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Abstract
Objectives: This multicentre, assessor- blinded, two- arm cluster randomized trial eval-
uated the clinical and cost- effectiveness of a behaviour change intervention promot-
ing toothbrushing for preventing dental caries in UK secondary schools.
Methods: Pupils aged 11–13 years with their own mobile telephone attending sec-
ondary schools with above average free school meals eligibility were randomized (at 
year- group level) to receive a lesson and twice- daily text messages or to usual care. 
Year- groups (n = 84) from 42 schools including 4680 pupils (intervention, n = 2262; 
control, n = 2418) were randomized.
Results: In 2383 participants with valid data at baseline and 2.5 years, the pri-
mary outcome of presence of at least one treated or untreated carious lesion (D4- 6 
MFT [Decayed, Missing and Filled Teeth] in permanent teeth using International 
Caries Detection and Assessment System) was 44.6% in the intervention group and 
43.0% in control (odds ratio [OR] 1.04, 95% CI 0.85–1.26, p = .72). There were no 
statistically significant differences in secondary outcomes of presence of at least 
one treated or untreated carious lesion (D1- 6 MFT), number of D4- 6 MFT and D1- 6 
MFT, plaque and bleeding scores or health- related-  (Child Health Utility 9D) or oral 
health- related-  quality of life (CARIES- QC). However, twice- daily toothbrushing, 
reported by 77.6% of pupils at baseline, increased at 6 months (intervention, 86.9%; 
control, 83.0%; OR 1.30, 95% CI 1.03–1.63, p = .03), but returned to no differ-
ence at 2.5 years (intervention, 81.0%; control, 79.9%; OR 1.05, 95% CI 0.84–1.30, 
p = .69). Estimated incremental costs and quality- adjusted life- years (QALYs) of the 
intervention, relative to control, were £1.02 (95% CI −1.29 to 3.23) and −0.003 
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1  |  INTRODUC TION

Dental caries disrupts the lives of young people through pain, dif-
ficulties with eating and sleeping, and impacts on school and social 
activities.1–3 In the most recent Child Dental Health Surveys (CDHS) 
in England, Wales and Northern Ireland, around 50% of 12-  and 
15- year- olds reported toothache, about one- quarter experienced 
eating difficulty, with 6% of 12- year- olds and 3% of 15- year- olds 
reporting difficulty with schoolwork due to their teeth/mouth 
condition.4

Dental caries affects all parts of society, but shows a positive, 
linear association with deprivation.5 In 2013 in England, 32% of 
12- year- olds experienced dental caries and required treatment, 
ranging from 46% of those eligible for free school meals (FSM) 
due to their low household income to 30% of those ineligible for 
FSMs.4

Successful community- based UK interventions to reduce den-
tal caries promote toothbrushing with fluoride toothpaste,6,7 with 
pre-  or primary- school aged children (aged 11 or under). Few inter-
ventions exist aimed at secondary school- aged children (11–16 years) 
despite adolescence being a critical stage for transition of responsi-
bilities for oral health behaviours.8

Short message services (SMS) are the most widely investi-
gated mobile health (mHealth) interventions, including as a vehicle 
for dental behaviour change.9–11 In the UK in 2022, 97% of 12-  to 
15- year- olds used a smartphone for texting and calling12 with smart-
phone ownership consistent regardless of socio- economic status.13 
This suggests mobile interventions are suitable for this age group. 
In systematic reviews, mHealth studies are of variable duration and 
frequency, follow- up times short (usually weeks or months), and 
none have directly measured dental caries as their outcomes, using 
proxy measures instead.9,10 In addition, few have been delivered as 
community- based interventions in settings such as schools.

The aim of the Brushing RemInder 4 Good oral HealTh (BRIGHT) 
trial was to establish the clinical and cost- effectiveness of a two- part 
intervention for young people from economically disadvantaged 
areas, delivered through a classroom- based session (CBS) embed-
ded in the curriculum and a series of SMS, compared to usual edu-
cation and no SMS, on dental caries. The intervention development 
and acceptability have been published.14,15 This study reports the 

findings of the primary and secondary outcomes including economic 
analyses. The findings from the parallel process evaluation will be 
published separately.

