obesity risk (see Appendix B for full
list of search terms). These search terms were chosen to retrieve
the most relevant results using an iterative process in consultation
with a medical librarian. For searches of PubMed, MeSH

subject headings were used. In addition to database searches,
reference lists of SSB literature reviews and articles were searched.
Following the removal of duplicate studies, one author (K.V.)
screened titles, abstracts, and full-texts, and another author (S.B.)
confirmed the inclusion of these studies. Included studies had

to be peer-reviewed articles examining the effects of SSBs on a
specific health outcome, be limited to children and adolescents,
and be published after January 1, 2007. Studies were excluded

if they were not published in English, were conducted in non-
Organisation for Economic Co-operation and Development
(OECD) countries, were not presenting new data, or were grey
literature (i.e., non-academic or unpublished sources). This
narrative review is meant to reflect the current state of evidence
for SSBs and children’s health and is not intended to be an
exhaustive review of all available studies.

Key Research Results

u Overweight and Obesity Risk: The review found a
strong, positive relationship between SSB consumption
and overweight and obesity risk in children, meaning that
increased consumption of SSBs was associated with higher
risk of overweight or obesity. This was true for cross-sectional
studies, which provide a snapshot of a single moment in
time (15 of 19 found a positive association in all or some
part of the study population);'*3? longitudinal studies, which
track the same children over time (13 of 19 found a positive
association in all or some part of the study population);**4
and intervention studies, which randomly assign children
to a “treatment” or “control” group and examine relative
changes in SSB consumption before and after the
intervention (three of three found a positive association for at
least one follow-up point). -4

» Insulin Resistance: All seven studies found a positive
association between SSB consumption and insulin resistance,
measured using the homeostasis model assessment of insulin
resistance (HOMA-IR). All six cross-sectional studies
found a positive association in the whole or a subset of
their study population.’*** One longitudinal study was
conducted to examine this association, and it also reported
a positive association between SSB consumption and insulin
resistance.”® No intervention studies have been conducted to
assess the association between SSB consumption and Type 2
diabetes among children and adolescents.

m Dental Caries: Twenty-three studies have examined the
relationship between SSB consumption and dental caries
(cavities or tooth decay) among children and adolescents,
with all but one study reporting a positive association in at
least some part of the study population. Fifteen of the 16
cross-sectional studies® and six of the six longitudinal
studies found a positive association between SSB
consumption and dental caries.”*”> One intervention study
also found a positive association.”®

u Caffeine-Related Effects: Eight cross-sectional studies
examined the caffeine-related effects of SSBs, with seven
focusing on energy drinks,”** and three analyzing the effects
of other caffeinated SSBs such as colas.®* In general, the
literature pointed to an association between energy drinks
and a wide range of health issues, including poor quality or
reduced sleep,””8"#* headaches,”®”*® risk-secking behavior,””78
and depressive symptoms.””®! One longitudinal study was
conducted and found that energy drink consumption was
associated with attention deficit/hyperactivity disorder,
inattention, and hyperactivity.®
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m Substitution: A growing body of research broadly examined
the health effects associated with substituting SSBs for
artificially sweetened beverages, plain water, and milk among
children and adolescents. The literature on substitution was
quite heterogeneous, with considerable variation in study
design, the beverage being substituted, and the outcomes
being examined. Most often, research assessed the effect of
artificially sweetened beverage substitution on total caloric
intake and weight-related outcomes, such as Body Mass
Index (BMI) and body composition. While the results are
limited by a small number of studies, two cross-sectional
studies found an association between substitution of SSBs

and lower caloric intake,¢

and two longitudinal studies
found an association between substitution of SSBs and lower
BMI, % although the results varied by which beverage

was being used for substitution. Four intervention studies
have examined the effects of replacing SSBs on weight-

related outcomes, 46:47:8:90

with the studies finding a mixture
of positive and null results depending on outcome being

examined and follow-up time.

u Taste Preferences: Early childhood (ages 0-5) is a critical
period for the development of food preferences that will carry
over into adulthood and have serious implications for health
over the life course.”'”® No research has been conducted to
assess the effect of SSB consumption during early childhood
on taste preferences, with the literature instead examining
sugar and sweetness more generally.”*® The majority of
research indicated that preference for sweetness is an inborn
trait, while some evidence suggested that repeated exposure
to sweet foods or drinks may result in an infant preferring
that level of sweetness in the future.

Studies Supporting Key Research Results

Overweight and Obesity Risk

The exact mechanism through which SSBs impact childhood
obesity is not entirely understood. Generally, the research points
to the low satiety of SSBs and incomplete compensation.”””®

In other words, drinking calories in liquid form does not

decrease hunger in the same way as solid food, and people do

not sufliciently reduce their total energy intake to make up

for the excess calories from SSBs. There is also a lively debate
about whether the effect of calories from SSBs on body weight

is worse than some other foods or nutrients.””'* Specifically, the
notion that “a calorie is a calorie” has been challenged. While the
American Heart Association, the American College of Cardiology,
and the Obesity Society issued a joint statement urging people to
focus on reducing overall calories for weight loss,'"' some research
suggests that the type of calories consumed matters for losing
weight (i.e., a diet with a low-glycemic index has been shown to
burn more calories than a low-fat diet).'*

Cross-sectional Studies

Most cross-sectional studies found significant positive
associations between SSB intake and obesity risk among children
and adolescents. Of the 19 cross-sectional studies included in

18-32 For

this review,'323219197 15 found positive associations.
example, among 12- to 19-year-olds in the combined 1999-2004
NHANES, each additional SSB serving (250g) consumed per
day was associated with a 0.93-percentile increase in BMI for
age.'?”” These positive findings were well-replicated across a range
of OECD countries, including Canada, Spain, Greece, and in
Australia, where those who consumed more than one SSB serving
(2250g) per day were 26 percent more likely to be overweight or
obese compared to those who consumed less than one serving
per day.?” This was also consistent with results focused on specific
sub-groups, such as among Mexican-American children aged

8 to 10, where each additional SSB serving (240mL) per week
was associated with a 1.3 greater odds of obesity,'® and among
toddlers living in low-income families where no SSB intake was
associated with a 31 percent lower obesity prevalence compared
to households where toddlers consumed two or more SSB
servings (355mL) per day.*

Some of these cross-sectional studies found positive associations
only within subsets of the sample, including specific age, gender,
or racial/ethnic groups. Of the 15 studies that found positive
associations between SSB intake and obesity risk, 10 reported

18,19,21,23-27,30,31 and

this finding for the whole study population
five found positive associations only within a subset of the
population: boys,?* boys aged 6 to 11,? children aged 9 to 11,”

and Mexican-American and non-Hispanic white adolescents.”

