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Abstract

Temporal trends in the epidemic of childhood obesity have been paralleled
by increases in the consumption of sugar-sweetened beverages (SSB) during
childhood. Consumption has increased dramatically over the past several
decades in all age ranges, with some moderation over the past 10 years.
Evidence from cross-sectional, longitudinal, and interventional studies sup-
ports links between SSB consumption in childhood and unhealthy weight
gain, as well as other untoward health outcomes. These data have stimu-
lated public health efforts to curtail consumption as a means of improving
childhood weight status and related health outcomes. Reducing ready access
to SSBs, changing the message environment to which children are exposed,
and replacing SSBs with healthier beverages have had moderate success in
decreasing SSB consumption and curbing unhealthy weight gain.
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INTRODUCTION

The current worldwide epidemic of childhood obesity is well documented; childhood obesity in
the United States has tripled from the 1970s to 2000, and significant increases have occurred
even in developing areas of the world (62, 111). In the United States, current rates of childhood
overweight and obesity are 15% and 17%, respectively (110), whereas in Europe, rates vary from
6% to 27% based on the country (150). Equally well documented are the sequelae of childhood
obesity, with increased risks of bone and joint problems, sleep disturbance, and psychological
problems during childhood and higher risks of cancer, type 2 diabetes, and heart disease in later
life (31, 69, 73, 74, 76, 84, 118). Quality of life and well-being may be significantly affected
by obesity in individuals around the world. In addition, each year, the United States spends
between $150 billion and $190 billion in obesity-related costs, or about 20% of all health care
spending (25, 47). As the long-term risks of obesity are discovered, those in the medical and
public health communities are increasingly motivated to reduce obesity rates. However, it has
been difficult to document the exact causes of this epidemic of childhood overweight and obesity.
The search for etiologies has been difficult because the development of childhood obesity is a
multifactorial process, and contributors are related largely to common and difficult-to-measure
lifestyle factors, including a lower amount of physical activity and an excess of calories ingested
(58, 149).

Definitions of Sugar-Sweetened Beverages

A significant consequence of the rise in sugar availability has been the rise in consumption of bev-
erages sweetened with added sugars, frequently referred to as sugar-sweetened beverages (SSBs)
(120). SSBs encompass a wide variety of drink types, including sodas/soft drinks, juices with added
sugar, Kool-Aid, sport drinks, energy drinks, and sweet tea (44, 90, 107). Trends in increased
intake of SSBs are found in children (16, 146), adolescents (104, 152), and adults (27, 35, 119).
These have a well-known association with dental caries (98), and research has been increasingly
focused on their potential contribution to the obesity epidemic.

Although some studies have reported juice consumption alongside that of SSBs, most studies—
as well as this review—consider SSBs separately from juice. Because juice comes from fruits and
thus has a small amount of vitamins and a minor amount of fiber, parents may view juice as a
more nutritious option (17). Juice bears some similarities to SSBs: First, simple sugar is the only
predominant calorie source in juice (though some orange juice preparations have a small amount
of protein as well); second, juice consumption, like SSB consumption, has been linked to a decrease
in milk consumption (107, 125); and third, juice, like SSBs, has been linked to unhealthy weight
gain in some (125, 146) but not all (2, 45, 126, 146) studies. Additional findings have linked juice
consumption to shorter stature or poorer linear growth compared to nondrinkers (125, 146), which
has not been seen in studies regarding SSBs. Some studies have suggested that juice is a gateway
to SSB consumption (129), warranting at least a mention here. In this review, studies considering
juice and SSBs together will be specifically noted.

Even without considering 100% juice along with SSBs, the variety of drinks considered as SSBs
have varying amounts of added sugar per 12-ounce serving. These range from drinks containing
10 g of sugar, such as light sport drinks, to those containing 51 g, as in orange sodas. The rela-
tionship between SSB consumption and health can be a difficult effect to study because the calorie
content of each serving size varies on the basis of the amount of sugar. This review considers
studies evaluating the health sequelae of SSB consumption in childhood.
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Table 1 Trends in sugar-sweetened beverages and milk consumption among US children and adolescents over timea

aData are for children/adolescents ages 2–18 years from each of the Nationwide Food Consumption Surveys [1965–2005] and for children/adolescents
ages 2–19 years from the National Health and Nutrition Survey [2010]. All numbers have been weighted to be nationally representative.

Trends in SSB Consumption

In 1977–1978, children in the United States consumed on average 88 kcal per day in SSBs; by
1999–2000, this number had grown to 166 kcal per day (107), as shown in a composite sum-
mary of multiple sources in Table 1 (21, 75, 100, 107). This amount has moderated more re-
cently; consumption in recent years has averaged ∼150 kcal daily (52, 75, 100). However, this
quantity remains much larger than historical levels (91). In the mid-1990s, children’s intake of
sugared beverages passed that of milk (21). At the current rates of consumption, each child in
the United States ingests on average a total of 55,000 kcal per year in SSBs. If this amount
is above the usual caloric need and not offset by decreased intake or increased metabolism,
the result is an unhealthy amount of stored fat tissue. This observation supports the plausi-
bility that SSB consumption may contribute to adverse childhood health on an epidemiologic
basis.

SSB consumption differs significantly by age range. Multiple investigators have documented
consumption beginning at young ages, including reports by Park that 25% of children studied
consumed SSBs during infancy in a cohort of 1,189 US children (112), and these children had a
higher likelihood of consuming SSBs at 6 years of age (115). In an analysis of NHANES data from
2007 to 2010, 62% of preschool children ages 2–5 years consumed SSBs daily compared with 73%
of children ages 6–11 years and 76% of adolescents ages 12–19 years (15). A gradual rise in SSB
calories consumed by age was also noted among SSB drinkers: Children ages 2–5 years consumed
127–139 kcal per day, children ages 6–11 years consumed 176–220 kcal per day, and those ages
12–19 consumed 290–298 kcal per day (15). These data showing higher consumption at later age
ranges may have bearing on the timing of any intervention to discourage consumption early and
prevent initiation of consumption.

SSB consumption also varies by racial/ethnic group. At the younger age range of 2–5 years,
African American children consume the highest amount of SSBs, followed by Hispanic and white
and Asian children (15, 32), whereas among adolescents 12–19 years old, white children consume
the largest number of calories, followed by Hispanics and African Americans and Asians. There are
also differences in SSB consumption by socioeconomic status (SES). For example, in a cohort of
children followed from ages 2 to 5 years, 16–23% of children in the lowest SES quintile consumed
SSBs daily compared with 4% in the highest SES quintile (32).
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HEALTH EFFECTS

SSBs and Unhealthy Body Weight Status

Most of the investigation into SSB consumption has focused on the relationship with unhealthy
weight status, including a higher body mass index (BMI) and a higher amount of adipose tissue
compared to nondrinkers. Our understanding of these connections has been informed through
the use of multiple approaches that we now consider here in the order of increasing strength of
the study designs involved.