2  |  METHODS

The BRIGHT trial was a multicenter, school- based, assessor- blinded, 
two- arm cluster randomized controlled trial16 with embedded eco-
nomic and process evaluations. Ethical approval was granted (ref. 17/
ES/0096) and trial registration was completed (ISRCTN 12139369).

2.1  |  Participating schools and pupils

Schools were eligible to participate if they were in Scotland, England 
(South and West Yorkshire) or South East Wales; were state- funded; 
had pupils aged 11–16 years old; had at least 60 pupils per year 
group; and had above the national average percentage of pupils eli-
gible for FSM. Schools were recruited in two phases, 2017/2018 (in-
ternal pilot) and 2018/2019 (main trial).

Pupils aged 11–12 years (Year 7 in England/Wales or S1 in 
Scotland) or 12–13 years (Year 8 in England/Wales or S2 in Scotland) 
from participating schools were recruited. Pupils were ineligible if 
they did not have a functioning mobile telephone, or their parent/
carer opted them out of the trial.

2.2  |  Randomisation and intervention

Within each school, the 2 year groups were randomized 1:1 to either 
the intervention or control group, so each school had one interven-
tion year group and one control year group. The allocation sequence 
was generated by a statistician not involved in school recruitment, 
using stratified block randomisation by school with a block size of 
two. Randomisation took place following baseline assessments. 
Given the nature of the intervention, it was not possible to blind 
schools or participants to group allocation; however, clinical exami-
nations were performed by trained and calibrated dental profession-
als blinded to allocation.

(95% CI −0.009 to 0.002), respectively, with a 7% chance of being cost- effective 
(£20 000/QALY gained threshold).
Conclusion: There was no evidence of statistically significant difference for caries 
prevalence at 2.5- years. The intervention's positive 6- month toothbrushing behav-
iour change did not translate into caries reduction. (ISRCTN 12139369). COVID- 19 
pandemic adversly affected follow- up.

K E Y W O R D S
child, cost–benefit analysis, dental caries, dental health, fluorides, oral health, quality of life, 
schools, text messaging, toothpaste
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The intervention focused on toothbrushing and consisted of 
one 50- min teacher- delivered CBS, embedded within the school 
curriculum,14 followed by twice- daily SMS reminders to brush. 
Participants could stop receiving the SMS at any time and SMS 
could be re- started on request. Participants were informed that 
replies to SMS were not required.16 The text messages were de-
livered via TextApp, which has been successfully adopted in a 
number of other behaviour change interventions.17,18 Based on 
feedback during the intervention development process, partic-
ipants were able to choose the preferred timings for the SMS 
during weekdays and weekends.14

The control group received routine education and no SMS.

2.3  |  Outcomes

Outcomes were assessed through clinical examination and question-
naires at baseline, after the CBS (pilot only), at 12 weeks (pilot only), 
6 months, 1 year, 2 years (pilot only) and 2.5 years.

The primary outcome was measured at the child level at 
2.5 years, using D4–6 MFT (Decayed, Missing and Filled Teeth) 
as presence of at least one treated or untreated carious lesion 
where the D component was International Caries Detection and 
Assessment System (ICDAS)19 level 4–6 (carious lesions extended 
into dentine). Secondary outcomes included caries D1–6 MFT (the 
presence of at least one carious lesion in permanent teeth at ICDAS 
levels 1–6); the number of carious teeth (ICDAS 1–6 and 4–6); self- 
reported twice- daily toothbrushing using validated questions from 
the CDHS; clinically assessed plaque levels using Turesky's mod-
ification of the Quigley Hein Plaque Index20,21; clinically assessed 
gingivitis using gingival bleeding22 and the mean number of bleeding 
gingival sites per participant. Health- related quality of life (HRQoL) 
was also assessed using the Child Health Utility 9D (CHU9D),23 while 
oral HRQoL was evaluated using the Caries Impacts and Experiences 
Questionnaire for Children (CARIES- QC).24

