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Abstract
Background: Childhood obesity is a serious public health challenge in Australia, with approximately one in four (24.9%) children aged 5-17
years being overweight or obese. Sugar sweetened beverages are one contributing factor and detrimental to health. Adolescents are the
highest consumers of these, with nearly 25% of NSW children aged 12-17 years consuming sugar sweetened beverages at least 5 or more
times per week. This study aims to address this by encouraging adolescents to choose water instead of sugar sweetened beverages and
determine the effectiveness of two interventions (one behavioural and one environmental) alone or combined in achieving this outcome.

Methods: An open-label randomised controlled trial utilising a two-by-two factorial design recruited 61 schools from across three Local
Health Districts in NSW, Australia, randomising them to one of four study arms: a behavioural intervention, an environmental intervention,
both or neither. Student surveys, school level surveys and water �ow measurement data was collected. The primary outcome was increased
water consumption, with secondary outcomes including changes in SSB consumption. To quantify the individual and joint effects of the
interventions on the consumption of water and SSBs, random effects multivariable ordinal logistic regression models were derived for each
outcome.

Results: For students receiving at least one intervention there was an increased odds (though not statistically signi�cant) of higher water
consumption compared to those that received no intervention; whilst there was a statistically signi�cant decrease in SSB consumption for
students who received both interventions combined (OR = .67; 95% con�dence interval, 0.55-.082; P<0.01).

Conclusions: Evidence regarding school based obesity prevention continues to emerge, however, to our knowledge this is the �rst Australian
study focussed on examining effective school-based interventions to speci�cally promote the consumption of water and decrease the
consumption of SSBs in adolescents. The combination of a behavioural and an environmental intervention had a greater effect on
decreasing SSB consumption. This is noteworthy given SSBs are a key contributor to overweight and obesity. The delivery of these combined
interventions in schools can add value to existing interventions that address the complex public health issue of overweight and obesity.

Trial Registration: Australian and New Zealand Clinical Trials Register ACTRN12618000526279 10 April 2018
http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12618000526279

Background
Overweight and obesity among children and adolescents is a major public health issue, with approximately one in four Australian children
above a healthy weight.1 Among the many contributing factors to this is the consumption of sugar sweetened beverages (SSBs), including
soft drinks, energy drinks, fruit drinks, sports drinks and cordial. These beverages are energy dense, provide little or no nutritional value and
contribute to excessive sugar intake. A recent review of the impacts of SSBs on children and adolescents showed clear and consistent
evidence that SSBs contribute to weight gain and obesity, strong evidence of a link to dental caries, and a link to the development of insulin
resistance. An association was also demonstrated between caffeinated SSBs, such as energy drinks, and their impact on a range of health
issues including poor quality or reduced sleep, headaches, risk-seeking behaviour and depressive symptoms.2

International data shows that adolescents are generally high consumers of SSBs, resulting in an intake of free sugars higher than that
recommended by the WHO.3 Australian data is consistent with this, with adolescents being the highest consumers of SSBs. The most recent
National Health Survey results showed that 585 of children aged 12–13 years consumed SSBs at least once a week1, and the 2012–13
National Secondary Students’ Diet and Activity survey showed that 14% of students are high soft drink consumers, consuming four or more
cups each week.4 In NSW on most days of the week, nearly 25% of children aged 12–17 years consume the equivalent of at least 1.5 glasses
of soft drink or other SSBs.5 Considering the negative health effects of SSBs and their high consumption amongst adolescents, it is
imperative that effective interventions to address these consumption levels are identi�ed and implemented.

