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1 | INTRODUCTION

Excessive consumption of sugar-sweetened beverages (SSBs) is
associated with an increased risk of weight gain, obesity, type 2 dia-
betes, cardiovascular disease, and tooth decay.l’5 Consumption of
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Summary

Objective: To examine whether the promotion of water intake could reduce sugar-
sweetened beverage (SSB) consumption or purchases independent of interventions
that target SSBs.

Methods: Seven databases were systematically searched. Included studies used
water promotion as the primary intervention; used a controlled trial, single group
pre-post, or prospective cohort study design; included a measure of SSB
consumption or purchase; enrolled human participants of any age who lived in high-
income or middle-income countries; contained original data; and appeared in a peer-
reviewed English-language article published from 1 January 2000 to January 4, 2019.
The search yielded 7068 publications, from which 108 were chosen for full-text
review. Seventeen were included in this review.

Results: Nine of the 17 studies were randomized controlled trials, six were non-
randomized controlled trials, and 2 were single-group pre-post studies. Participants
were primarily children and adolescents. Interventions included water provision,
education or promotion activities. Ten of 17 studies were at low or some/moderate
risk of bias. Seven studies showed a statistically significant decrease in SSB
consumption of which only 2 were at low or some/moderate risk of bias.
Conclusions: This review found limited evidence that interventions aimed solely at
increasing water consumption reduce SSB intake. Further research is needed to
investigate whether interventions that combine water promotion and SSB reduction

strategies could be synergistic for reducing SSB intake.
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reduction

SSBs in the United States, while decreasing since its peak in 2000,
remains at historically high and unhealthy levels.> Two-thirds of chil-
dren and half of adults consume at least one SSB daily.7'8 Consump-
tion is higher among low-income groups and minority groups in the
United States.’
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Interventions to address this important public health issue include
implementing SSB taxes; limiting availability in schools, cafeterias, res-
taurants, and public places; adding warning and nutrition labels; con-
ducting mass education campaigns; and providing individual education
and counseling.10 Interest in promoting water consumption as an
additional approach to SSB reduction has recently emerged, anticipat-
ing that increased water intake will lead to lower intake of SSBs
through a substitution effect.!!

Two reviews of clinical trials and observational studies suggested
that substituting water for SSBs is associated with lower energy
intake and weight loss.>*® Zheng et al concluded that substitution of
water or low-calorie beverages for SSBs was associated with less
long-term energy intake and weight gain.12 Daniels et al found that
the most compelling evidence for water substitution was from studies
in which adults consumed either water or SSBs before a meal. Water
consumption was significantly associated with lower total energy
intake.'® These reviews did not compare strategies to increase water
consumption nor the effects of higher water intake on SSB consump-
tion. Two reviews identified interventions that were effective in either
increasing water or decreasing SSB intake. 1*° Interventions directed
at water, such as providing nutritional counseling and education or
improving access to water, had modest effects on increasing water
intake among children age O to 5 years (+ 67 mL/d, and + 0.5-3.5
oz/d). Interventions directed at SSBs, such as behavior change model-
ing, decreased SSB consumption (=76 mL/d in children).*'> These
reviews did not address the question of whether promoting water
consumption, independent of interventions focused on SSBs, reduces
SSB consumption.

This systematic review examined whether promoting water con-
sumption reduces purchase and/or consumption of SSBs. If water
promotion is an effective SSB reduction strategy, it would be a wel-
come addition to the SSB reduction toolkit. If not, then resources

should be directed toward implementing more effective interventions.

2 | METHODS

The review protocol, developed prior to starting this systematic

review, is available on the Healthy Food America website.*

2.1 | Eligibility criteria

Studies were included if they (a) used a randomized controlled trial
(RCT), nonrandomized controlled trial (NRCT), single group pre-post,
or prospective cohort study design; (b) implemented water promotion
as the primary intervention); (c) included a measure of SSB consump-
tion or purchase; (d) took place in high-income or middle-income
countries as defined by Organization for Economic Co-operation and
Development, (e) enrolled human participants of any age; (f) contained
original data (when the same data were found in multiple publications,
the article with the largest sample size was selected); and (g) appeared
in a peer-reviewed English-language journal article published since

January 1, 2000 to January 4, 2019.1” Studies that had at least one
intervention component (eg, education sessions, signage) that discour-
aged participants from drinking SSBs were excluded (in cases where
the extent of SSB intervention was unclear, an attempt was made to
contact authors).