2.4  |  Statistical methods

Sample size calculations are detailed in the protocol.16 Briefly, re-
cruitment of 5040 pupils from 42 schools (84- year groups) was es-
timated to give 90% power to detect a reduction in the proportion 
of pupils with obvious decay experience from 34% to 26%, assuming 
within- school (year group level) randomisation, partial contamina-
tion effects (i.e. those contaminated gain half the treatment bene-
fits) for 27% of the control group, recruiting an average of 60 pupils/
year group, an intra- cluster correlation coefficient of 0.02 and 20% 
attrition at follow- up.

Analyses followed the principles of intention- to- treat with par-
ticipant's outcomes analysed according to their original, randomized 
group irrespective of deviations based on non- compliance.

The primary outcome was analysed using mixed- effect logistic 
regression, adjusting for D4- 6MFT and school year at baseline as 

fixed effects, and school as a random effect. Sensitivity analyses 
were conducted by including year group, nested within school, as 
a random effect and including additional covariates that were sig-
nificantly associated with missing primary outcome data. A further 
sensitivity analysis excluded participants whose dental assess-
ments were completed 3 months either side of the average length 
of follow- up for the 2.5- year time point. A complier average causal 
effect (CACE) analysis, using a two- stage instrumental variable re-
gression with randomized group as the instrumental variable, was 
implemented to assess the impact of: attending the CBS; attending 
the CBS and receiving at least 50% (n = 7) of the SMSs per week 
for the first 12 weeks; and number of SMS sent. Time to interven-
tion withdrawal was depicted in a Kaplan–Meier curve. Subgroup 
analyses considered whether the intervention effect differed by 
FSM status, number of carious teeth at baseline, and involvement 
in the pilot or main phase. The secondary outcome of presence of 
at least one D1- 6 MFT was analysed as described for the primary 
outcome. The other secondary outcomes were analysed by appro-
priate mixed- effect regression models (negative binomial, logistic 
or linear).

A cost- utility analysis, adopting a cost perspective of the NHS 
and social care, was conducted. Quality adjusted life years (QALYs) 
were estimated using utilities derived from the CHU9D25 and costs 
included SMS costs and costs of dental treatments inferred from the 
dental assessments. Data were assumed to be missing at random 
and multiple imputation was used for both QALYs and costs. An in-
cremental analysis was undertaken by dividing the mean incremen-
tal QALYs by the mean incremental costs to produce an incremental 
cost- effectiveness ratio.

3  |  RESULTS

3.1  |  School and participant recruitment and flow

In total, 84 year- groups from 42 schools were randomized 
(Figure 1). Of the 14083 pupils approached, 4699 (33.4%) con-
sented, were eligible and were asked to complete baseline data 
collection. Nineteen pupils withdrew pre- randomisation, leaving 
4680 pupils in the randomized sample (intervention, n = 2262; 
control, n = 2418). The average number of pupils recruited per 
school was 111.4 (SD 35.9). In total, 663 (14.2%) participants (in-
tervention, 13.9%; control, 14.4%) withdrew from follow- up, most 
commonly due to leaving the school (n = 487). Follow- up could not 
be completed in all schools at all time- points, due to disruptions 
caused by the COVID- 19 pandemic.

3.2  |  Baseline data

The average age of pupils at recruitment was 12.7 years (SD 0.6) and 
54.2% were female (Table 1). The arms were balanced for all pupil 
characteristics, except for a difference in the distribution of year 
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groups (Year 8/S2 group allocation: intervention, 53.8%; control, 
34.7%). Overall, 21.9% of pupils were eligible for FSM.

Nearly half (48.2%) of pupils were satisfied or very satisfied with 
the appearance of their teeth at baseline and 77.6% reported that 
they brushed their teeth at least twice- daily. The mean CARIES- QC 
score was 3.7 (SD 3.5) and 44.5% felt their teeth were either a bit or 
a lot of a problem for them. Over two- thirds (69.1%) reported eating 
cakes or biscuits at least once/day on average, and a similar propor-
tion with sweets or chocolate (70.3%). More than half (55.1%) drank 
sugary soft drinks or fruit juice/smoothies (57.7%) at least once/day, 
and 25.6% drank energy/sports drinks.