Cross-sectional studies. Cross-sectional studies examining the relationship between SSB con-
sumption and weight status cannot determine causality but may provide useful information on
relationships. Results from efforts to determine cross-sectional relationships have been mixed,
although direct associations have been noted in multiple age groups (96).

Ariza et al. (5) found both that Hispanic American children ages 5–6 years who drank SSBs
had an odds ratio (OR) of obesity of 3.7 and that overweight children in the cohort were more
likely to be SSB drinkers. In an analysis of 8,500 US preschool children, using linear regression
we found significant relationships between the number of servings of SSBs and the BMI z-score
of the children at both 4 and 5 years of age (32), as well as higher odds of overweight (at age
4) and obesity (at age 5) even after adjustment for confounding variables, including sex, SES,
and race/ethnicity. In a wider age group, Grimes et al. (60) found in a large cohort of Australian
children ages 2–16 years that those drinking SSBs were more likely to be overweight. Nicklas
et al. (106) evaluated children from the Bogalusa Heart Study at age 10 years and found an OR
for overweight of 1.33 for SSB drinkers versus nondrinkers. Berkey et al. (12) found in 9-year-old
and 14-year-old girls (but not boys) a linear relationship between the amount of SSBs consumed
and BMI.

Nevertheless, not all cross-sectional studies have demonstrated these relationships. Among
younger children, O’Connor et al. (109) evaluated data from 1,160 children ages 2–5 years in the
1999–2003 NHANES and found that even though children drinking >12 ounces daily of SSB had
higher total daily caloric intake, their BMIs were similar as seen in nondrinkers. Keller et al. (71)
noted that among a small cohort of children ages 3–7 years, those drinking SSB were not more
likely to have a higher BMI. Forshee et al. (54) did not find any difference in BMI according to SSB
intake in a large cohort of children ages 6–19 years. Although it is not mentioned in these reports,
the potential for errors in reported caloric intake is a possible explanation for these findings.

The potential for SSBs to affect weight depends on whether consumption of calories from SSBs
is above an individual’s usual caloric intake (and is not offset by a compensatory decrease in intake
of calories from other sources or by an increase in energy expenditure). Increased consumption
beyond energy expenditure would be expected to result in weight gain. O’Connor et al. (109)
determined that children who drank >12 ounces daily of SSBs had a higher total daily caloric
intake than did nondrinkers; however, total energy expenditure was not assessed. Other studies
found that children who drank SSBs were less likely to drink milk than were those who did not
drink SSBs, which suggests a compensatory decrease in another calorie source, as well (32, 71, 89).
However, changes in consumption of healthier sources of calories also highlight the potential for
other mechanisms of untoward health effects of SSBs, such as the potential for a lower intake of
protein and calcium among SSB drinkers if milk intake were to decrease.

Longitudinal studies. Longitudinal study designs have the advantage over cross-sectional studies
in that they can potentially identify associations between SSB consumption and changes in weight
status over time, although as with cross-sectional studies, confounding effects of unmeasured or
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unaccounted for variables that affect both SSB consumption and unhealthy weight gain cannot be
ruled out. As with cross-sectional studies, longitudinal studies have had mixed results regarding
change in weight over time in association with SSB intake.

Dubois (38) found in an analysis adjusted for SES factors that children who drank SSB between
the ages of 2.5–4.5 years (compared with nondrinkers of SSBs) had an OR of 2.4 for being over-
weight at age 4.5 years. We found that in analyzing data from children followed between ages 2
and 5 years that those consuming ≥1 SSB serving daily (compared with those drinking less) had a
greater change in BMI z-score and were more likely over the next 2 years to become overweight
and obese (32). Pan et al. (112) determined that SSB consumption during infancy (compared with
no consumption) carried an OR of 1.71 for obesity at age 6 years. These infants consuming SSBs
had an OR of 2.2 for also consuming SSBs at age 6 years, providing a potential link to increased
long-term consumption contributing to greater weight gain (6). Berkey et al. (12) found that
children who were 9- and 14 years old who increased their SSB consumption (versus those who
did not) demonstrated higher gains in BMI. Finally, a meta-analysis of longitudinal studies by
Te Morenga et al. (135) evaluated 22 studies that analyzed risk of overweight between children
consuming ≥1 serving of SSBs daily (or juice, in the case of 3 studies) versus none. They found an
OR of 1.55 (confidence interval 1.32, 1.82) for higher gains in BMI among SSB drinkers over time.

Again, not all longitudinal studies have demonstrated significant associations between SSB
consumption and higher weight gain. Laurson et al. (85) followed a cohort of 10-year-old children
for 18 months and found no association between SSB consumption and weight gain. Forshee et al.
(53) performed a meta-analysis of 12 longitudinal studies among children ages 2–19 years old and
reported no significant association between SSB consumption and weight gain. Malik et al. (97)
recalculated Forshee’s meta-analysis using scaling techniques for studies that had reported BMI
differences associated with 1-ounce increments in SSB intake and reported that the same studies
demonstrated a positive association.

Intervention studies. To provide better evidence of a direct causal link between SSBs and un-
healthy weight gain in childhood, intervention studies have focused on evaluating weight-related
differences between children and adolescents randomized to consume either SSBs or noncaloric
alternatives. In each case presented here, the researchers chose to recruit children who consume
SSBs regularly because of the ethical problem with randomizing a non-SSB-consuming child to
begin drinking SSBs and potentially incur long-term weight gain. These studies provided the
noncaloric alternatives for free, in either a blinded or unblinded manner. They are important be-
cause they yield direct scientific evidence about the effects of removing SSBs as a means of altering
weight status. However, because the noncaloric drinks were provided for free, it is less clear from
these studies how effective a public health strategy would be to merely recommend changing to
noncaloric beverages without providing a similar financial incentive.

Ebbeling et al. (39) performed both a pilot study and a larger-scale trial of randomizing ado-
lescents either to receive no intervention or to have noncaloric beverages delivered weekly to
their homes, with the instructions to consume these beverages instead of SSBs. In the case of
their pilot study, they found that after 25 weeks of intervention, there was no overall difference in
BMI between those who were randomized to continue drinking SSBs compared with those who
had noncaloric drinks delivered to their homes. However, they did find that among those in the
highest BMI tertile that the replacement of SSBs resulted in a lower BMI after 25 weeks. This
result may have some implications that SSB consumption contributes more strongly to weight
gain in individuals who are more predisposed to higher weight status (39).

The same research group followed this study with a larger-scale trial that randomized 224
adolescents with a mean age of 15 years to a similar intervention over a 12-month period, which was
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followed by 12 months of continued assessment without the provision of noncaloric replacements
(40). They reported that after one year adolescents randomized to receive noncaloric beverages
delivered to their homes (versus continuing with usual SSB consumption) gained significantly less
weight (+1.6 versus +3.5 kg, p = 0.04) and BMI (+0.06 versus +0.63). After two years (the second
year without treatment), these changes did not persist ( p = 0.06). The effect of SSB consumption
on weight gain at one year was more significant among Hispanic adolescents, suggesting cultural
or racial/ethnic differences. The authors did not report whether baseline SSB consumption was
higher in Hispanic adolescents compared with other groups; if this was the case, it may have
affected the amount of weight gain over the course of the study.