In recent years there has been growing evidence regarding strategies to reduce SSBs consumption and increase water consumption in school
settings. Schools are often identi�ed as key settings for health promotion, given their reach to adolescents and the amount of time young
people spend there.6 Increasing water consumption has been identi�ed as an important factor, with evidence suggesting that the
displacement of SSBs with increased consumption of water can have positive impacts on overweight and obesity.7, 8 In addition to having a
potentially positive impact on weight status, water is free, hydrates the body, contains no kilojoules and has been shown to improve cognition
in students, improving attention and memory and assisting with learning.9 Data shows adolescents’ daily water consumption is, however,
below recommended levels in several countries including Australia.10

Several systematic reviews have examined strategies to promote water and reduce SSB consumption among children and adolescents, with
a range of educational/behavioural, legislative and environmental interventions trialled.

http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12618000526279
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A 2019 review of 15 interventions to increase water consumption showed that overall, 63% of interventions reported a signi�cant increase in
water consumption; with over half of these interventions including educational/behavioural components.10 Whilst evidence suggests that
increasing water consumption can have an impact on SSB displacement, a 2020 review of 17 studies utilising water promotion as the
primary intervention showed that water promotion alone did not reduce SSB consumption. Of six studies that increased water consumption,
only three also reduced SSBs consumption, and conversely, three studies showed decreased SSB consumption, despite no increase in water
consumption. The authors thus identi�ed a need for further investigation into studies that combine both water promotion and SSB reduction
strategies.11

Rhaman et al (2017) reported on 12 school based interventions, which included educational components, lesson delivery, and alternate water
sources. They concluded that when compared to no intervention, these interventions had an impact on reducing SSB intake which
approached statistical signi�cance (p = 0.06).12 Similarly, Vezina-Im (2017) demonstrated a positive effect on decreasing SSB consumption
in over 70% of school-based interventions, regardless of whether the intervention focussed in the individual, the school environment or
both.13 Vargas-Garcia et al (2017) also found SSB intake in adolescents was signi�cantly reduced with school-based interventions, but the
effect size was small.14

Of note, each of these systematic reviews called for further studies that utilise stronger study designs including randomised controlled trials,
validated self-report data and objective measures, longer term follow-up and the capacity to determine the individual or combined effects of
interventions.10–12 Furthermore, of the studies included in these systematic reviews only three were Australian studies, of which two were
conducted in secondary schools. Both these studies addressed broader healthy eating/physical activity interventions, which demonstrated a
positive effect on SSB consumption. This shows limited evidence exists in the Australian context of how to increase water and decrease SSB
consumption in adolescents.

The Thirsty? Choose Water! Study addresses this gap by utilising a strong study design and testing both a behavioural and an environmental
intervention either alone or combined. The behavioural intervention aligns with the health promoting schools framework,15 with evidence
showing that school-based interventions delivered utilising this framework show positive effects.6 The environmental intervention addresses
the issue of access to clean, fresh, chilled water. Numerous studies have identi�ed that suitable water availability in schools is often limited
or underutilised,16 and that students perceive tap water/bubblers to be unsafe, unhygienic and unpalatable.9, 17, 18 The study overall aimed to
determine the effectiveness of the two interventions, either alone or combined, on the primary outcome of increasing water consumption in
year 7 secondary students, and the secondary outcomes of effecting changes in students’ knowledge, attitudes and behaviour regarding
SSBs. This paper reports on the effects of the interventions on water and SSB consumption.

Methods
Study design and participants

The Thirsty? Choose Water! Study was a secondary school-based intervention conducted as a randomised controlled trial with a two-by-two
factorial design. Two interventions (one behavioural and one environmental) alone and in combination were tested to determine their impact
on the primary outcome of increasing water consumption in year 7 students and the secondary outcomes of changing knowledge, attitudes
and consumption of SSBs; and changes in the school environment to promote water. A factorial design allowed the effects of both
interventions within the same study to be tested and to explore interactions between the interventions, and increase statistical power. Full
details of the study design, sample size, power calculations, setting, sample, eligibility, recruitment and study participation and interventions
design are detailed in the study protocol paper.19 Ethics approval was obtained through the Hunter New England Human Research Ethics
Committee (17/08/16/4.07), the NSW Department of Education (SERAP2017457) and Broken Bay, Sydney and Wollongong Catholic Diocese
and study procedures were approved. 