Three cross-sectional studies reported null findings,'**1%41% and
one study conducted in South Korea among 9- to 14-year-

olds reported an inverse association among boys, although the
association was not statistically significantly.'® Possible reasons
for these results include: different instruments used to assess
SSB consumption, alternate measures of weight gain, and
systematic underreporting of weight and SSB consumption
among participants.

Longitudinal Studies

Like the cross-sectional analyses, longitudinal studies generally
demonstrated that increased SSB consumption was associated
with excess weight gain among children and adolescents. Of
the 19 longitudinal studies included in this report,?>4108-113
13 found positive association in at least part of the study
population.***> For example, in a nationally representative
survey of parents of 2- to 5-year-olds in the United States,

the authors found that children who consumed more than
one SSB serving (8 ounces) per day at 2 years old had a
significantly greater increase in BMI z-score over the next two
years compared to infrequent/non SSB drinkers.?® Two of the
studies that identified positive relationships between SSBs and
weight gain examined longitudinal associations between SSB
consumption and obesity risk among minority populations,
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with one finding that high SSB intake (defined as greater than
median intake in study population) among Latino toddlers
was significantly associated with a 0.46 higher weight-for-
height z-score at six-month follow-up® and the other finding
that SSB consumption was significantly associated with
two-year risk of being overweight among African-American
preschool children.?

Of the 13 longitudinal studies that found positive associations,

three reported this only among females, >

and one reported
differing results depending on follow-up time.” For example,
one study found high SSB intake (=15 servings/week) at 13
months old was significantly associated with an increased BMI
among girls at ages 2, 3, 4, and 6.% Another study found that
girls who moved to the top tertile of SSB consumption (>335g/
day) between 14 and 17 years of age had increased BMI and
nearly a five-fold greater odds of overweight or obesity risk
compared to girls who remained in the lowest tertile of SSB
consumption.” One study found a positive association when
using SSB consumption at 15 years to predict change in BMI
from ages 15 to 21 and found null results when using SSB
consumption at 9 years as a predictor.”®

Six of the 19 longitudinal studies found no association between
SSBs and BMI or BMI z-scores'*''% and most of these six
studies received neutral quality ratings for methodological
quality in a recent systematic review.'"” None of the six studies
reporting null results examined obesity or overweight risk and
instead reported BMI or zZBMI scores.

Intervention Studies

Several intervention studies have examined SSB consumption
and overweight and obesity risk among children. Three recent
randomized controlled trials found a reduction in BMI or obesity
risk in the intervention group compared to the control.**® De
Ruyter and colleagues conducted a double-blinded placebo-
controlled trial wherein 641 normal weight Dutch children were
randomized to receive either 250mL of an SSB or a sugar-free
beverage each day for 18 months.“ The children in the study
were recruited from urban elementary schools in the Netherlands
and over half of participants had a parent with a college or
university degree. At the end of the trial, the difference in BMI
z-score was significantly different between the two groups, with
the SSB group increasing on average by 0.15 units (compared to
0.02 units in the sugar-free group).

The second study randomized 224 overweight and obese
American adolescents who regularly consumed SSBs to either
participate in a program to reduce SSB consumption or
receive no intervention.”” The study population was relatively
heterogeneous, capturing a number of different race/ethnic
groups, household incomes, and parental education levels. At
the end of the one-year intervention, those in the intervention
group had beneficial changes in BMI and weight compared

to those who did not receive the intervention, but these
differences in BMI were no longer significant when participants
were followed-up for an additional year after the end of the
intervention. However, in a subgroup analysis of Hispanic
participants, there were significant differences in BMI between
groups at both follow-up periods.

The third study was a cluster randomized trial in which

schools in the United Kingdom were randomized to either

an intervention discouraging consumption of SSBs/health
education classes or no intervention for one year.*1¢ Details on
study population demographics (e.g., race/ethnicity, household
income) were not reported. A significant difference in BMI
z-scores and overweight/obesity prevalence between groups

was observed at the end of the first year, supporting a positive
association between SSBs and obesity risk.!'® Two years after the
intervention had been discontinued, the researchers completed
a follow-up assessment and reported the differences in BMI
between the groups were no longer significant.®

Insulin Resistance

While strong and consistent evidence has shown a positive
relationship between SSB consumption and Type 2 diabetes

among adulgs,®!7!18

the available literature among children and
adolescents was limited. In addition, the majority of studies
among children and adolescents did not directly examine

the link between SSB consumption and Type 2 diabetes.
Instead, studies primarily used measures of insulin resistance
such as HOMA-IR, which is calculated using fasting glucose
and fasting insulin levels. The studies among children and
adolescents generally found a strong positive relationship
between SSB consumption and HOMA-IR, although most
were cross-sectional in design, which limited their utility in
making causal inferences. Several studies examined other
measures associated with insulin resistance and metabolic
syndrome, such as blood pressure, body composition, and lipid
profiles, generally finding evidence for an association between
SSB consumption and these measures.