2.2 | Search strategy and databases

A medical librarian searched seven electronic databases in accordance
with the National Academy of Medicine systematic reviews standards:
PubMed, Embase, Psycinfo, CINAHL Complete, Cochrane Central
Register of Controlled Trials, CAB Direct, and Web of Science.*® The
search strategy (Appendix S1) was peer-reviewed by a medical librar-
ian and a subject-matter expert and incorporated controlled vocabu-
lary terms and keywords appropriate to each database to represent
the concepts of drinking water; sweetened beverages; and clinical,
controlled, or longitudinal studies.

2.3 | Study selection

Covidence was used to manage the title, abstract, and full-text screen-
ing of the articles.’? Two investigators (S.D. and J.K.) independently
reviewed titles and abstracts of articles to select those for full-text
review based on described eligibility criteria and then independently
reviewed selected articles to determine which to include in the
review. After each phase, the reviewers resolved conflicts by

consensus.

2.4 | Data extraction

Each of the two reviewers used a customized, pilot-tested Microsoft
Excel spreadsheet to extract half of the studies and subsequently vali-
dated extractions performed by the other reviewer. Conflicts were

resolved through consensus.

2.5 | Primary outcomes and additional information
extracted

The primary outcome was SSB consumption or purchases. The pre-
ferred measures were the difference in differences between interven-
tion and control group mean daily volume of SSBs consumed or
purchased (controlled difference), single group pre-post difference
(uncontrolled difference), or odds ratio. If none of these was reported,
the measure reported by the included study was used.

Additional variables were extracted consistent with systematic
review guideline recommendations including (a) Study: author; pub-
lication year; country; project name; sponsorship; setting; interven-
tion dates; and authors’ statement of objectives, conclusions,
limitations, and suggestions for future research; (b) Population:
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inclusion/exclusion criteria, participant demographic information,
participation rate, completion rate; (c) Interventions: components,
duration (the maximum length of time a participant could be
exposed to the intervention); (d) Comparator: interventions
received by the comparison group; (e) Timing of data collection; (f)
Design: study design, consumption or purchase measures (SSB and
water), follow-up duration; (g) Analysis: analytic model and adjust-
ments for confounding, approach to missing data, statistical
power20-22

Measures of purchases or consumption were converted into
mL/day when possible. When 95% confidence intervals (Cls) were not
presented, they were computed if available data permitted. When
population characteristics were presented for intervention arms but
not the total study population, they were computed using the propor-
tions and numbers in each arm. Nine authors were contacted for fur-
ther information, and responses were received from two Additional
information was obtained as needed from companion publications or
online study descriptions.

2.6 | Appraisal of study quality

The Cochrane Collaborative Risk of Bias 2.0 and Risk Of Bias In Non-
randomized Studies-l tools were used to assess risk of bias (low,
some/moderate, high/serious, or critical) for randomized and non-
randomized studies, respectively.?>?* Studies that lacked a compari-
son group were assigned a high/serious risk of bias rating. The two
reviewers independently assessed the risk of bias of each study and
resolved differences through consensus.

2.7 | Synthesizing the results

Studies were divided into those that did and did not significantly (P <
.05, adjusted for multiple comparisons) affect SSB consumption. Study
characteristics were qualitatively assessed to determine whether they
were more or less common among statistically significant studies rela-
tive to insignificant ones (eg, whether a specific intervention setting
was more common among significant studies). In addition, this review
summarizes the characteristics of higher quality studies, defined as
those with low or some/moderate risk of bias.

3 | RESULTS

The initial literature search retrieved 7068 publications. After removal
of duplicate publications, 3652 remained for title and abstract screen-
ing (Figure 1). One hundred and eight were selected for full-text
review, and 17 articles were included in this review.25'41Figure 1
describes reasons for exclusion. Of note, 22 studies were excluded
because they included a SSB reduction intervention.

Study design, participant characteristics, intervention types, set-
tings, definition of SSB, and outcome measures (most often volume
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consumed per day or week, but also calories per day, drinking more
than a few sips, number of glasses, participants observed consuming,
and volume sold per day or week) varied substantially across studies.
Due to this heterogeneity, studies were synthesized qualitatively
rather than with a meta-analysis.