Sixty-one secondary schools (Government, Independent and Catholic) within the boundaries of three NSW Local Health Districts (LHDs) were
recruited to the study in late 2017/early 2018, through the study project o�cers. Randomisation occurred at the school level, whereby the
study statistician utilised a computerised random number generator to allocate schools to one of the four study arms. Following allocation to
study group, all schools participated in baseline data collection in early 2018. Students and schools were not blinded to the group they were
allocated, given the type of interventions trialled. The power and sample size calculation identi�ed that 6370 year 7 students would need to
be recruited to the study, to detect a change of 5% or more in the primary outcome measure, being increased water consumption. At the
commencement of the study 72% (n= 6531) of eligible students (n=8992) completed baseline data collection, reducing to 62% post-
intervention and 58% at follow-up.

Intervention
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The two intervention components implemented are described below.

The Behavioural intervention - The TCW-BI aligned with the Health Promoting Schools Framework (HPSF)15 and consisted of three
components including teaching, promotional and vaccination interventions. The teaching intervention aligned with the NSW Stage 4 PDHPE
curriculum and included two ‘Thirsty? Choose Water!’ lessons delivered within PDHPE to educate students on the key messages regarding
water and SSBs. This was reinforced through the promotional intervention utilising school newsletters, social media, posters and other
promotional materials which displayed the ‘choose water’ message, including ‘toilet talkers’ (info-graphics on toilet doors), hi-vis vests worn
by teachers and posters/�ip charts at the canteen. The vaccination intervention was delivered during the school-based vaccination program,
where the messages were delivered during the clinic through pull-up banners in the clinic area, a distractor card used by the nurse during the
administration of the vaccination and the “Spouts and Straws” board game that students played in the standard 15 minutes post-vaccination
waiting time. A paper with the full description of the TCW-BI, its acceptability and standalone outcomes is currently under review.

The Environmental intervention - The environmental intervention included the installation of one CWS in all schools allocated to receive this
intervention. Following extensive research, a stainless steel wall-mounted station with a chilled drinking fountain, bottle re�ll capacity and
bottle re�ll counter were identi�ed for installation. Project O�cers worked with the intervention schools to determine the most suitable
position for the CWS, allowing the greatest access point for year 7 students, and installation occurred following baseline data collection. To
promote the CWS to students a large promotional sticker was positioned near the CWS. A full description of the CWS intervention,
acceptability and outcomes is currently under review.

Data Collection

Student surveys: These were completed at three time points: baseline (Term 1, 2018), post-intervention (following delivery of the TCW-BI
and/or CWS installation – Term 3 and 4, 2018) and at follow-up, as students commenced year 8 (Term 1, 2019). The survey included
validated questions from the NSW Schools Physical Activity and Nutrition Survey (SPANS)20 regarding students’ beverage consumption,
where they purchased beverages and how often SSBs were available in their home, as well as numerous questions designed to re�ect
knowledge taught through the TCW-BI, including the effects of SSBs and dehydration. Students were also asked about their water
consumption, whether they took a drink bottle to school, where they �lled it and bubbler usage. Student surveys were predominantly
completed utilising an online survey tool within PDHPE lessons. Some schools experienced di�culties accessing the online survey tool, and
therefore completed a paper-based version of the survey.

Water Flow Measurement: At CWS installation a data logger and separate water meter were �tted to measure water �ow from the in-built
bubbler and bottle-�ller of the CWS. The data logger measured water �ow remotely and continuously in real-time and was installed for one
year to capture water �ow across four seasons. Data were downloaded to an online portal that researchers and schools could access.

School level data: School level data was collected from key school contacts via an online survey at baseline and follow-up. Variables of
interest included school type (e.g. Government, Independent or Catholic), school size (total number and composition of students), the Index of
Community Socio-Educational Advantage (ICSEA) (an index of educational advantage or disadvantage), availability of vending machines,
the closest access point to sources of SSBs external to the school measured in walking distance, available drinking water sources for
students, how water was promoted as the preferred drink of choice and feedback on CWS installation and usage. 