For pupils with a valid baseline dental assessment (n = 4625), 
34.7% had evidence of obvious decay experience indicated by 
presence of D4- 6 MFT in at least one permanent tooth and 64.0% 
had at least one treated or untreated carious lesion in any per-
manent tooth as indicated by D1- 6 MFT (Table 2). The proportion 
with untreated decay in at least one tooth was 58.0% for all car-
ies (ICDAS 1–6) and 15.8% for caries into dentine (ICDAS 4–6). 
Among those with the presence of D4- 6 MFT in at least one per-
manent tooth, the mean number of D4- 6 MFT was 2.2 (SD 1.5) and 
D1- 6 MFT was 4.1 (SD 2.7).

3.3  |  Intervention implementation

Thirty- nine schools confirmed delivery of the CBS, with an esti-
mated 89.1% of pupils attending. SMS were commenced for 99.8%. 
Participants were sent SMS until they requested them to stop or 
until 12 July 2020 when a technical error meant SMS stopped 
being sent. In total, 42.5% of intervention pupils requested for the 
SMS to be stopped, a median of 2.8 months after they commenced 
(range 1 day to 30 months) (Figure 2). Participants were sent SMS 
for between 0 and 127 weeks (mean 53.4 weeks, SD 35.4), which 
equated to between 1 and 1708 SMS (mean 694.5, SD 468.9). On 
average, 71.4% of SMS were successfully delivered. Participants 

were informed that replies to SMS were not required. However, 
8461 SMS responses were received with between 1 (n = 360) and 
585 (n = 1) responses received per participant (mean 6.1, SD 18.4, 
median 3, mode 1).

3.4  |  Primary outcome

In total, 2383 participants had a valid dental assessment at both 
baseline and 2.5 years and were included in the primary analysis. The 
analysed sample had relatively fewer females than the non- analysed 
sample, were less likely to be eligible for FSM, lived in areas of less 
deprivation and were more likely to brush their teeth twice a day 
(Table S1). Among the 2383 pupils included in the primary analysis, 
514 (44.6%) in the intervention and 529 (43.0%) in the control group 
had obvious decay experience in at least one permanent tooth at 
2.5 years (Table 2). There was no evidence of a difference between 
the groups (odds ratio [OR] 1.04, 95% CI 0.85–1.26, p = .72). The 
predicted probabilities from the model were 44.2% (95% CI 40.7–
47.6) in the intervention group and 43.5% (95% CI 40.1–46.9) in 
the control group (adjusted risk difference 0.6, 95% CI −2.8 to 4.1). 
Sensitivity analyses produced similar results to the primary analysis 
(data not shown).

The CACE estimates of the treatment effect based on CBS atten-
dance and CBS attendance plus receiving at least 7 SMSs per week 
for the first 12 weeks were similar to the primary estimate (OR 1.05, 
95% CI 0.85–1.31, p = .64; and 1.07, 95% CI 0.72–1.59, p = .74, re-
spectively). The CACE estimate associated with the number of SMS 
sent was OR 1.00 (95% CI 0.999–1.001, p = .93).

Subgroup analyses revealed no significant interaction between 
treatment allocation and either number of carious teeth at base-
line or pilot/main phase schools, but there was evidence of an in-
teraction for FSM status, with a benefit of the intervention among 
FSM- eligible pupils (OR 0.69, 95% CI 0.44–1.08, p = .10; predicted 
proportions, 46.8% and 53.7% in intervention and control groups, 

F I G U R E  1  CONSORT flow diagram 
illustrating the flow of schools and pupils 
through the trial.
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respectively), but not among FSM- ineligible pupils (OR 1.17, 95% CI 
0.93–1.46, p = .18; predicted proportions, 44.0% and 41.4% in inter-
vention and control groups).