Table 1 describes the included studies. Nine of the studies were
RCTs.2°3% Of these, four were cluster RCTs.283% Six were
NRCTs.2>37 Of these, two used a cluster design3>3¢ Two were
single-group pre-post studies.*®*! Eight studies were conducted in
Europe, six in the United States, two in Australia, and one in the
Caribbean. Intervention settings included schools (9), homes (3),
supermarkets (2), other child-focused settings such as preschools (2),
and community-wide (2). Intervention duration varied from 3 weeks
to 3.5 years, with a median of 3 months. Studies were published
between 2005 and 2018, of which 11 appeared within the past
5 years. Five studies noted industry funding.2”-35-37:40

Participants were primarily children ages 2 to 18 years (14 studies)
while three studies enrolled adults.?>2” Nine studies reported at least
one marker of socioeconomic status (SES) and people of low SES com-
prised at least one-third of participants in five of these nine studies.
Nine studies described the race or nativity of participants and eight of
these had 40% or more nonmajority participants.

The most common interventions were water provision, education,
and promotion activities (Table 1), and most studies used two or more
types of interventions (11 out of 17). 2936383941 Thjrteen studies
provided water through installation of water dispensers or delivery of
bottled water, and some also included ancillary items (eg, cups or
water bottles).?”?°*° Thirteen studies offered educational and pro-
motional activities at individual, institutional, or community levels
such as electronic or printed materials and newsletters, online forums
and education sessions, dietitian coaching, prizes and incentives, class-
room activities, or posters.25‘27‘29'38'41 Eleven studies included both
provision and education or promotion.?”2%-38 Two supermarket-based
studies discounted the price of bottled water (by 20%-50%), one
study used peer influence, and two studies were multilevel, mul-
ticomponent community obesity prevention initiatives.

Among all 17 studies, seven showed a statistically significant
decrease in SSB consumption/purchase (Table 1)27-27-31:364041 Three
of these studies described a statistically significant SSB decrease rela-
tive to a comparison group.28'29'31 The other four studies reported
only within-group significant changes.?”*¢%*! The magnitude of SSB
reduction in the seven statistically significant studies included 47.7
mL/day to 190 mL/day, 2.59 g/kg/day, 0.12 “glass” per day, or a 2.5%
to 3.3% reduction in proportion of children observed with SSBs in
school or camp.

Out of 17 studies, two had low risk of bias. 23?7 Another eight
were at some/moderate risk.2#2528-31:33.36 A fing)| group of seven had
high/serious risk of bias (Table 2). 263234333739 Of the 10 studies
with low or moderate/some risk of bias, two showed both statistically
significant decreases in SSB consumption/purchases and increases in
water.?”2? One reported a decline only in SSBs.3! Three others
showed an increase only in water303>38 The three studies that
reported a decrease in SSBs were heterogeneous in the interventions
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FIGURE 1 Study selection flow diagram

they employed. One provided free bottled water as a replacement for
SSBs.2® Another used posters and signs to promote water consump-
tion and provided cup dispensers next to school cafeteria water foun-
tains.?” The third launched a school-based water promotion
campaign.2’ While these 10 studies were not at high/serious risk of
bias overall, some forms of bias were present. Sources of bias in the
randomized studies included lack of blinding of the participants and
outcome assessors as well as incomplete outcome data collection
(Figure 2). Sources of bias in the nonrandomized studies included con-
founding, missing data, and deviations from intended intervention
(Figure 3). In addition, they shared other limitations, especially the
measurement of SSB consumption.

On a qualitative basis, certain study characteristics appeared
associated with reduced SSB purchases or intake. Studies that
included water provision, education or promotion, or some
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combination reported decreased SSB intake more often than water
price discounting and community intervention studies, which had no
effects (Table 1). Also, the intervention site appeared to be related to
the impact on SSB intake (Table 1). All three home-based studies
decreased SSB intake,27:36:40

We did not observe a pattern with respect to age (child vs adult),
SES (too few studies reported), race/nativity (too few studies
reported), duration of intervention (0 months-1.9 months vs
2 months-5.9 months vs 6+ months), source of SSB data (question-
naire vs diary; 24-hour recall vs purchases vs direct observation), and
study sponsorship.