Cross-sectional Studies

All six cross-sectional studies found a positive association in the
whole or a subset of their study population.’*-* For example,
among 12- to 19-year-olds in 1999-2004 NHANES, each
additional SSB serving (250g) consumed per day was associated
with a 5 percent increase in HOMA-IR, a 0.16mmHg increase
in systolic blood pressure (SBP), a 0.47cm increase in waist
circumference, and a 0.48mg/dL decrease in high density
lipoprotein cholesterol (HDL-C) concentrations.'” One study
reported associations by race, with associations for increased
HOMA-IR, triglyceride levels, and waist circumference found
among non-Hispanic white and black participants, but null
associations among Mexican Americans.”® Another study
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reported a stronger association between SSB consumption
and higher HOMA-IR and SBP among overweight/obese
participants compared to normal weight participants.”

Longitudinal Studies

Only one longitudinal study was conducted to examine this
association, reporting that an additional 10g/day of added sugar
from liquid sources was associated with a 0.04mmol/L higher
fasting glucose, 2.3pmol/L higher fasting insulin, and 0.1 unit
increase in HOMA-IR over two-year follow-up.*

Dental Caries

A number of studies examined the relationship between
SSB consumption and dental caries (cavities or tooth decay)
among children and adolescents, with almost all evidence
pointing toward a strong positive association. The mechanism
for the association is well understood: dental caries are
caused by acids produced by bacteria metabolizing sugar in
the mouth. Increased sugar from SSBs intensifies the acid
production and causes further decay of teeth.'”” While the
majority of studies examining SSB intake and dental caries
were cross-sectional, there have been several longitudinal
studies and one intervention study that also supported the
positive likely causal relationship.

Cross-sectional Studies

Of the 16 cross-sectional studies,” % 15 found a positive
association between SSB consumption and dental caries in

at least part of the population.”* For example, one study
reported that the prevalence of caries was 22 percent higher
for each additional SSB serving consumed by children per
day.®” Several studies replicated this positive association among
low-income children,’”**% with one study reporting that high
SSB consumption (25 ounces/day) was associated with a 4.6
greater odds of dental caries compared to those with lower SSB
consumption (<5 ounces/day).”” Some studies examined how
specific timing of SSB consumption affected dental caries, with
Hoffmeister et al.*” finding an association with dental caries
and SSBs consumed at bedtime and Declerck et al.*® finding an
association with dental caries and SSBs consumed at nighttime
among 3-year-olds and for SSBs consumed between meals
among 5-year-olds.

One cross-sectional study reported null results, finding no
association between SSB consumption and dental caries among
Alaska Natives—a result that may have been related to the small
sample size (N = 51).'%

Longitudinal Studies
All six of the longitudinal studies included in this review
found a positive association between SSB consumption and

dental caries in at least part of the population.””> One study
reported that a high consumption of SSBs (23 servings per
week) among infants 10 to 12 months old was associated
with a 1.8 times greater odds of dental caries at age 6,
compared with individuals who did not consume SSBs during
infancy.”! Three studies reported these positive associations
among specific subgroups including: low-income,” African-
American,”® and American-Indian children.”? For example,
Lim et al. conducted a cluster analysis and reported that
African-American children who changed from being low
consumers of SSBs at baseline (mean consumption = 567mL/
day) to high consumers of SSBs at two-year follow-up (mean
consumption = 1032mL/day) had a 1.8 times higher mean
number of new dental caries compared with low consumers of
SSBs at both baseline and two-year follow-up.”

Intervention Studies

Only one intervention study has been conducted to assess SSB
consumption and dental caries.”* Maupomé et al. conducted an
intervention to reduce SSB consumption, improve breastfeeding
practices, and promote consumption of water for thirst among
toddlers in three American-Indian communities. While the
intervention communities demonstrated improvements in

the number of dental caries, it was not possible to attribute

this specifically to reduction in SSB consumption alone as the
intervention was a multi-pronged approach.

Caffeine-related Effects

Seven of the eight studies examining the caffeine-related effects
of SSBs focused on energy drinks, 7% while three analyzed the
effects of other caffeinated SSBs such as colas.®*** One reason

for this may be the considerably higher level of caffeine content
in energy drinks: an 8-ounce energy drink has an average of
80mg of caffeine (range: 27-87mg), compared to 40g of caffeine
(range: 30-60mg) in an 11-ounce cola drink.'*! While most
energy drinks contain sugar, some versions are sugar-free and this
distinction is not always made in studies. In general, the literature
pointed to an association between energy drinks and a wide
range of health issues including poor quality or reduced sleep,
headaches, risk-seeking behavior, and depressive symptoms.

Cross-sectional Studies

Seven cross-sectional studies examined the effects of energy drink
consumption among children and adolescents,”* with each
study often reporting on multiple outcomes and finding a mix
of positive and null results. Three studies found evidence for

an association between energy drink consumption and sleep-
related issues such as sleep dissatisfaction, tiredness/fatigue, and
late bedtime,””%5 and three reported an association between
energy drink intake and increased headaches.”®”>#2 Two studies
reported an association between energy drink consumption and
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risk-taking behaviors such as cigarette, marijuana, and drug
use,”® and two studies found an association between energy drink
consumption and stress, depressive symptoms, and suicidal
ideation, plan, or actempt.””#"5* Other outcomes reported
include irritable mood,” stomachache, and low appetite.®

Three cross-sectional studies examined caffeine-related

effects of cola drinks.®** One found that both low and high
consumption of cola were associated with lower stress, but
found null associations with anxiety and depression.®* Another
examined both cola and energy drinks and found that higher
consumption of both beverages was associated with headaches,
stomachaches, sleeping problems, and low appetite.’* More
specifically, among males drinking more than one cola per day
was associated with a 1.3 greater odds of headache compared
to no cola consumption, and among females drinking more
than one cola per day was associated with a 1.1 greater odds of
headache compared to no cola consumption. The third study
found that insuficient sleep duration (<10 hours/weekday)
was associated with consuming soda more frequently among
schoolchildren in Massachusetts.