Procedures

Consent for study participation was at the school level and provided by the school principal. Student participation in the study evaluation
was through an opt-out process, whereby parents/carers were advised to provide written documentation to the school if they did not wish for
their child to participate in the student surveys (with the exception of one Catholic Diocese, which requested an opt-in process, which was
adhered to for those schools). A Project O�cer in each LHD worked closely with schools to advise them of research processes, timeframes
and study requirements. Project O�cers also provided relevant training to teachers and immunisation teams who delivered the TCW-BI, and
worked with schools on the installation of CWSs.

Data analysis

All statistical analyses were conducted with Stata V16.0 (StataCorp, College Station, Texas, USA). Frequency counts and percentages were
used to describe study data. Employing a 2x2 factorial design, random-effects ordinal logistic regression modelling was used to estimate the
main effects of BI (no, yes), CWS (no, yes). In addition, this approach not only allowed for the estimation of accompanying interaction, but
also utilised all sample observations by not adopting a complete-case analysis, which would have only included students on the condition
that they had provided information at all time-points. To control for confounding and ensure all models were parsimonious, a two-stage
screening process was undertaken. Variables with a univariable p-value <0.05 were further assessed for model inclusion using a manual
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stepwise backward elimination approach (p≥0.05 for removal). To account for a lack of independence when students were observed at
multiple time-points, a variance estimator was used to cluster observations from the same individual. For each multivariable model, the
proportional odds assumption was assessed using the Brant test.21 The presence of multicollinearity and model speci�cation were tested
respectively by the variance in�ation factor (VIF), and the Pregibon link test.22 For each model, unadjusted and adjusted odds ratios (ORs)
with 95% con�dence intervals (CIs) were calculated. Due to the presence of heterogeneity in the implementation of BI and CWS, intervention
effects are reported only for change between baseline and follow-up. The level of statistical signi�cance for all two-sided tests was set at 5%.

Results
As shown in Fig. 1, 61 schools from 155 eligible schools across the three LHDs agreed to participate in the study. Of these, the majority were
Government schools from New South Wales Department of Education (n = 42, 69%) followed by Independent schools (n = 13, 21%) and then
by Catholic schools (n = 6; 10%). Participation rates were 73% (n = 6,531), 63% (n = 5,620) and 58% (n = 5,215) respectively at baseline, post-
intervention and at follow-up. Amongst the four groups, survey participation rates at the three time-points were consistently higher among
students receiving BI, either with CWS or without.

Tables 1 and 2 present the descriptive statistics for school and student-level variables across the four intervention groups. Whilst there were
no statistically signi�cant differences between the groups concerning school-level variables, this was not the case for all student-level
variables. The proportion of Aboriginal and Torres Strait Islander students in the BI + CWS group (11%; n = 170) was signi�cantly (p < 0.01)
higher than the other three study groups. Additionally, the proportion of males was signi�cantly (p < 0.01) higher than females in the BI group
(60% vs 40%) and the CWS group (57% vs 43%).
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Table 1
School-level characteristics at baseline (N = 61)

  BI

(N = 15)

n (%)

CWS

(N = 16)

n (%)

BI + CWS

(N = 15)

n (%)

Control

(N = 15)

n (%)

P-valuea

Designated Year 7 playground          

No 11 (73) 11 (73) 8 (57) 10 (77) 0.70

Yes 4 (27) 4 (27) 6 (43) 3 (23)  

Distance to nearest shop          

< 500 m 8 (53) 7 (47) 2 (14) 2 (15)  

500 m – 999 m 2 (13) 3 (20) 6 (43) 5 (38) 0.19

1000m+ 5 (33) 5 (33) 6 (43) 6 (46)  

LHD          

LHD-1 5 (33) 5 (31) 5 (33) 5 (33)  

LHD-2 5 (33) 7 (44) 5 (33) 6 (40) 1.00

LHD-3 5 (33) 4 (25) 5 (33) 4 (27)  

School canteen          

Parent or school-operated 7 (47) 6 (40) 10 (71) 8 (62) 0.34

Neither 8 (53) 9 (60) 4 (29) 5 (38)  

School type          

Public school 9 (60) 12 (75) 10 (67) 9 (60) 0.78

Private school 6 (40) 4 (25) 5 (33) 6 (40)  