The research group of de Ruyter et al. (30) also tested the effects of replacing SSBs with
noncaloric beverages in a randomized fashion but did so with three important differences from
the studies cited above. First, the trial was double-blinded, with similarly appearing and similarly
tasting beverages (although a greater proportion of children in the noncaloric group correctly
guessed their treatment group, presumably based on taste). Second, the intervention was among
younger children ages 4–11. And third, the drinks were delivered through the child’s school,
allowing teachers to observe consumption directly (though additional drinks were provided for
home consumption). Children randomized to have school-based delivery of noncaloric drinks
(versus similar SSB in a blinded fashion) by 18 months gained less: lower BMI z-score (+0.02
versus +0.15%, p = 0.001), as well as a smaller waist circumference (+3.4 cm versus +4.1, p = 0.01)
and lower fat percentages (with 43% less fat as measured by skinfolds). These children were
given drinks to take home on weekends, but their home consumption of SSBs was otherwise
unaltered.

From a research standpoint, these studies demonstrate that removal of calories from SSBs is
effective at the end of such replacement at reducing the change in BMI z-score relative to controls.
However, as discussed further below, intervention on a societal level will require different strategies
to reduce SSB consumption.

Other Health-Related Effects

Although most of the investigation into SSB consumption has focused on its relationship to
unhealthy weight, there have been more limited analyses of other potential relationships. The
earliest recognized adverse health outcome was the association between the growing presence of
SSB and of dental caries (13, 98, 113, 117). These associations have led the American Dental
Association to recommend against SSB consumption. SSB consumption in childhood has also
been linked to earlier timing of puberty (140) and higher blood pressure (105). Higher weight
gain is also linked to earlier puberty in girls (70) and higher blood pressure (8); thus, it is possible,
or likely, that these relationships are mediated, in part, by the effects of SSBs on unhealthy weight
gain. Reported associations of poor sleep with soda consumption may be related to calories, weight
gain, caffeine content, or other lifestyle factors that may be more challenging to measure (55).

One recent study examined SSBs and self-reported hyperactivity/inattention symptoms in
1,649 middle school students (123). For each SSB consumed, the risk of hyperactivity/inattention
symptoms increased by 14%. After controlling for possible confounders, students reporting drink-
ing energy drinks were 66% more likely to also report hyperactivity/inattention. This association
study needs to be repeated with other research methods but certainly raises striking associations
that should be followed closely.

Among adults, SSB consumption has been linked to the risk of metabolic syndrome (95),
diabetes (95), and cardiovascular disease (94), implicating SSBs in other important health effects
that may require a longer exposure to SSBs than seen during childhood.
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STRATEGIES TO REDUCE SSB INTAKE

Successful obesity-reduction programs are multifaceted. There is no single cause for obesity, and
there will be no single cure. Programs that target physical activity, lifestyle, health, and nutrition
for individuals within families and social contexts are likely to have the most success (50, 51). The
global obesity epidemic indicates that many children worldwide consume more calories than they
need (62). Within nutrition, the obesity epidemic cannot be attributed to one single food source.
That said, SSBs as a single food group represent the largest source of sugar in the American diet
(63) and are a target for reduction efforts.

Institute of Medicine Report on Obesity Prevention

In a comprehensive report entitled “Accelerating Progress in Obesity Prevention: Solving the
Weight of the Nation,” the Institute of Medicine made recommendations and provided strategies
and action steps to accelerate progress in preventing obesity (68). The report identifies five goals:

1. Make physical activity an integral and routine part of life;
2. Create food and beverage environments that ensure that healthy food and beverage options

are the routine, easy choice;
3. Transform messages about physical activity and nutrition;
4. Expand the role of health care providers, insurers, and employers in obesity prevention; and
5. Make schools a national focal point for obesity prevention.

Within these goals are recommendations and strategies to promote action. Under goal 2,
the authors recommend adopting policies to reduce overconsumption of SSBs, increasing the
availability of lower-calorie beverages in restaurants, and using strong nutritional standards for
beverages sold or provided through the governmental subsidies such as school lunch programs or
supplemental nutrition programs. Studies that relate to these strategies are discussed below. Goal
3 discusses social marketing, marketing standards, and education as means for promoting healthy
weight. The report discusses ways that industry, educators, and governments can act to create
information environments that surround people with messages about healthful physical activity,
food, and nutrition behaviors. Examples related to SSBs are provided below, including examples
about health care visits and schools (goals 4 and 5).

Environmental change interventions that may influence SSB consumption have generally tar-
geted SSB availability in schools, stores, and public places, as well as advertising that targets
children (28, 116, 136, 151). However, the greatest consumption of SSBs for children and adults
happens in the home. Targeting home consumption is, therefore, a key strategy as well (24, 30,
40, 143). Researchers and policy makers have examined several approaches to reducing individual
SSB consumption, including helping individuals avoid SSBs, reducing portion sizes, providing ed-
ucation about healthy nutrition, and reaching families through pediatricians with messages for the
home. These approaches are discussed below (see Table 2). Additionally, several larger-context
policy strategies may be helpful in curbing SSB intake.

Behavioral Settings

Ensure ready access to drinking water. Water is essential to life, and while fluid can be obtained
from various sources, water is the simplest calorie-free, healthful drink. Of note, in contrast with
SSBs, which promote the development of dental caries, drinking water that has been fluoridated
has been key for preventing dental caries, which are an extremely prevalent chronic disease in
children in the United States and around the world; sufficient intake of water and fluoride is
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Table 2 Strategies to reduce consumption of sugar-sweetened beverages

Abbreviations: SNAP, Supplemental Nutrition Assistance Program; WIC, Women, Infants and Children.

necessary during childhood (26). Studies show that those who drink more water drink fewer other
beverages (67) and consume fewer calories from beverages (100), potentially saving calories and
money (if public water sources are used). Environmental issues are raised with respect to the use
of disposable plastic bottles (131). Installing water fountains and water bottle refilling stations
in public areas increases water usage (41). Distribution of reusable water bottles can motivate
increased water drinking (42, 116).

In a study in Mexico, replacing SSBs with water (delivered biweekly to the home) reduced
triglycerides and the prevalence of metabolic syndrome after nine months in obese women (65).
In a small study (N = 22) out of rural Michigan, adolescents were screened about their SSB con-
sumption in the past 24 hours using smart phone technology during a clinic visit. They were then
given information via oral advice and a pamphlet about SSBs and encouraged to drink water and
use a water bottle. After 30 days, follow-up showed significantly decreased SSB consumption in
the intervention group (33). During the “Trinkfit” study in Germany, teachers taught students
about water consumption, and water fountains and water bottles were made readily available in
elementary schools. The researchers found that children in the intervention group drank one
more glass of water per day but did not have differences in juice or soda consumption. After one
year, the risk of overweight was lower in the intervention group (101).