Longitudinal Studies

Marmorstein et al. found evidence that increased energy drink
consumption was associated with attention deficit/hyperactivity
disorder, inattention, and hyperactivity at 16-month follow-
up, but did not find evidence for associations with depression,
panic, and anxiety.®

Cardiovascular events and caffeine toxicity are an emerging
concern associated with energy drink consumption. While this
is outside the scope of this review, a recent review identified 15
cases of energy drink-related adverse cardiovascular events, of
which seven occurred in those aged 19 or younger. In many
cases, the negative effects of caffeine are exacerbated when

combined with alcohol.'?

Substitution

A substantial body of research broadly examined the health
effects associated with substituting SSBs with artificially
sweetened beverages, plain water, juice, and milk among
children and adolescents. The literature on substitution was
quite heterogeneous, with considerable variation in study
design, the beverage being substituted, and the outcomes
being examined. Most often, research assessed the effect of
artificially sweetened beverage substitution on total caloric
intake and weight-related outcomes such as BMI and body
fatness. While the results were mixed, substitution of SSBs was
generally associated with decreased consumption of calories
and beneficial body weight outcomes. However, the optimal
beverage for substitution of SSBs was unclear. In particular, the
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literature on artificially sweetened beverages and weight-related
outcomes was controversial,'?*!? although discussion of this is
beyond the scope of this review. An additional area of interest
in substitution research was how increased consumption of
SSBs was often associated with a decrease in consumption of
healthier alternatives such as water and milk.

Cross-sectional Studies

Two cross-sectional studies were conducted to predict what
effect substitution would have on total caloric intake.®>5¢

Wang et al. analyzed two non-consecutive days of dietary data
for each child in 2003-2004 NHANES and suggested that

a hypothetical substitution of 1 percent of SSBs by weight

with water would correspond to a 6.6 calorie lower caloric
intake overall, with this decrease not negated by compensatory
increases in other food or beverages.®® The analysis suggested no
benefit would be observed by hypothetically substituting SSBs
for artificially sweetened beverages and a small increase in total
caloric intake would be observed when substituting with whole
milk or reduced-fat milk. Shamah-Levy et al. also considered
the association between water, SSB consumption, and total
energy intake, and found that the combination of high water
and low SSB consumption was associated with a 230 calorie
lower total caloric intake compared to the low water and high
SSB consumption combination.®

With respect to how SSB consumption affects consumption

of healthier beverages, two cross-sectional studies found that
greater SSB consumption was associated with lower milk
intake, with one of these studies additionally finding these same

associations in a longitudinal study design.?*!%

Longitudinal Studies

Two longitudinal studies examined the effects of substitution
on weight-related outcomes.®”*® Zheng et al. followed a cohort
of Danish children for six years and predicted that hypothetical
daily substitution of 100g of SSB with 100g of water would
be inversely associated with BMI, as would the substitution

of 100g of SSB for 100g of milk.*® A second study based on

a secondary analysis of an RCT replicated the result for milk
but did not find the same association for water. The study
additionally found that hypothetical substitution of 100g

of SSB for 100g of artificially sweetened beverages would be
associated with a lower BMIL.%

Intervention Studies

A number of intervention trials have been conducted with
children who are regular consumers of SSBs to analyze the
effects of beverage substitution. Four intervention studies
have examined weight-related outcomes associated with
substitution.*¢47:8% Albala et al. examined the effects of
replacing SSB consumption with 3 servings per day of milk
among 98 overweight and obese children and reported no



difference in body fat between the two groups at 16-week
follow-up, although beneficial effects were found for lean body
mass and height in the intervention group.®” As discussed in
the obesity section, De Ruyter et al. conducted a double-blind
randomized controlled trial of 641 normal weight children aged
4 to 11 to examine the effects of masked replacement of 250mL
of a SSB with the same quantity artificially sweetened beverage
and found that those randomized to artificially sweetened
beverages had reduced weight gain and fat accumulation.
Muckelbaurer et al. implemented a year-long intervention study
aimed to increase water consumption in various schools in
Germany. While increasing water consumption by one glass per
day was associated with reduced consumption of SSBs by 0.12
glasses per day, no changes in BMI were associated with water
substitution.”® Also discussed in the obesity section, Ebbeling
et al. randomized adolescents who reported consuming at least
one serving (12 ounces) of SSBs per day to an intervention
group that aimed to displace SSBs with non-caloric beverages
and reported significant differences in BMI compared to the
control group at one-year follow-up, although this was no
longer significant at two-year follow-up.?

Two intervention studies examined satiety and taste preference
outcomes associated with substitution.'”!?® De Ruyter et al.
randomized children aged 7 to 11 to either 250mL of an SSB

or a similar volume of an artificially sweetened beverage and
found no difference in satiety between the two groups, providing
evidence that substitution with artificially sweetened beverages
will not necessarily cause children to seek the missing calories
from other sources.'”” Those assigned to the SSB group reported
liking and wanting their beverage more than those in the
artificially sweetened beverage group. Another study by de Ruyter
et al. also randomized children to taste seven pairs of SSB and
artificially sweetened beverages and found that only 24 percent
of children were capable of differentiating between the two drink
types, providing further evidence that substitution of artificially
sweetened beverages may be readily accepted by children.'?

While this review does not include multi-component health
promotion approaches where the effects of SSB substitutions
cannot be isolated, these studies can be found in the literature.
For example, Singh et al. randomized Dutch secondary schools
to receive a biology, physical education, and environmental
change program for 20 months and reported that SSB
consumption was significantly lower in the intervention group
at follow-up.'® Similarly, another RCT conducted in the
Netherlands randomized schools to a web-based computer
intervention aimed at increasing physical activity, decreasing
sedentary behavior, and promoting healthy eating, again
finding that SSB consumption was significantly lower in the
intervention group at two-year follow-up.'*

Taste Preferences

Early childhood (ages 0-5) is a critical period for the development
of food preferences that will carry over into adulthood and have
serious implications for health over the life course.”** To the best
of our knowledge, no published research has been conducted

to assess the effect of SSB consumption during early childhood
on taste preferences, with the literature instead examining sugar

949 Most research indicates that

and sweetness more generally.
preference for sweetness is an inborn trait, with some evidence
suggesting that repeated exposure to sweet foods or drinks may

result in an infant preferring that level of sweetness in the future.