ICSEA          

< 965 5 (33) 4 (25) 6 (40) 5 (33) 0.94

965–1014 4 (27) 7 (44) 5 (33) 4 (27)  

1015+ 6 (40) 5 (31) 4 (27) 6 (40)  

Vending machines          

No 14 (93) 13 (87) 14 (100) 10 (77) 0.24

Yes 1 (7) 2 (13) 0 (0) 3 (23)  

Chilled water stations          

No 12 (80) 10 (71) 13 (93) 8 (62) 0.26

Yes 3 (20) 4 (29) 1 (7) 5 (38)  

Water consumption promoted          

No 1 (7) 2 (13) 1 (7) 4 (27) 0.45

Yes 14 (93) 14 (88) 14 (93) 11(73)  

Water bubblers (n = 53)          

< 10 6 (40) 3 (23) 3 (25) 1 (8) 0.48

10–19 3 (20) 6 (46) 5 (41) 5 (38)  

a P-values calculated by Fisher’s Exact Test
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  BI

(N = 15)

n (%)

CWS

(N = 16)

n (%)

BI + CWS

(N = 15)

n (%)

Control

(N = 15)

n (%)

P-valuea

20+ 6 (40) 4 (31) 4 (33) 7 (54)  

a P-values calculated by Fisher’s Exact Test

Table 2
Student-level characteristics at baseline (N = 6531)

  BI

(N = 1,638)

n (%)

CWS

(N = 1,693)

n (%)

BI + CWS

(N = 1,569)

n (%)

Control

(N = 1,631)

n (%)

P-valuea

Aboriginal and Torres Strait Islander          

Yes 120 (7) 128 (8) 170 (11) 132 (8) < 0.01

No 1,507 (93) 1,549 (92) 1,390 (89) 1,488 (92)  

English is primary language spoken at home          

Yes 1,414 (87) 1,444 (85) 1,380 (88) 1,426 (88) 0.12

No 215 (13) 245 (15) 185 (12) 202 (12)  

Gender          

Female 658 (40) 729 (43) 807 (51) 803 (49) < 0.01

Male 980 (60) 964 (57) 762 (49) 828 (51)  

a P-values calculated by Fisher’s Exact Test

Unadjusted proportions for plain water (PW) weekly consumption (see Table 3) between baseline and follow-up indicate that while the
consumption of ≥ 7cups on average per week increased across all groups, the largest change was seen among students receiving CWS, from
86% (n = 1,424) at baseline to 90% (n = 1,196) follow-up. Similarly, a bene�cial reduction in SSB consumption was seen in all four groups,
with the proportion of students reporting at Never/Rarely, increasing across all groups by at least 4% points. Of these, the greatest increase in
this was seen among students receiving BI + CWS, with the unadjusted proportion increasing from 28% (n = 426) to 35% (n = 390).
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Table 3
Consumption (cups per week) of PW and SSBs.

  Group

  BI CWS BI + CWS Control

  Baseline

N (%)

Post

N
(%)

Follow-
up

N (%)

Baseline

N (%)

Post

N
(%)

Follow-
up

N (%)

Baseline

N (%)

Post

N
(%)

Follow-
up

N (%)

Baseline

N (%)

Post

N
(%)

Follow-
up

N (%)

Plain water                        

Never/Rarely 15 (1) 13
(1)

8 (1) 17 (1) 25
(2)

13 (1) 19 (1) 19
(2)

8 (1) 21 (1) 15
(1)

15 (1)

≤ 1 Cup 36 (2) 23
(2)

20 (1) 34 (2) 30
(2)

19 (1) 34 (2) 26
(2)

18 (2) 26 (2) 25
(2)

20 (2)

2–6 Cups 157 (10) 128
(9)

116 (9) 178 (11) 123
(9)

106 (8) 175 (11) 149
(12)

122
(11)

201 (13) 145
(10)

136
(10)

≥ 7 Cups 1406
(87)

1237
(88)

1201
(89)

1424
(86)

1223
(87)

1196
(90)