Limit Access to Sugar-Sweetened Beverages

Schools that have vending machines provide greater access to SSBs and unhealthy snacks than
schools that do not (81). Schools vary widely in the availability of vending machines with SSBs
(1); a focus on limiting access to SSBs may represent an important opportunity for those schools
that do have vending machines and advertising to make a change (102). A study in Minnesota
found that access to low-nutrient, energy-dense beverages and snacks decreased from 2002 to
2008 (81). One school found that implementing policies based on guidelines in Canada resulted
in the reduction of SSBs and unhealthy foods and wider access to fruits, vegetables, and physical
activity (145). However, another study found that students who had in-school access to vending
machines had fewer servings of soda and fast food during the week from other sources, indicating
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that the school food environment is only one of several to which students are exposed throughout
the week (133). An observational study of children from across the United States found that weight
gain between fifth and eighth grade was not related to exposure to the sale of unhealthy foods in
school at that time, indicating that other factors may be involved (139).

Promote access to and consumption of more healthful alternatives to SSBs. Several re-
searchers and public health advocates have promoted the replacement of SSBs with more healthful
options. A recent study (151) in New South Wales, Australia, promoted healthier food options
in recreational sporting clubs by having clubs in the study assigned to the intervention arm offer
at least 6 fruits and vegetables for sale and to ensure that at least 75% of nonalcoholic drinks
in the canteen refrigerator were non-SSBs and were positioned in the upper half of the fridge.
The canteens offered meal deals where a fruit or vegetable and water were included as a package
with the main course at a reduced price, and pricing strategies ensured that fruits, vegetables,
and non-sugar-sweetened drinks were priced competitively compared with less healthy products.
Signs and coaches were available to help people make decisions. This community intervention did
result in the purchase of fewer SSBs and greater consumption of healthier options. One study that
followed 9-year-old children for 6 years in Denmark estimated that replacing SSBs with water or
milk was inversely associated with body fatness (155). The Supermarket Healthy Eating for Life
study conducted a randomized trial over three months with four arms: skill building in making
healthy shopping choices and menu choices, including drinking more water and balancing toward
healthier foods and beverages; price reduction in stores for healthier options; both of the above
interventions; and the control group. The authors found that both were helpful in the short term
for increasing the purchase of fruits and vegetables, but neither changed beverage purchasing
patterns, demonstrating the challenges of changing food and drink behavior patterns (7).

Education: Screening and counseling about SSB consumption. Another way researchers and
public health advocates have sought to reach children and families with messages about SSBs
is through pediatricians (14, 36, 147). Because many children regularly visit their primary care
provider throughout childhood, starting shortly after birth, this channel may be a good way to
provide information and education to families about obesity prevention and treatment strategies
(147). Some studies have suggested routine screening for SSB use (as might be done for tobacco
use) during medical visits. Technology could be employed to make screening rapid and simple (103,
124, 127). Other efforts have sought to expand the knowledge and skills of medical care providers
to conduct nutrition screening and counseling regarding SSB consumption. The pediatric visit
presents a unique opportunity to reach youth with messages about health (83, 134). Providing
education and counseling to families may be a helpful way to reduce SSB intake (83, 130, 134),
although a person’s knowledge about a subject does not always predict behavior (114).

In addition to counseling, there has been an increasing effort to provide consumers with more
information about the nutritional composition of what they are consuming. Starting with labeling
ingredients and calories on food packages, all beverages sold in individual containers contain
calorie information, as well as information about fats and sugars in the Nutrition Facts panel
(141). Additionally, beginning with laws in New York City, calorie information in restaurants and
fast-food locations is often displayed up on the menu or next to the foods or beverages available for
purchase (48, 59). This new approach may be helpful in providing more information to consumers
and raising awareness of the high caloric content of many beverages for sale in restaurant chains
(18, 28, 66, 153). The US Food and Drug Administration has released a statement requiring chain
restaurants to provide nutrition labeling by December 2016 (49).
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Government, Policies, and Industry Practices

In addition to reaching children and individual families in behavioral settings, public health work-
ers, policy makers, and researchers have sought the most effective ways to bring about change on a
broader scale using a variety of approaches. Beverage companies are responsible to shareholders to
increase profits and therefore are less likely to do things voluntarily that would limit sales, even if
doing so is healthier for consumers. Voluntary industry action to promote health can have its bene-
fits, but mandatory interventions may be necessary (47). Thus, several public policy measures have
been discussed or implemented in recent years to promote the health of the public on a larger scale.

Message Environment

Strategies such as pricing healthier foods and drinks more competitively and picturing more
healthy foods on the signs in restaurants may also be helpful (9). In the Institute of Medicine
report discussed above, the study committee advocates for a transformation in the environment that
surrounds Americans. They suggest the use of social marketing for physical activity and nutrition
messages to promote awareness of healthy choices. The committee recommends targeted, age-
specific, culturally appropriate messages about behavior change and environments. They also
suggest implementing standards for marketing beverages to children and adolescents; ensuring
consistent nutritional labeling on packages, store shelves, menus, and menu boards; and adopting
consistent nutrition education policies for federal programs.

Limit marketing of SSBs and minimize marketing’s impact on children. Advertising is
increasingly ubiquitous. Children and youth are exposed to advertising from not only television,
but also billboards, magazines, signs in stores and public places such as airports and subway
stations, and now increasingly on technology such as iPad apps, video games, email, and phones.
Advertising has been shown to be effective in influencing children’s preferences (19, 93), and
certainly the money spent by the beverage industry in advertising indicates that it is extremely
effective. One study found that 97.8% and 89.4% of food-product advertisements viewed by
children 2–11 years old and adolescents 12–17 years old, respectively, marketed foods that were
high in fat, sugar, or sodium (121). One study found that the higher the percentage of outdoor
advertisements for beverages in a census tract, the greater the odds of obesity in its residents (88).
According to the Federal Trade Commission in 2009, advertisers spent the most on marketing
SSBs to teenagers (56, 82). Even when fast-food chains advertise healthy foods, the outcome is that
children prefer fast food, not healthy food (20). Public Health advocates have called for advertising
that targets children and youth to follow certain principles (132): The Sydney Principles were
developed by an International Obesity Taskforce (IOTF) Working Group to provide guidance.
The Principles state that actions to reduce marketing to children should: (a) support the rights
of children; (b) afford substantial protection to children; (c) be statutory in nature; (d ) take a
wide definition of commercial promotions; (e) guarantee commercial-free childhood settings;
( f ) include cross-border media; and ( g) be evaluated, monitored, and enforced (132, 148). Public
health researchers and advocates have continued to monitor how well marketing and advertising
follow these principles and have indicated that there is still room for improvement (72, 80, 99).
Of note, after significant advocacy in this arena, advertisements for SSBs have decreased in recent
years, although rates still remain very high for children from low socioeconomic backgrounds and
certain racial/ethnic groups (64, 136).