Existing research consistently supports an inborn preference
for sweetness.”*13! For example, Desor et al. reported that
24- to 84-hour-old infants displayed effective discrimination
and a strong preference towards sugar solutions compared
with plain water."” Another study found that infants born
preterm strongly preferred a sucrose-sweetened latex nipple
compared with an unsweetened alternative.'?® Finally, Steiner
et al. examined the facial expressions of infants tasting a
sweet solution and observed that the infants’ faces were often
relaxed and expressed satisfaction.'® Taken together, these
studies provide evidence that the preference for sweetness is
likely innate, although this preference appears to diminish

as a child ages.!?!% This preference is attributable to innate,
evolutionary-driven mechanisms, wherein sweetness indicates
the presence of caloric sugar necessary for survival and attracts
infants to their mothers’ milk.”*> Additional research has
examined the pain-relieving properties of sugar as a possible

driving factor for its preference during early childhood.!#1%

Some evidence suggests that repeated exposure to sweet foods
and drinks during early childhood also influences taste preference
for sweetness.”*'*! In one of the earliest studies of sweetness,
Beauchamp and Moran assessed preference for sucrose solutions
among 140 infants and found that those who were routinely fed
sweetened water preferred the sucrose solution more than those
who were not fed sweetened water on a routine basis.'! However,
a second study by the same authors found that exposure to
sweetened water failed to result in a heightened preference for
sweetness in general (including fruit-flavored drinks), but rather
was limited to a preference for the same sucrose solution.'? Liem
and Mennella analyzed how infant formula history (sweet vs.
sour choice) affected preferences for sweet or sour apple juice.'®
The authors found no significant difference in preference for
apple juice with added sugar between infant formula histories,
although did find that children of mothers who reported adding
sugars to food on a routine basis were more likely to prefer

apple juices with added sugar. Sullivan and Birch examined how
repeated exposure can make a food more familiar, appropriate,
and acceptable, finding that children exposed to a sweet version
of tofu ultimately preferred that version of tofu over plain and

salty varieties during a post-exposure taste test.'*
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Conclusions

Overall, SSB consumption has declined in the last 15 years.
However, for some children and adolescents, levels of SSB
consumption remain unacceptably high, with many children
still consuming more than the recommended amount set by the
2015-2020 Dietary Guidelines." There is clear evidence that
consumption of SSBs increases overweight and obesity risk and
dental caries among children and adolescents, with emerging
evidence linking SSB consumption and both insulin resistance
and caffeine-related effects. More research is needed related

to substitution and taste preferences. The vast majority of the
available literature suggests that reducing SSB consumption
would help improve children’s health by decreasing the risk for
obesity and other negative health consequences.

Policy Implications

For more than a decade, reducing SSB consumption has been
the focus of many public health efforts. During this time, there
has been progress in passing legislation, regulations, and ballot
initiatives that have been used to enact SSB taxes (that have
passed in eight jurisdictions to date),'% remove SSBs from
schools, 1> limit total added sugars in beverages in schools,
and require restaurants to substitute water or milk as the default
beverage on kids’ menu items in restaurants. There have also been
voluntary actions by some large organizations to create healthy
beverage defaults (i.e., Disney theme parks removed SSBs as a
default on their children’s menu and instead offer low-fat milk),
increase the availability of healthy beverages (e.g., in hospitals,
health systems, universities, and recreation centers), and remove
SSBs from children’s meals (e.g., McDonald’s and Wendy’s)."!

It is not possible to point to one area of policy progress in the
public or private sectors as the key reason for the downward
trend in SSB consumption among children. What is clear is
that a continued focus on environmental changes to reduce SSB
consumption, particularly those that alter the food and beverage
environment in a permanent way (such as removing SSBs from
schools) are generally considered to have a larger potential
population effect, and more likely to be cost-effective and
equitable when compared to approaches focused on individual
behavior change (such as a onetime media campaign).'>>'5

Going forward, more research is needed to both catalog the
passage of new policies (in the public and private sector) that
aim to reduce SSB consumption as well as the impact of these
policies on children’s SSB consumption and associated health

outcomes. In addition to evaluating the impact of individual
policies on SSB consumption and health outcomes, it will be
important to understand the relative and collective impact of
various SSB policies on reducing SSB consumption and the
risk for adverse health outcomes in order to effectively target
resources and design future interventions.

There is also a need for new policies which aim to reduce SSB
consumption in a few key areas where there has been limited
policy progress to date. One is reducing children’s exposure

to marketing of SSBs, especially marketing approaches
targeted to black and Hispanic children. Another is legislation
that requires restaurants to remove SSBs from children’s
combination meals or change the default beverage on the
children’s menu to milk or water. To date, only a handful of
municipalities have passed such statutes.

Future Research Needs

While there is a large and growing body of research examining
the impact of SSBs on children’s health, important gaps
remain. One important area for future research is to address
gaps in the literature related to the mechanisms through
which SSBs impact children’s health. For example, although
the link between SSB consumption and excess weight gain

is clear, the exact mechanism through which SSBs impact
childhood obesity is not entirely understood. Future research
should also utilize more rigorous study designs to provide
clarity about prior null or mixed results. More specifically,
longitudinal study designs with suflicient follow-up and
repeated measures are needed to effectively assess the effect

of SSB consumption over the life course. Together with
observational evidence, more intervention studies should also
be conducted, with attention to methodological issues such
as loss to follow-up, poor compliance, and lack of blinding.
Additional research is needed examining a broader variety of
caffeinated SSBs and their impact on children’s health beyond
energy drinks, the optimal beverage substitution for SSBs,
and the effect of SSB consumption during early childhood on
taste preferences or shifting norms.