3.5  |  Secondary outcomes

At 2.5 years, the mean number of D4- 6 MFT per pupil was 1.08 
(SD 1.72) in the intervention group and 1.20 (SD 2.07) in the con-
trol group (Table 2), with no evidence of a difference between the 
groups (adjusted incidence rate ratio [IRR] 0.96, 95% CI 0.85–1.07, 
p = .45). In pupils with valid dental assessments, 62.2% in the in-
tervention and 60.7% in the control had at least one D1- 6 MFT at 

2.5 years (OR 1.05, 95% CI 0.86–1.28, p = .64). There was no dif-
ference in the number of D1- 6 MFT (IRR 0.98, 95% CI 0.89–1.08, 
p = .65).

At 2.5 years, the mean plaque score was similar between the 
groups (adjusted mean difference −0.02, 95% CI −0.07 to 0.02, 
p = .31). There was evidence of a difference in gingival bleeding score 
between the groups (0.92, 95% CI 0.85–1.00, p = .053).

At baseline, 77.7% of intervention pupils and 77.5% in the control 
group reported brushing their teeth at least twice/day. At 6 months, 
there was evidence that intervention group pupils were more likely 
to report brushing at least twice/day (OR 1.30, 95% CI 1.03–1.63, 
p = .03). However, by 2.5 years this effect was no longer evident (OR 
1.05, 95% CI 0.84–1.30, p = .69).

TA B L E  1  Baseline characteristics and questionnaire responses from the randomized pupils (n = 4680) and for sample with valid dental 
assessment at both baseline and 2.5 years (n = 2383).

As randomized As analysed

Characteristic
Intervention 
(n = 2262) Control (n = 2418)

Intervention 
(n = 1153)

Control 
(n = 1230)

Age, mean (SD), years 12.8 (0.7) 12.6 (0.6) 12.6 (0.6) 12.6 (0.6)

School year, n (%)

Year 7/S1 1045 (46.2) 1578 (65.3) 614 (53.3) 766 (62.3)

Year 8/S2 1217 (53.8) 840 (34.7) 539 (46.7) 464 (37.7)

Sex: female, n (%) 1217 (53.8) 1320 (54.6) 578 (50.1) 628 (51.1)

Eligible for free school meals, n (%) 512 (22.6) 513 (21.2) 236 (20.5) 224 (18.2)

% pupil attendance in the academic year in 
which they were recruited up to the point of 
recruitment, mean (SD)

95.9 (5.7) 95.8 (5.9) 97.1 (4.4) 96.7 (5.0)

IMD decile, mean (SD)

England 3.0 (2.3) 3.2 (2.5) 3.2 (2.4) 3.4 (2.5)

Scottish 4.5 (2.8) 4.3 (3.0) 5.3 (2.8) 4.9 (3.2)

Welsh 3.1 (2.3) 3.4 (2.2) 3.0 (2.4) 3.5 (2.3)

How satisfied are you with the appearance of your teeth?/How do you feel about the way your teeth look? n (%)

Very satisfied/happy 336 (14.9) 380 (15.7) 213 (17.3) 394 (16.5)

Satisfied/a bit happy 754 (33.3) 788 (32.6) 423 (34.4) 825 (34.6)

Neither satisfied/happy nor dissatisfied/unhappy 651 (28.8) 666 (27.5) 325 (26.4) 666 (27.9)

Dissatisfied/a bit unhappy 376 (16.6) 432 (17.9) 214 (17.4) 394 (16.5)

Very dissatisfied/unhappy 109 (4.8) 116 (4.8) 51 (4.1) 95 (4.0)

Missing 36 (1.6) 36 (1.5) 4 (0.3) 9 (0.4)

Cariogenic score, mean (SD) 39.9 (17.1) 39.2 (16.7) 38.5 (15.9) 37.9 (16.3)

CHU9D score, mean (SD) 0.91 (0.09) 0.91 (0.09) 0.91 (0.08) 0.91 (0.08)

CARIES- QC, mean (SD) 3.7 (3.6) 3.7 (3.5) 3.6 (3.5) 3.6 (3.4)