Conversely, many cities and nations have taken to using advertising to promote health mes-
sages (social marketing) as well as to “counter-market” or demarket unhealthy products. For
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Figure 1
Policy to increase awareness. Example of public health messaging attempts to reduce the consumption of
sugar-sweetened beverages in New York City.

example, New York City launched extensive awareness campaigns in the subways to highlight the
health effects of added sugar from SSBs (see Figure 1; Figure 2 is an example from Australia).
As an example of social marketing, the Let’s Move Campaign from US First Lady Michelle
Obama includes the Drink Up component to promote water as the healthiest beverage alternative
(http://www.letsmove.gov/drink-lots-water).

Taxes. In 1776, in The Wealth of Nations, Adam Smith wrote, “Sugar, rum, and tobacco are
commodities which are nowhere necessaries of life, which are become objects of almost universal
consumption, and which are therefore extremely proper subjects of taxation” (87).

Past experience shows that the consumption of many items varies on the basis of price. Taxes
and higher prices for cigarettes consistently reduce consumption (23, 86, 122). Similarly, when
taxes are placed on alcohol, consumption decreases (142). Economists and others in academia
discuss the validity of government intervention when “market failures” do not promote safe,
healthy production and consumption of foods (21), and they recommend the use of fiscal policies
to promote healthy eating via differential food pricing (138).

Brownell and colleagues (21) provide a helpful discussion of the context in which instituting
beverage taxation policies can be useful. First, many people make decisions about food and
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Figure 2
Global drive. SSB education materials from Australia.

beverage consumption without knowledge of the future implications and outcomes. This behavior
can be further complicated by the food and beverage industry’s extensive marketing, which works
very hard to convince the public of the benefits of their products. Second, Brownell discusses
time-inconsistent preferences. Many people, and especially children and adolescents, make
decisions on the basis of the present without significant regard for future consequences. A third
context that affects beverage consumption and policy acknowledges that the consumer does not
bear the whole cost of the choice. Obesity costs are rising, and recent estimates state that medical
costs are more than $150 billion for obesity-related illness. About half of these costs are covered
by public spending in the form of Medicare and Medicaid (50). The producers of the sugared
beverages, as well as the consumers, do not bear all the medical costs of obesity and the glucose
intolerance and heart disease that may accompany a high-calorie diet.

Although some beverage tax opponents are concerned that taxes on beverages would selectively
disadvantage the poor (regressive taxes), many public health concerns such as poor nutrition,
diabetes, obesity, and related morbidities are also more common among people of lower incomes
(51). For an overview of various types of public health nutrition taxation and the research behind
them, see the appendix to the manuscript by Thow and colleagues (138). A penny-per-ounce
tax on SSBs may reduce consumption by more than 10% (22). It is difficult to produce behavior
change of that magnitude using education alone.

In 2012 and 2013, three US cities attempted taxes on sugary drinks. In all three locations, the
proposals failed during voting (108). A recent analysis of news coverage during that time found
that protax arguments came mostly from city officials and public health advocates (108). A wide
variety of people argued against the tax. The soda industry was found to be absent from news
coverage. The media did not acknowledge when antitax arguments and groups were funded by
the soda industry. Nixon and colleagues (108) note the similarities in the way the tobacco industry
fought regulation. In March 2015, Berkeley, California, passed the first US excise tax of one cent
per ounce of SSB, resulting in increased prices of SSBs compared with those sold in Oakland and
San Francisco, whereas nontaxed beverages had no such price increases (46).

Taxes may also serve to educate the public (137, 138). When a tax on a good comes into public
view for debate, there is an opportunity to provide public health education about why the tax
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is being proposed. Beverage companies argue that education about nutrition, rather than taxes,
should be promoted. Education efforts have not historically been able to compete with commercial
advertising (e.g., the over $2 billion spent in advertising by Coca Cola and PepsiCo in 2008) (29).

Government nutrition assistance programs. Federal nutrition assistance programs that pro-
vide or allow purchases of SSBs have come under scrutiny out of concern that they may inadver-
tently encourage children to consume SSBs. Several studies have found that infants participating
in the Women, Infants, and Children’s nutrition programs were less likely to be breastfed or
consume vegetables than were infants not participating in these programs, but they were more
likely to consume juice and SSBs (34, 78, 144). Families participating in federal nutrition pro-
grams nationwide were more likely to have unhealthy grocery store purchases than were families
who did not participate; the article estimates that the Supplemental Nutrition Assistance Program
(SNAP) paid at least $1.7 billion to $2.1 billion annually for SSBs purchased in grocery stores (3).
Public health policy has been looking into how to change these programs to give more emphasis
to healthier options (4, 79), and this remains a promising area for intervention.

GLOBAL CONSIDERATIONS

Over time, impressive changes have been made in the global food supply, leading to the greatest
availability of edible oils, sweeteners, and meats in history to date (10). The rise of available sugar
has paralleled the increase in BMI in the developing world. There has been an impressive global
increase in the consumption of low-nutrition foods, such as SSBs and packaged, processed snack
foods, in recent decades (11). Historically, when safe drinking water was not readily available,
beverage companies have marketed their products as safe alternatives, and in many places today,
soft drinks remain a safer alternative. In places where medical care and education are difficult to
find, Coca-Cola products can be found. Some advocates of public health are looking at ways to
leverage this far-reaching influence to combine with medical care in remote areas to reach children
in need (43, 61).

Basu (10) finds, in analyzing food supply and economics, that much of the increased availability
of SSBs and processed foods in packages can be attributed to just a few multinational corporations
who have domestic production in many nations. Sales of SSBs have remained very high in North
America and Latin America and are increasing in Eastern Europe and the Middle East. In the
United States, there has been a slight trend toward lower-calorie or no-calorie beverages as a
proportion of total bottled beverages sold, whereas in more emerging markets, energy-dense
beverages are on the increase (77). Although SSB consumption has been static or decreasing in
several high-income countries, per capita consumption in low- and middle-income countries has
been growing: Data from 2012 from Coca-Cola show the world average consumption levels to
be 94 portions per person per year (57, 92). Levels in many low- and middle-income countries
are lower, at 14 portions per person per year in India, 16 in Indonesia, 21 in Pakistan, and 39 in
Kenya and China. In countries with more developed economies, consumption levels are higher:
65 portions per person per year in Egypt, 79 in Russia, 99 in South Korea, 113 in Thailand, and
131 in the Philippines. Coca-Cola’s market for SSBs was highest in Central and South America:
219 portions per person per year in Peru, 263 in Bolivia, 416 in Panama, 486 in Chile, and 745
for the world leader, Mexico (92).