1320
(85)

1062
(85)

980
(87)

1359
(85)

1294
(87)

1152
(87)

SSB                        

Never/Rarely 459 (28) 461
(33)

435
(32)

474 (29) 441
(31)

432
(33)

426 (28) 403
(32)

390
(35)

452 (28) 451
(31)

418
(32)

≤ 1 Cup 533 (33) 484
(35)

463
(34)

559 (34) 438
(31)

457
(34)

510 (33) 404
(32)

344
(31)

553 (34) 481
(33)

422
(32)

2–6 Cups 463 (29) 341
(24)

340
(25)

443(27) 365
(26)

320
(24)

404 (26) 319
(25)

289
(26)

433 (27) 394
(27)

340
(26)

≥ 7 Cups 161 (10) 116
(8)

110 (8) 178 (11) 157
(11)

120 (9) 207 (13) 131
(10)

97 (9) 167 (10) 146
(10)

142
(11)

To quantify the individual and joint effects of TCW-BI and CWS on the consumption of water and SSBs, random effects multivariable ordinal
logistic regression models were derived for each outcome. In addition to gender and LHD being forced into these models due to potential
confounding, other school- and student-level model candidate covariates were identi�ed by the use of univariable analysis, followed by
manual backward stepwise elimination (see Supplementary Tables 1a and 1b). Students were more likely to consume higher levels of water
if they were enrolled at a school with a middle or high ICSEA score, did not identify as Aboriginal and Torres Strait Islander, spoke English
predominately at home, female, and usually consumed water in various settings (e.g. during social activities). As for SSBs, higher levels of
consumption were more likely if students were enrolled at a school with a low ICSEA score and the canteen was leased. At the student-level,
higher SSB consumption was more likely amongst students who were Aboriginal and Torres Strait Islander, male and usually consumed SSB
in a variety of settings such as during exercise or sport, home meals, school, screen time and social activities.

Table 4 presents the individual effects of BI, CWS and their joint effect on the consumption of PW and SSB between baseline and follow-up.
For students who received at least one intervention, the increased odds of higher water consumption, compared to those who received none,
ranged between 5% and 48%. However, these increases were not found to be statistically signi�cant at the 5% level. A subgroup analysis on
the consumption of PW, strati�ed by LHD indicated that the joint effect of BI and CWS, though not statistically signi�cant, was larger for LHD-
1 students when compared to students enrolled in either of the two other LHD’s. Furthermore, and given that the loss to follow-up was more
substantial in LHD-1 when compared to the two other LHDs (see Supplementary Table 2a), it is likely that the magnitude of the joint effect
was by consequence, reduced to a level below those of each individual intervention.

Conversely, and compared to students in the control group, students who received at least one intervention were more likely to decrease their
consumption of SSB. But, only for those receiving both interventions was this reduction, being 33%, found to be statistically signi�cant (p < 
0.01). When strati�ed by gender (see Supplementary Tables 2b and 2c), male students in the CWS group were found to signi�cantly increase
their water consumption (OR: 2.11; 95%CI: 1.21–3.66; p = 0.01), unlike female students, for which no signi�cant effect was detected.
Additionally, male students in the combined intervention group were found to statistically decrease their SSB consumption (OR: 0.59; 95%CI:
0.44–0.79; p < 0.01). While SSB consumption among female students who received the BI and CWS was seen to decrease (OR: 0.58–1.03),
this reduction was no longer statistically signi�cant, unlike the case for all students.
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Table 4
Individual and joint intervention effects on weekly PW and SSBs consumption between

baseline and follow-up
Intervention Effect PW   SSB

OR 95% CI P-value   OR 95%CI P-value

BI without CWS 1.27 0.86–1.87 0.23   0.86 0.70–1.06 0.17

CWS without BI 1.48 0.97–2.24 0.07   0.87 0.69–1.08 0.20

BI + CWS 1.05 0.71–1.55 0.80   0.67 0.55–0.82 < 0.01

Discussion
The Thirsty? Choose Water! study aimed to examine the impact of two interventions, alone or combined on year 7 students’ water
consumption and SSB consumption. This paper demonstrates the positive outcomes of these interventions and that these changes in
knowledge and attitude have translated to changed consumption behaviours. Whilst the change was not statistically signi�cant, students
who received at least one intervention did demonstrate an increased odds of higher water consumption, compared to those who received
none. Additionally, students who received at least one intervention were more likely to decrease their consumption of SSB. For those students
who received both interventions the reduction in SSBs was statistically signi�cant.