Six of the 17 studies increased water intake significantly.
272930353638 Among these, three observed significant decreases in
SSB consumption.?”27:3¢ Two of these studies provided bottled water
at home and reported relatively large increases in daily water
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consumption.27’360ne installed water cup dispensers in schools. 22 All
three of the studies without an effect on SSBs installed water dis-
pensers (coolers, fountains, etc.) and promoted water in schools and
observed only small changes in water consumption3°2>® Among the
10 studies with low or some/moderate risk of bias, five increased
water and two of these reported reductions in SSBs.

4 | DISCUSSION

This systematic review of 17 studies found little evidence that inter-
ventions aimed at increasing water intake consistently reduce the pur-
chase or consumption of SSBs. The most common interventions were
provision of water and water education or promotion activities. Of
the 10 studies with low or moderate/some risk of bias, two showed
both statistically significant decreases in SSB consumption and
increases in water, one reported a decline only in SSBs, and three
noted an increase only in water. Among all of the 17 included studies,
seven reported a statistically significant decrease in SSB consum-
ption/purchases, although only three of them included a comparison
group.

Two previous reviews have summarized the effectiveness of
water promotion and SSB reduction interventions. Neither described
the effects of the water promotion interventions on SSB consump-
tion, independent of co-interventions targeting SSBs. Vargas-Garcia
reported on 40 studies with interventions to increase water and/or
decrease SSB consumption.!* Eleven of these studies measured water
intake, and it was possible to do a meta-analysis of the seven that
included children. In these studies, the interventions increased water
intake. However, because six of these seven studies included a SSB
intervention, this analysis did not address the question of this review.
Cradock recently summarized the evidence from 25 studies aimed at
increasing water consumption among children ages O to 5 years. *> Of
the 19 studies that positively impacted water consumption, three
focused solely on water interventions, too small a number to draw
any conclusions about effects on SSBs. Two of these studies showed
a decrease in SSB consumption.

This review differs from the Cradock and Vargas-Garcia reviews
in several ways. ***° First, this review focused on whether water pro-
motion, absent any SSB co-intervention, can reduce SSB intake. Sec-
ond, it included only studies that reported on both water and SSB
purchases or intake. Third, it included all age ranges while the review
by Cradock focused on children.

If the hypothesis that water promotion decreases SSB intake by
increasing water consumption which then leads to SSB reduction
through a substitution effect is correct, the expectation is that SSB
reduction would be observed primarily in studies that increased water
intake. However, the results of this review did not confirm this expec-
tation. Out of six studies that increased water, only three decreased
SSB consumption. 27.29.36 Op the other hand, three studies were iden-
tified that decreased SSB consumption despite failing to increase
water intake. 283141 These studies did not have SSB reduction com-
ponents, making the mechanism by which they affected SSBs

uncertain. In addition, two of them were at high risk of bias. Franken
et al posited that “children understand the implicitly promoted mes-
sage that SSB consumption is in fact unhealthy.”2® The intervention
described by Beets et al increased fruit and vegetable consumption,
and the authors speculated that the added produce displaced SSBs
from the diet.** In conclusion, SSB consumption did not consistently
decrease when water consumption increased and the association of
changes in water and SSB intake was inconsistent across studies.

Among the studies in this review, home-based interventions that
included home water delivery were more frequent among studies that
reported significant SSB decreases compared with those that did not.
This finding suggests that an individually focused, more intensive, and
costly intervention may be needed for water promotion to affect SSB
intake. Provision of water and water education or promotion activities
appeared to decrease SSB intake, compared with lowering the price
of water or multicomponent community interventions with a water
promotion element.

The included studies had several limitations. They did not
define SSBs uniformly. While all definitions included soda, the
inclusion or exclusion of other beverages (eg, sports drinks, energy
drinks, fruit drinks/cordials, 100% fruit juices, sweetened flavored
water, teas, coffee, dairy, or alcohol) differed or was not specifi-
cally reported.

Outcome measures for both SSBs and water were not consistent
nor optimal. The metric for beverage outcomes was most often vol-
ume consumed per day or week, but studies also used calories per
day, drinking more than a few sips, number of glasses, participants
observed consuming, and volume sold per day or week. Measures in
some studies lacked precision, and data were often obtained through
lower-quality methods such as limited food frequency questionnaires
and observed consumption. Several studies limited assessment of
intake to beverages consumed at the intervention setting and thus did
not assess effects on total daily consumption. These limitations may
have contributed to the inconsistent effects of water intervention on
SSB outcomes that we observed.