CONCLUSION

A continually growing amount of evidence links SSB consumption during childhood to unhealthy
weight gain, itself linked to multiple health issues in later life. This evidence has driven policy and
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research to seek ways to curtail SSB consumption on a large scale. Successful obesity-reduction
programs will be multifaceted, and no single strategy is likely to significantly reduce childhood
obesity alone. However, given the relationships between sugar-sweetened beverage intake and
excess weight gain, interventions to reduce consumption in early childhood and the school years,
spanning the full range described above, seem reasonable targets to promote health. Recent de-
creases in the amount of SSBs consumed in the United States may speak to some of these emphases;
however, intake remains near historic highs and worldwide SSB intake may be increasing. Con-
tinued efforts at reducing availability and intake of SSBs may be one way to address the current
obesity epidemic. Overall, consumption of water can be strongly recommended as a healthier
option.
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de Cossio T, et al. 2014. Substituting water for sugar-sweetened beverages reduces circulating triglyc-
erides and the prevalence of metabolic syndrome in obese but not in overweight Mexican women in a
randomized controlled trial. J. Nutr. 144:1742–52

66. Huang C, Dumanovsky T, Silver LD, Nonas C, Bassett MT. 2009. Calories from beverages purchased
at 2 major coffee chains in New York City, 2007. Prev. Chronic Dis. 6:A118

67. Illescas-Zarate D, Espinosa-Montero J, Flores M, Barquera S. 2015. Plain water consumption is associ-
ated with lower intake of caloric beverage: cross-sectional study in Mexican adults with low socioeconomic
status. BMC Public Health 15:405

68. IOM (Inst. Med.). 2012. Accelerating Progress in Obesity Prevention: Solving the Weight of the Nation.
Washington, DC: Natl. Acad. Sci.

69. Jia HM, Lubetkin EI. 2010. Obesity-related quality-adjusted life years lost in the US from 1993 to 2008.
Am. J. Prev. Med. 39:220–27

70. Kaplowitz PB. 2008. Link between body fat and the timing of puberty. Pediatrics 121(Suppl. 3):S208–17
71. Keller KL, Kirzner J, Pietrobelli A, St-Onge MP, Faith MS. 2009. Increased sweetened beverage intake

is associated with reduced milk and calcium intake in 3- to 7-year-old children at multi-item laboratory
lunches. J. Am. Diet. Assoc. 109:497–501

72. Kelly B, King L, Baur L, Rayner M, Lobstein T, et al. 2013. Monitoring food and non-alcoholic beverage
promotions to children. Obes. Rev. 14:59–69

73. Kelsey MM, Zaepfel A, Bjornstad P, Nadeau KJ. 2014. Age-related consequences of childhood obesity.
Gerontology 60:222–28

74. Kiess W, Reich A, Muller G, Meyer K, Galler A, et al. 2001. Clinical aspects of obesity in childhood and
adolescence—diagnosis, treatment and prevention. Int. J. Obes. 25:S75–79

75. Kit BK, Fakhouri TH, Park S, Nielsen SJ, Ogden CL. 2013. Trends in sugar-sweetened beverage
consumption among youth and adults in the United States: 1999–2010. Am. J. Clin. Nutr. 98:180–88

76. Kitsantas P, Gaffney KF. 2010. Risk profiles for overweight/obesity among preschoolers. Early Hum.
Dev. 86:563–68

77. Kleiman S, Ng SW, Popkin B. 2012. Drinking to our health: Can beverage companies cut calories while
maintaining profits? Obes. Rev. 13:258–74

78. Kong A, Odoms-Young AM, Schiffer LA, Berbaum ML, Porter SJ, et al. 2013. Racial/ethnic differences
in dietary intake among WIC families prior to food package revisions. J. Nutr. Educ. Behav. 45:39–46

79. Kong A, Odoms-Young AM, Schiffer LA, Kim Y, Berbaum ML, et al. 2014. The 18-month impact of
Special Supplemental Nutrition Program for Women, Infants, and Children food package revisions on
diets of recipient families. Am. J. Prev. Med. 46:543–51

80. Kraak VI, Story M. 2015. An accountability evaluation for the industry’s responsible use of brand mascots
and licensed media characters to market a healthy diet to American children. Obes. Rev. 16:433–53

81. Kubik MY, Davey C, MacLehose RF, Coombes B, Nanney MS. 2015. Snacks, beverages, vending
machines, and school stores: a comparison of alternative and regular schools in Minnesota, 2002 to 2008.
J. Acad. Nutr. Diet. 115:101–5

82. Kumar G, Onufrak S, Zytnick D, Kingsley B, Park S. 2015. Self-reported advertising exposure to sugar-
sweetened beverages among US youth. Public Health Nutr. 18:1173–79

www.annualreviews.org • SSBs and Children’s Health 289

http://www.thedailybeast.com/articles/2012/09/25/coke-applies-supply-chain-expertise-to-deliver-aids-drugs-in-africa.html
http://www.thedailybeast.com/articles/2012/09/25/coke-applies-supply-chain-expertise-to-deliver-aids-drugs-in-africa.html


PU37CH17-DeBoer ARI 3 February 2016 10:31

83. Kumar GS, Park S, Onufrak S. 2014. Association between reported screening and counseling about
energy drinks and energy drink intake among US adolescents. Patient Educ. Couns. 94:250–54

84. Lakshman R, Elks CE, Ong KK. 2012. Childhood obesity. Circulation 126:1770–79
85. Laurson K, Eisenmann JC, Moore S. 2008. Lack of association between television viewing, soft drinks,

physical activity and body mass index in children. Acta Paediatr. 97:795–800
86. Lee JM. 2008. Effect of a large increase in cigarette tax on cigarette consumption: an empirical analysis

of cross-sectional survey data. Public Health 122:1061–67
87. Leonhardt D. 2009. Sodas a tempting tax target. New York Times, May 19. http://www.nytimes.com/

2009/05/20/business/economy/20leonhardt.html?_r=0
88. Lesser LI, Zimmerman FJ, Cohen DA. 2013. Outdoor advertising, obesity, and soda consumption: a

cross-sectional study. BMC Public Health 13:20
89. Libuda L, Alexy U, Buyken AE, Sichert-Hellert W, Stehle P, Kersting M. 2009. Consumption of sugar-

sweetened beverages and its association with nutrient intakes and diet quality in German children and
adolescents. Br. J. Nutr. 101:1549–57

90. Libuda L, Kersting M. 2009. Soft drinks and body weight development in childhood: Is there a relation-
ship? Curr. Opin. Clin. Nutr. Metab. Care 12:596–600

91. Lieb DC, Snow RE, DeBoer MD. 2009. Socioeconomic factors in the development of childhood obesity
and diabetes. Clin. Sports Med. 28:349–78

92. Lobstein T. 2014. Reducing consumption of sugar-sweetened beverages to reduce the risk of childhood overweight
and obesity. eLENA, Sept., World Health Organ., Geneva

93. Lobstein T, Dibb S. 2005. Evidence of a possible link between obesogenic food advertising and child
overweight. Obes. Rev. 6:203–8

94. Malik VS, Popkin BM, Bray GA, Després JP, Hu FB. 2010. Sugar-sweetened beverages, obesity, type 2
diabetes mellitus, and cardiovascular disease risk. Circulation 121:1356–64

95. Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. 2010. Sugar-sweetened beverages
and risk of metabolic syndrome and type 2 diabetes: a meta-analysis. Diabetes Care 33:2477–83

96. Malik VS, Schulze MB, Hu FB. 2006. Intake of sugar-sweetened beverages and weight gain: a systematic
review. Am. J. Clin. Nutr. 84:274–88

97. Malik VS, Willett WC, Hu FB. 2009. Sugar-sweetened beverages and BMI in children and adolescents:
reanalyses of a meta-analysis. Am. J. Clin. Nutr. 89:438–39

98. Marshall TA, Levy SM, Broffitt B, Warren JJ, Eichenberger-Gilmore JM, et al. 2003. Dental caries and
beverage consumption in young children. Pediatrics 112:e184–91

99. Mehta KP, Coveney J, Ward P, Handsley E. 2014. Parents’ and children’s perceptions of the ethics of
marketing energy-dense nutrient-poor foods on the Internet: implications for policy to restrict children’s
exposure. Public Health Ethics 7:21–34

100. Mesirow MS, Welsh JA. 2015. Changing beverage consumption patterns have resulted in fewer liquid
calories in the diets of US children: National Health and Nutrition Examination Survey 2001–2010.
J. Acad. Nutr. Diet. 115:559–66.e4

101. Muckelbauer R, Libuda L, Clausen K, Kersting M. 2011. Approaches for the prevention of over-
weight through modified beverage consumption in the elementary school setting. The “trinkfit” study.
Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz 54:339–48

102. Murray R, Bhatia JJS, Okamoto J, Allison M, De Pinto C, et al. 2015. Snacks, sweetened beverages,
added sugars, and schools. Pediatrics 135:575–83

103. Nayak MB, Korcha RA, Kaskustas LA, Avalos LA. 2014. Feasibility and acceptability of a novel, com-
puterized screening and brief intervention (SBI) for alcohol and sweetened beverage use in pregnancy.
BMC Pregnancy Childbirth 14:379

104. Nelson MC, Neumark-Sztainer D, Hannan PJ, Story M. 2009. Five-year longitudinal and secular shifts
in adolescent beverage intake: findings from Project EAT (Eating Among Teens)-II. J. Am. Diet. Assoc.
109:308–12

105. Nguyen S, Choi HK, Lustig RH, Hsu CY. 2009. Sugar-sweetened beverages, serum uric acid, and blood
pressure in adolescents. J. Pediatr. 154:807–13

106. Nicklas TA, Yang SJ, Baranowski T, Zakeri I, Berenson G. 2003. Eating patterns and obesity in children.
The Bogalusa Heart Study. Am. J. Prev. Med. 25:9–16

290 Scharf · DeBoer

http://www.nytimes.com/2009/05/20/business/economy/20leonhardt.html?_r=0
http://www.nytimes.com/2009/05/20/business/economy/20leonhardt.html?_r=0


PU37CH17-DeBoer ARI 3 February 2016 10:31

107. Nielsen SJ, Popkin BM. 2004. Changes in beverage intake between 1977 and 2001. Am. J. Prev. Med.
27:205–10

108. Nixon L, Mejia P, Cheyne A, Dorfman L. 2015. Big Soda’s long shadow: news coverage of local proposals
to tax sugar-sweetened beverages in Richmond, El Monte and Telluride. Crit. Public Health 25:333–47

109. O’Connor TM, Yang S-J, Nicklas TA. 2006. Beverage intake among preschool children and its effect
on weight status. Pediatrics 118:E1010–18

110. Ogden CL, Carroll MD, Kit BK, Flegal KM. 2014. Prevalence of childhood and adult obesity in the
United States, 2011–2012. JAMA 311:806–14

111. Ogden CL, Flegal KM, Carroll MD, Johnson CL. 2002. Prevalence and trends in overweight among
US children and adolescents, 1999–2000. JAMA 288:1728–32

112. Pan L, Li R, Park S, Galuska DA, Sherry B, Freedman DS. 2014. A longitudinal analysis of sugar-
sweetened beverage intake in infancy and obesity at 6 years. Pediatrics 134(Suppl. 1):S29–35

113. Park S, Lin M, Onufrak S, Li R. 2015. Association of sugar-sweetened beverage intake during infancy
with dental caries in 6-year-olds. Clin. Nutr. Res. 4:9–17

114. Park S, Onufrak S, Sherry B, Blanck HM. 2014. The relationship between health-related knowledge and
sugar-sweetened beverage intake among US adults. J. Acad. Nutr. Diet. 114:1059–66

115. Park S, Pan L, Sherry B, Li R. 2014. The association of sugar-sweetened beverage intake during infancy
with sugar-sweetened beverage intake at 6 years of age. Pediatrics 134(Suppl. 1):S56–62

116. Patel AI, Bogart LM, Elliott MN, Lamb S, Uyeda KE, et al. 2011. Increasing the availability and
consumption of drinking water in middle schools: a pilot study. Prev. Chronic Dis. 8:A60

117. Pereira SM, Tagliaferro EPdS, Ambrosano GMB, Cortelazzi KL, Meneghim MdC, Pereira AC. 2007.
Dental caries in 12-year-old schoolchildren and its relationship with socioeconomic and behavioural
variables. Oral Health Prev. Dent. 5:299–306

118. Poirier P, Giles TD, Bray GA, Hong YL, Stern JS, et al. 2006. Obesity and cardiovascular disease:
pathophysiology, evaluation, and effect of weight loss—an update of the 1997 American Heart Associ-
ation Scientific Statement on obesity and heart disease from the Obesity Committee of the Council on
Nutrition, Physical Activity, and Metabolism. Circulation 113:898–918

119. Popkin BM. 2010. Patterns of beverage use across the lifecycle. Physiol. Behav. 100:4–9
120. Popkin BM, Nielsen SJ. 2003. The sweetening of the world’s diet. Obes. Res. 11:1325–32
121. Powell LM, Szczypka G, Chaloupka FJ, Braunschweig CL. 2007. Nutritional content of television food

advertisements seen by children and adolescents in the United States. Pediatrics 120:576–83
122. Ross H, Blecher E, Yan L, Hyland A. 2011. Do cigarette prices motivate smokers to quit? New evidence

from the ITC survey. Addiction 106:609–19
123. Schwartz DL, Gilstad-Hayden K, Carroll-Scott A, Grilo SA, McCaslin C, et al. 2015. Energy drinks

and youth self-reported hyperactivity/inattention symptoms. Acad. Pediatr. 15:297–304
124. Shapiro JR, Bauer S, Hamer RM, Kordy H, Ward D, Bulik CM. 2008. Use of text messaging for

monitoring sugar-sweetened beverages, physical activity, and screen time in children: a pilot study.
J. Nutr. Educ. Behav. 40:385–91

125. Shefferly A, Scharf RJ, DeBoer MD. 2015. Longitudinal evaluation of 100% fruit juice consumption on
BMI status in 2–5 year-old children. Pediatr. Obes. doi: 10.1111/ijpo.12048. In press