For each of these gaps in the literature, information is

needed regarding whether observed outcomes differ within
populations at higher risk for obesity, particularly for promising
interventions and policy approaches that reduce children’s SSB
consumption. Better insights in these areas have the potential
to inform real-world policies and recommendations that may

greatly benefit children’s health.
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Appendix A: Study Designs & Limitations

A variety of study designs have been utilized to examine the
association between SSBs and various health outcomes among
children and adolescents. In general, cross-sectional studies are
seen as the weakest form of evidence and intervention studies
are viewed as the strongest, with longitudinal and case control
falling in between. However, this hierarchy is greatly impacted
by the quality of measures, methodological rigor, the sample
size, the study duration, and possible to sources of bias. Many
of the study designs share common limitations including: issues
with measuring exposure (e.g. single-day dietary assessments
may not adequately depict usual SSB intake), heterogeneity in
outcome assessment (e.g. use of BMI, BMI z-scores, vs. obesity
cut-offs) and insufficient length of follow-up.

Cross-Sectional

Cross-sectional studies collect both exposure and outcome
dara at the same point in time, limiting the ability to make
inferences about causality. Moreover, cross-sectional studies are
prone to problematic biases including reverse causality (a two-
way causal relationship or a contrary direction of cause-and-
effect), recall bias (differences in the accuracy or completeness
of the recollections “recalled” by study participants regarding
events or experiences from the past), and unmeasured
confounding (variables which may impact the exposure and
outcome but were not included in the analysis).

Longitudinal

Longitudinal studies observe associations over time, allowing
for an examination of how changes in exposure (i.e. SSB
consumption) can impact health outcomes at follow-up. Well-
designed and methodologically rigorous longitudinal studies

are a stronger form of evidence than cross-sectional studies,
particularly those with large samples and longer duration,
and can provide important insights into the relationship
between SSB consumption and health outcomes over time.
However, threats to validity still exist including unmeasured
confounding and insuflicient length of follow-up. Insufficient
length of follow-up is an important concern as temporal
relationships between SSBs and certain health outcomes are
not completely understood; hence, if a study ends before
adequate time has passed for a health outcome to appear, the
association will be underestimated.

Intervention

Intervention studies evaluate outcome differences (e.g.,

body weight) between children and adolescents randomized
to consume either SSBs or non-caloric alternatives. The
randomized nature of intervention studies provides the
significant advantage that confounders (both measured and
unmeasured) should be approximately equally distributed
between groups, allowing for stronger causal inferences to be
made. Intervention studies examining SSB consumption are
limited by the ethical concerns of randomizing children to
increase their SSB consumption. Therefore, most intervention
studies randomize current consumers of SSBs to maintain
their consumption levels or substitute SSBs with other
beverages. Some intervention studies utilize multi-pronged
approaches to improve community health, of which reducing
SSB consumption is one component. These studies were not
included in this report as it is not possible to separate the effect
of reducing SSB consumption from other approaches being
implemented concurrently. Major methodological concerns in
intervention studies include insufficient length of follow-up,
adherence, and compliance.
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Appendix B: Search Strategies

PubMed, CAB Abstracts and PAIS International were all
searched. The start date restriction was Jan 1, 2007 for the
searches on obesity, insulin resistance, dental caries, caffeine-
related effects and substitution. There was no start date
restriction for taste preferences. All searches were restricted to
articles published in English.

Obesity: searched on January 31, 2017

PubMed

((“Beverages”[Mesh] OR beverage[tiab] OR beverages|tiab]
OR drink[tiab] OR drinks[tiab] OR soda[tiab] OR sodas|[tiab]
OR juice[tiab] OR juices[tiab] OR pop[tiab] OR tea[tiab] OR
teas[tiab] OR coffee*[tiab] OR milk*[tiab]) AND ((“Nutritive
Sweeteners’[Mesh] OR sucrose[tiab] OR fructose|[tiab]

OR sugar[tiab] OR sugary[tiab] OR sugared[tiab] OR
sweet[tiab] OR sweetened[tiab] OR sweetener*[tiab] OR
nondiet[tiab] OR non diet[tiab] OR high calorie[tiab]) OR
(fruit juice*[tiab] OR fruit drink*[tiab] OR regular soda*[tiab]
OR caloric beverage*[tiab] OR fruit punch*[tiab] OR sport
drink*[tiab] OR energy drink*[tiab]))) AND ((“Child”[Mesh]
OR “Adolescent”[Mesh] OR preschooler*[tiab] OR pre
schooler*[tiab] OR pre school[tiab] OR preschool[tiab]

OR toddler*[tiab] OR child[tiab] OR children[tiab] OR
children’s[tiab] OR childhood[tiab] OR adolescent][tiab]

OR adolescents[tiab] OR adolescence[tiab] OR teen|[tiab]

OR teens[tiab] OR teenager[tiab] OR teenagers[tiab] OR
teenage([tiab] OR prekindergar*[tiab] OR nursery school*[tiab]
OR head start[tiab] OR kindergar*[tiab] OR grade
school*[tiab] OR elementary school*[tiab] OR elementary
student*[tiab] OR middle school*[tiab] OR high school*[tiab]
OR highschool*[tiab] OR public school*[tiab] OR boy[tiab]
OR boys[tiab] OR girl[tiab] OR girls[tiab] OR pediatric*[tiab]
OR paediatric*[tiab])) AND ((“Overweight” [Mesh] OR “Body
Weight” [Mesh:NoExp] OR “Body Weight Changes” [Mesh]
OR “Body Composition” [Mesh] OR “Body Mass Index”
[Mesh] OR obese[tiab] OR obesity[tiab] OR overweight[tiab]
OR weight[tiab] OR weighed[tiab] OR body mass[tiab] OR
bmi[tiab] OR body composition[tiab] OR adipose[tiab] OR
adiposity[tiab]))