These results are consistent with a number of other studies that have examined the impacts of water and SSB interventions. In the context of
reducing SSBs, a 2017 systematic review demonstrated that educational interventions alone had success rates of 65% and those that
combined legislative/environmental change were slightly more successful (66.7%).13 In the context of increasing water consumption, whilst
changes in this study did not reach signi�cance, current evidence does suggest that the inclusion of both educational/behavioural and
legislative and environmental interventions are important to achieve a signi�cant effect of increasing water consumption.10 Additionally,
despite the expectation that increasing water consumption displaces SSBs, interventions that focus only on promoting water consumption,
have been shown to have limited impact on reducing SSBs. In the context of this literature, �ndings of the current study also lend support to
the need for multicomponent interventions. It would appear that the combination of an environmental intervention with an educational
intervention adds value, by allowing students to act on their new knowledge about the detriment of SSBs and the bene�ts of water, and with
access to a CWS reduce their SSB consumption.

In this study SSB consumption is consistent with other Australian data that shows SSB consumption is higher in different population
subgroups including low SES populations, among males and Aboriginal populations.23 In this sample, SSB consumption was also higher in
schools with leased canteens.

Strengths and Limitations

This study has a number of strengths that address gaps identi�ed in the literature. Researchers had identi�ed the need for stronger study
designs that include a power calculation, allow for longer term follow-up and measures that include a combination of validated self-reported
and objective measures of water consumption, 10 and that test interventions alone or combined.12 This study has addressed all of these
concerns. Furthermore, Moghadam et al (2019) suggest that ‘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.’11 This study has achieved this, adding a valuable contribution to demonstrate effective strategies
to address water and SSB consumption and the interaction and synergy of these interventions.

Whilst the study collected ‘soft-data’ (self-report responses) on baseline water consumption data, ‘hard data’ (objective measurement) was
not gathered and could be seen as a limitation of the study. Collecting this objective measurement would have necessitated measuring water
consumption across all water sources in a school, with the provision and installation of data loggers for this purpose beyond the scope of the
study budget. An additional limitation is the manner in which self-report water consumption data was collected. This was through the
validated SPANS question on beverage consumption; however, the use of the Likert scale was limiting, as at baseline students already
reported high levels of water consumption. The Likert scale was unable to detect any increase in self-reported water consumption, and in
future studies it is recommended this information is collected as continuous data, by asking students how many cups of water they drink
each day.

Conclusion
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To our knowledge, this is the �rst Australian study to test two interventions within a factorial design to promote water consumption and
decrease SSB consumption. Furthermore, this study is unique in that it tests the installation of CWS in a school setting as a mechanism to
increase water consumption and decrease SSB consumption in secondary school students. The �ndings of the study demonstrate that both
interventions alone or combined are effective. Students in the TCW-BI and CWS intervention groups showed changes in SSB consumption,
and whilst there was not a statistically signi�cant result seen in the interventions alone, this was seen when the interventions were combined.
Similarly the interventions either alone or combined did have a bene�cial effect on water consumption, but these effects were not statistically
signi�cant, possibly due to the limitation in the way self-reported water consumption was recorded. Nevertheless, these �ndings add strong
evidence of effective school based strategies to encourage adolescent to choose water instead of SSBs. Further work is required to determine
how these interventions can be delivered at scale; what support schools and immunisation nurses would require to deliver the TCW-BI
implementation in a sustainable way; and what policy makers would require to progress the wide-spread installation of CWS in secondary
schools. A future economic analysis of this study may contribute to achieving this goal, by assessing the costs of the intervention against
the outcomes.
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