126. Skinner JD, Carruth BR, Moran J, Houck K, Coletta F. 1999. Fruit juice intake is not related to children’s
growth. Pediatrics 103:58–64

127. Smith JJ, Morgan PJ, Plotnikoff RC, Dally KA, Salmon J, et al. 2014. Smart-phone obesity prevention
trial for adolescent boys in low-income communities: The ATLAS RCT. Pediatrics 134:E723–31

128. Smith LH, Holloman C. 2014. Piloting “sodabriety”: a school-based intervention to impact sugar-
sweetened beverage consumption in rural Appalachian high schools. J. Sch. Health 84:177–84

129. Sonneville KR, Long MW, Rifas-Shiman SL, Kleinman K, Gillman MW, Taveras EM. 2015. Juice and
water intake in infancy and later beverage intake and adiposity: Could juice be a gateway drink? Obesity
23:170–76

130. Stettler N, Wrotniak BH, Hill DL, Kumanyika SK, Xanthopoulos MS, et al. 2015. Prevention of excess
weight gain in paediatric primary care: beverages only or multiple lifestyle factors. The Smart Step Study,
a cluster-randomized clinical trial. Pediatr. Obes. 10:267–74

www.annualreviews.org • SSBs and Children’s Health 291



PU37CH17-DeBoer ARI 3 February 2016 10:31

131. Subramanian PM. 2000. Plastics recycling and waste management in the US. Resour. Conserv. Recycl.
28:253–63

132. Swinburn B, Sacks G, Lobstein T, Rigby N, Baur LA, et al. 2008. The ‘Sydney Principles’ for reducing
the commercial promotion of foods and beverages to children. Public Health Nutr. 11:881–86

133. Taber DR, Chriqui JF, Vuillaume R, Chaloupka FJ. 2014. How state taxes and policies targeting soda
consumption modify the association between school vending machines and student dietary behaviors: a
cross-sectional analysis. PLOS ONE 9:e98249

134. Taveras EM, Sobol AM, Hannon C, Finkelstein D, Wiecha J, Gortmaker SL. 2007. Youths’ perceptions
of overweight-related prevention counseling at a primary care visit. Obesity 15:831–36

135. Te Morenga L, Mallard S, Mann J. 2013. Dietary sugars and body weight: systematic review and meta-
analyses of randomised controlled trials and cohort studies. BMJ 346:e7492

136. Terry-McElrath YM, Turner L, Sandoval A, Johnston LD, Chaloupka FJ. 2014. Commercialism in
US elementary and secondary school nutrition environments trends from 2007 to 2012. JAMA Pediatr.
168:234–42

137. Thow AM, Heywood P, Leeder S, Burns L. 2011. The global context for public health nutrition taxation.
Public Health Nutr. 14:176–86

138. Thow AM, Jan S, Leeder S, Swinburn B. 2010. The effect of fiscal policy on diet, obesity and chronic
disease: a systematic review. Bull. World Health Organ. 88:609–14

139. Van Hook J, Altman CE. 2012. Competitive food sales in schools and childhood obesity: a longitudinal
study. Sociol. Educ. 85:23–39

140. Vandeloo MJ, Bruckers LM, Janssens JP. 2007. Effects of lifestyle on the onset of puberty as determinant
for breast cancer. Eur. J. Cancer Prev. 16:17–25

141. Variyam JN. 2008. Do nutrition labels improve dietary outcomes? Health Econ. 17(6):695–708
142. Wagenaar AC, Tobler AL, Komro KA. 2010. Effects of alcohol tax and price policies on morbidity and

mortality: a systematic review. Am. J. Public Health 100:2270–78
143. Wang YC, Bleich SN, Gortmaker SL. 2008. Increasing caloric contribution from sugar-sweetened

beverages and 100% fruit juices among US children and adolescents, 1988–2004. Pediatrics 121:E1604–
14

144. Watowicz RP, Taylor CA. 2014. A comparison of beverage intakes in US children based on WIC
participation and eligibility. J. Nutr. Educ. Behav. 46:S59–64

145. Watts AW, Masse LC, Naylor P-J. 2014. Changes to the school food and physical activity environment
after guideline implementation in British Columbia, Canada. Int. J. Behav. Nutr. Phys. Act. 11

146. Welsh JA, Cogswell ME, Rogers S, Rockett H, Mei ZG, Grummer-Strawn LM. 2005. Overweight
among low-income preschool children associated with the consumption of sweet drinks: Missouri, 1999–
2002. Pediatrics 115:E223–29

147. Wethington HR, Sherry B, Polhamus B. 2011. Physician practices related to use of BMI-for-age and
counseling for childhood obesity prevention: a cross-sectional study. BMC Family Pract. 12:80

148. WHO (World Health Organ.). 2010. Set of Recommendations on the Marketing of Foods and Non-
Alcoholic Beverages to Children. Geneva: WHO. http://apps.who.int/iris/bitstream/10665/44416/1/
9789241500210_eng.pdf

149. Wickham EP, DeBoer MD. 2015. Evaluation and treatment of severe obesity in childhood. Clin. Pediatr.
54:929–40

150. Wijnhoven TM, van Raaij JM, Spinelli A, Rito AI, Hovengen R, et al. 2013. WHO European Childhood
Obesity Surveillance Initiative 2008: weight, height and body mass index in 6–9-year-old children. Pediatr.
Obes. 8:79–97

151. Wolfenden L, Kingsland M, Rowland BC, Dodds P, Gillham K, et al. 2015. Improving availability,
promotion and purchase of fruit and vegetable and non sugar-sweetened drink products at community
sporting clubs: a randomised trial. Int. J. Behav. Nutr. Phys. Act. 12:35

152. Yang CC, Chiou WB. 2010. Substitution of healthy for unhealthy beverages among college students. A
health-concerns and behavioral-economics perspective. Appetite 54:512–16

153. Yepes MF. 2015. Mobile tablet menus: attractiveness and impact of nutrition labeling formats on mil-
lennials’ food choices. Cornell Hosp. Q. 56:58–67

292 Scharf · DeBoer

http://apps.who.int/iris/bitstream/10665/44416/1/9789241500210_eng.pdf
http://apps.who.int/iris/bitstream/10665/44416/1/9789241500210_eng.pdf


PU37CH17-DeBoer ARI 3 February 2016 10:31

154. Zheng M, Allman-Farinelli M, Heitmann BL, Rangan A. 2015. Substitution of sugar-sweetened bev-
erages with other beverage alternatives: a review of long-term health outcomes. J. Acad. Nutr. Diet.
115:767–79

155. Zheng MB, Rangan A, Olsen NJ, Andersen LB, Wedderkopp N, et al. 2015. Substituting sugar-
sweetened beverages with water or milk is inversely associated with body fatness development from
childhood to adolescence. Nutrition 31:38–44

www.annualreviews.org • SSBs and Children’s Health 293