CAB Abstracts and PAIS International

((beverage OR beverages OR drink OR drinks OR soda

OR sodas OR juice OR juices OR pop OR tea OR teas OR
coffee* OR milk*) AND ((“Nutritive Sweeteners” OR sucrose
OR fructose OR sugar OR sugary OR sugared OR sweet OR
sweetened OR sweetener* OR nondiet OR “non diet” OR
“high calorie”) OR (“fruit juice*” OR “fruit drink*” OR “regular
soda*” OR “caloric beverage®” OR “fruit punch*” OR “sport
drink*” OR “energy drink*”))) AND (preschooler* OR “pre
schooler®” OR “pre school” OR preschool OR toddler* OR

child OR children OR children’s OR childhood OR adolescent
OR adolescents OR adolescence OR teen OR teens OR
teenager OR teenagers OR teenage OR prekindergar® OR
nursery school* OR “head start” OR kindergar* OR “grade
school®” OR “elementary school*” OR “elementary studenc*”
OR “middle school*” OR “high school*” OR highschool*

OR “public school*” OR boy OR boys OR girl OR girls

OR pediatric* OR paediatric*) AND (obese OR obesity OR
overweight OR weight OR weighed OR “body mass” OR bmi
OR “body composition” OR adipose OR adiposity)

Insulin Resistance: searched on February 16,2017

PubMed

(((((“Beverages”[Mesh] OR beverage[tiab] OR beverages|tiab]
OR drink[tiab] OR drinks[tiab] OR soda[tiab] OR sodas[tiab]
OR juice[tiab] OR juices[tiab] OR popl[tiab] OR tea[tiab] OR
teas[tiab] OR coffee*[tiab] OR milk*[tiab]) AND (“Nutritive
Sweeteners’[Mesh] OR sucrose[tiab] OR fructose[tiab]

OR sugar[tiab] OR sugary[tiab] OR sugared|tiab] OR
sweet[tiab] OR sweetened[tiab] OR sweetener*[tiab] OR
nondiet[tiab] OR non diet[tiab] OR high calorie[tiab]) OR
(fruit juice*[tiab] OR fruit drink*[tiab] OR regular soda*[tiab]
OR caloric beverage*[tiab] OR fruit punch*[tiab] OR sport
drink*[tiab] OR energy drink*[tiab])))) AND ((“Child”[Mesh]
OR “Adolescent”[Mesh] OR preschooler*(tiab] OR pre
schooler*[tiab] OR pre school[tiab] OR preschool[tiab]

OR toddler*[tiab] OR child[tiab] OR children[tiab] OR
children’s[tiab] OR childhood[tiab] OR adolescent[tiab]

OR adolescents[tiab] OR adolescence[tiab] OR teen[tiab]

OR teens[tiab] OR teenager[tiab] OR teenagers[tiab] OR
teenage([tiab] OR prekindergar*[tiab] OR nursery school*[tiab]
OR head start[tiab] OR kindergar*[tiab] OR grade
school*[tiab] OR elementary school*[tiab] OR elementary
student*[tiab] OR middle school*[tiab] OR high school*[tiab]
OR highschool*[tiab] OR public school*[tiab] OR boy[tiab]
OR boys[tiab] OR girl[tiab] OR girls[tiab] OR pediatric*[tiab]
OR paediatric*[tiab]))) AND ((“Diabetes Mellitus”[Mesh]

OR “Insulin Resistance”’[MeSH] OR diabetes[tiab] OR
diabetic*[tiab] OR insulin resistance[tiab] OR type 2 DM
[tiab] OR type II DM [tiab]))

CAB Abstracts and PAIS International

((beverage OR beverages OR drink OR drinks OR soda

OR sodas OR juice OR juices OR pop OR tea OR teas OR
coffee* OR milk*) AND ((“Nutritive Sweeteners” OR sucrose
OR fructose OR sugar OR sugary OR sugared OR sweet OR
sweetened OR sweetener* OR nondiet OR “non diet” OR
“high calorie”) OR (“fruit juice*” OR “fruit drink*” OR “regular
soda*” OR “caloric beverage®” OR “fruit punch*” OR “sport
drink*” OR “energy drink*”))) AND (preschooler* OR “pre
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schooler*” OR “pre school” OR preschool OR toddler* OR
child OR children OR children’s OR childhood OR adolescent
OR adolescents OR adolescence OR teen OR teens OR

teenager OR teenagers OR teenage OR prekindergar® OR
nursery school* OR “head start” OR kindergar* OR “grade

*2 *» *2

school*” OR “elementary school*” OR “elementary student
OR “middle school*” OR “high school*” OR highschool*
OR “public school*” OR boy OR boys OR girl OR girls OR
pediatric* OR paediatric*) AND (diabetes OR diabetic* OR
“insulin resistance” OR “type 2 DM” OR “type Il DM”)

Dental Caries: searched on March 1, 2017

PubMed

((“Beverages”[Mesh] OR beverage[tiab] OR beverages|tiab]
OR drink[tiab] OR drinks[tiab] OR soda[tiab] OR sodas[tiab]
OR juice[tiab] OR juices[tiab] OR popl[tiab] OR tea[tiab] OR
teas[tiab] OR coffee*[tiab] OR milk*[tiab]) AND ((“Nutritive
Sweeteners”’[Mesh] OR sucrose[tiab] OR fructose[tiab]

OR sugar[tiab] OR sugary[tiab] OR sugared[tiab] OR
sweet[tiab] OR sweetened[tiab] OR sweetener*[tiab] OR
nondiet[tiab] OR non diet[tiab] OR high calorie[tiab]) OR
(fruit juice*[tiab] OR fruit drink*[tiab] OR regular soda*[tiab]
OR caloric beverage*[tiab] OR fruit punch*[tiab] OR sport
drink*[tiab] OR energy drink*[tiab]))) AND ((“Child”[Mesh]
OR “Adolescent”[Mesh] OR preschooler*[tiab] OR pre
schooler*(tiab] OR pre school[tiab] OR preschool[tiab]