Most studies had some/moderate or serious/high risk of bias. Half
of the studies did not employ a randomized study design. The most fre-
quent study limitations that contributed to increased risk of
bias included lack of blinding, inadequate control for confounding, miss-
ing data, and deviations from intended interventions. Many of the non-
randomized studies did not adjust for potential confounding factors.

Most studies were of short duration, and few included post-
intervention follow-up to assess durability of intervention effect.
In some cases, interventions were incompletely or inconsistently
implemented, and most studies did not report on the extent and fidel-
ity of implementation.

Nearly all studies focused on children in educational settings.
Thus, there is limited information available on the value of water pro-
motion for reducing SSB intake among adults or in other
settings. There were insufficient data to make clear conclusions about
comparative effectiveness across different population subgroups.
However, studies took place in many countries and included diverse
participants, suggesting that findings may be generalizable.
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Risk of Bias 2.0 for Randomized studies

Random Sequence generation {selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
ncomplete outcome data

Selective reporting

Other bias

] 1 2 i 4

A

Low risk of bias Unclear risk of bias

M High risk of bias

Risk Of Bias In Nonrandomized Studies - | for Non-randomized

studies
Bias due to confounding
Bias in selection of participants into the study
Bias in clz cation of interventions
Bias due to deviations from intended interventions
Bias due to missing data
Bias in measurement of outcomes
Bias in selection of the reported result
0 1 2 3

Low risk of hias Moderate risk of bias Serious risk of bias

This review is subject to several limitations. Only high-income
or middle-income countries were included, as they have higher
levels of SSB consumption relative to low-income countries. Grey
literature was not searched given the focus on peer-reviewed pub-
lications. A positive study was defined as one that found a statisti-
cally significant decrease in SSB consumption or purchases either
in comparison to a control group (difference in differences) or in a
pre-post analysis of a single intervention group. While it would
have been preferable to include only the former, the limited num-
ber of available studies required the use of a more liberal defini-
tion. Additionally, the limitation of using statistical significance as
the criterion for a positive study is well-recognized. Finally, some
of studies may have been underpowered for detecting changes in
water or SSB consumption. Only two studies described a power
calculation for water and one for $SBs.??3 Overall, studies based
power calculations on other outcomes (eg, weight) or did not
report a power calculation. In addition, among studies using a clus-
tered design, few described a power calculation that accounted for
clustering (eg, used intraclass correlation coefficient).

This review has several strengths. It is the first systematic
review to our knowledge that examines whether water promotion,
in and of itself, can reduce SSB intake and what intervention char-
acteristics are associated with lower SSB intake. Review guidelines
from the Cochrane Collaborative and the National Academies of
Medicine were followed.?1?? Studies were identified using a strat-
egy designed by a medical librarian which was peer-reviewed and
employed inclusive search criteria. Two reviewers independently

4

W Critical risk of bias

FIGURE 2 Risk of bias 2.0 for randomized
studies
7 & 9 10
|
5 6 7 FIGURE 3 Risk of bias in

nonrandomized studies-| for
nonrandomized studies

reviewed studies for selection, extracted data, and rated risk of
bias using standard Cochrane tools.

Further research is needed to evaluate the hypothesis that
water promotion can decrease SSB consumption, whether indepen-
dently or synergistically with strategies that directly target SSBs. A
randomized controlled trial that uses a factorial design to examine
the independent and combined effects of water promotion and SSB
reduction strategies on both water and SSB consumption and/or
purchases would be a useful addition to the literature. Such a study
should include rigorous dietary assessment methods with standard
consumption measures that allow for the examination of substitu-
tion effects so that impacts on total 24-hour beverage consumption
and possibly overall diet quality can be determined, along with
objective measures such as sales data. Ideally, the intervention dura-
tion would be least 6 months, and the evaluation would assess
postintervention sustainability of any observed effects.

Given the lack of evidence that water promotion alone can
decrease SSB consumption, it is prudent to deploy strategies that
focus directly on SSBs to reduce SSB consumption. There is evi-
dence that interventions that directly target SSBs (education,
decreasing access, and increasing price) reduce SSB consump-
tion.*2*” Water promotion may have other benefits unrelated to
SSB reduction. 1€
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