OR toddler*[tiab] OR child[tiab] OR children[tiab] OR
children’s[tiab] OR childhood[tiab] OR adolescent|[tiab]

OR adolescents[tiab] OR adolescence[tiab] OR teen|[tiab]

OR teens[tiab] OR teenager[tiab] OR teenagers[tiab] OR
teenage(tiab] OR prekindergar*[tiab] OR nursery school*[tiab]
OR head start[tiab] OR kindergar*[tiab] OR grade
school*[tiab] OR elementary school*[tiab] OR elementary
student*[tiab] OR middle school*[tiab] OR high school*[tiab]
OR highschool*[tiab] OR public school*[tiab] OR boy[tiab]
OR boys|[tiab] OR girl[tiab] OR girls[tiab] OR pediatric*[tiab]
OR paediatric*[tiab])) AND (“Dental Caries”[Mesh:NoExp]
OR caries[tiab] OR tooth decay[tiab] OR dental decay][tiab])

Cab Abstracts and PAIS International

((beverage OR beverages OR drink OR drinks OR soda

OR sodas OR juice OR juices OR pop OR tea OR teas OR
coffee* OR milk*) AND ((“Nutritive Sweeteners” OR sucrose
OR fructose OR sugar OR sugary OR sugared OR sweet OR
sweetened OR sweetener® OR nondiet OR “non diet” OR “high
calorie”) OR (“fruit juice*” OR “fruit drink*” OR “regular
soda*” OR “caloric beverage*” OR “fruit punch*” OR “sport
drink*” OR “energy drink*”))) AND (preschooler* OR “pre
schooler*” OR “pre school” OR preschool OR toddler* OR child
OR children OR children’s OR childhood OR adolescent OR
adolescents OR adolescence OR teen OR teens OR teenager OR
teenagers OR teenage OR prekindergar® OR nursery school* OR

“head start” OR kindergar* OR “grade school*” OR “elementary
school*” OR “elementary student®” OR “middle school*” OR

“high school*” OR highschool* OR “public school*” OR boy
OR boys OR girl OR girls OR pediatric* OR paediatric*) AND
(caries OR tooth decay OR dental decay)

Caffeine-related: searched on March 19, 2017

PubMed

(((((“Beverages”[Mesh] OR beverage[tiab] OR beverages|[tiab]
OR drink[tiab] OR drinks[tiab] OR soda[tiab] OR sodas[tiab]
OR juice[tiab] OR juices[tiab] OR popl[tiab] OR tea[tiab] OR
teas[tiab] OR coffee*[tiab] OR milk*[tiab]) AND (“Nutritive
Sweeteners”’[Mesh] OR sucrose[tiab] OR fructose[tiab]

OR sugar[tiab] OR sugary[tiab] OR sugared|[tiab] OR
sweet[tiab] OR sweetened[tiab] OR sweetener*[tiab] OR
nondiet[tiab] OR non diet[tiab] OR high calorie[tiab]) OR
(fruit juice*[tiab] OR fruit drink*[tiab] OR regular soda*[tiab]
OR caloric beverage*[tiab] OR fruit punch*[tiab] OR sport
drink*[tiab] OR energy drink*[tiab])))) AND ((“Child”[Mesh]
OR “Adolescent”[Mesh] OR preschooler*[tiab] OR pre
schooler*(tiab] OR pre school[tiab] OR preschool[tiab]

OR toddler*[tiab] OR child[tiab] OR children[tiab] OR
children’s[tiab] OR childhood[tiab] OR adolescent][tiab]

OR adolescents[tiab] OR adolescence[tiab] OR teen|[tiab]

OR teens[tiab] OR teenager[tiab] OR teenagers[tiab] OR
teenage|[tiab] OR prekindergar*[tiab] OR nursery school*[tiab]
OR head start[tiab] OR kindergar*[tiab] OR grade
school*[tiab] OR elementary school*[tiab] OR elementary
student*[tiab] OR middle school*[tiab] OR high school*[tiab]
OR highschool*[tiab] OR public school*[tiab] OR boy[tiab]
OR boys[tiab] OR girl[tiab] OR girls[tiab] OR pediatric*[tiab]
OR paediatric*[tiab]))) AND (“Caffeine’[Mesh] OR
caffeine[tiab] OR caffeinated|[tiab])

CAB Abstracts and PAIS International

((beverage OR beverages OR drink OR drinks OR soda

OR sodas OR juice OR juices OR pop OR tea OR teas OR
coffee* OR milk*) AND ((“Nutritive Sweeteners” OR sucrose
OR fructose OR sugar OR sugary OR sugared OR sweet OR
sweetened OR sweetener® OR nondiet OR “non diet” OR
“high calorie”) OR (“fruit juice*” OR “fruit drink*” OR “regular
soda*” OR “caloric beverage*” OR “fruit punch*” OR “sport
drink*” OR “energy drink*”))) AND (preschooler* OR “pre
schooler*” OR “pre school” OR preschool OR toddler* OR
child OR children OR children’s OR childhood OR adolescent
OR adolescents OR adolescence OR teen OR teens OR
teenager OR teenagers OR teenage OR prekindergar® OR
nursery school* OR “head start” OR kindergar* OR “grade

1*” l*» *2

school*” OR “elementary school*” OR “elementary student
OR “middle school*” OR “high school*” OR highschool*
OR “public school*” OR boy OR boys OR girl OR girls OR
pediatric* OR paediatric®) AND (caffeine OR caffeinated)
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PRISMA Flow Diagram: Obesity
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PRISMA Flow Diagram: Insulin Resistance

Records identified through
database searching
(n=375)

PubMed: 207
Cab Abstracts: 164
PAIS International: 4

!

Records after duplicates removed
(n= 308)

.

Titles and abstracts
screened —
(n =308)

1

Full-text screened
(n =28) —

.

Included studies
(n=7)
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PRISMA Flow Diagram: Dental Caries
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PRISMA Flow Diagram: Caffeine-related
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