CARIES- QC global question—How much of a problem are your teeth for you? n (%)

Not at all 1229 (54.3) 1300 (53.8) 688 (55.9) 649 (56.3)

A bit 914 (40.4) 1001 (41.4) 493 (40.1) 459 (39.8)

A lot 84 (3.7) 83 (3.4) 42 (3.4) 39 (3.4)

Missing 35 (1.5) 34 (1.4) 7 (0.6) 6 (0.5)

How often do you usually brush your teeth? At least 
twice a day, n (%)

1757 (77.7) 1874 (77.5) 910 (78.9) 963 (78.3)

Abbreviations: CARIES- QC, Caries Impacts and Experiences Questionnaire for Children; CHU9D, Child Health Utility 9D; ICDAS, International Caries 
Detection and Assessment System.
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At 2.5 years, the mean CARIES- QC score was 2.79 (SD 2.97) in 
the intervention group and 2.95 (SD 3.22) in the control group. Teeth 
were reported as ‘not at all’ a problem by 67.5% of pupils in the in-
tervention and 68.4% in the control group, with only a small number 
reporting their teeth were ‘a lot’ of a problem (intervention, 2.6%; 
control, 2.2%). There was no evidence of a difference between the 
two groups in CARIES- QC score (adjusted mean difference 1.00, 
95% CI 0.94–1.06, p = .89). At baseline, mean CHU9D scores were 

0.91 (SD 0.09) in both groups and decreased to 0.89 (SD 0.10) in 
both groups at 2.5 years.

3.6  |  Economic evaluation

Over the 2.5- year follow- up, there were no significant differences in 
QALYs and costs between groups (Table 3). Estimated incremental 

At baseline At 2.5 years

Variable
Intervention 
(n = 2233)

Control 
(n = 2392)

Intervention 
(n = 1153)

Control 
(n = 1230)

Presence of D4- 6 MFT, n (%) 769 (34.4) 834 (34.9) 514 (44.6) 529 (43.0)

Number of D4- 6 MFT per pupil

Mean (SD) 0.76 (1.40) 0.77 (1.35) 1.08 (1.72) 1.20 (2.07)

Median (IQR) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.0 (0.0, 2.0) 0.0 (0.0, 2.0)

Number (mean [SD]) of

D: decayed teeth (ICDAS 
4–6)

0.24 (0.75) 0.29 (0.78) 0.48 (1.16) 0.53 (1.31)

M: teeth extracted due to 
caries

0.11 (0.60) 0.07 (0.44) 0.10 (0.50) 0.10 (0.50)

F: filled teeth (ICDAS 4–6) 0.41 (0.93) 0.40 (0.90) 0.50 (1.01) 0.57 (1.22)

Presence of D1- 6 MFT, n (%) 1430 (64.0) 1499 (62.7) 717 (62.2) 746 (60.7)

Number of D1- 6 MFT per pupil

Mean (SD) 2.15 (2.53) 2.11 (2.57) 2.37 (3.02) 2.47 (3.27)

Median (IQR) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 1.0 (0.0, 4.0) 1.0 (0.0, 4.0)

Number (mean [SD]) of

D: decayed teeth (ICDAS 
1–6)

1.75 (2.29) 1.75 (2.34) 1.89 (2.75) 1.90 (2.88)

M: teeth extracted due to 
caries

0.11 (0.60) 0.07 (0.44) 0.10 (0.50) 0.10 (0.50)

F: filled teeth (ICDAS 1–6) 0.29 (0.74) 0.29 (0.72) 0.39 (0.80) 0.47 (1.07)

Caries (D4- 6 MFT) increment 
from baseline, mean (SD)

– –

Net caries increment 0.33 (3.46) 0.51 (3.76)

Crude caries increments 1.17 (2.40) 1.40 (3.22)

Net caries increment 
curtailed at 0

0.92 (2.20) 1.14 (2.97)

Caries (D1- 6 MFT) increment 
from baseline, mean (SD)

– –

Net caries increment 0.11 (4.54) 0.35 (4.73)

Crude caries increments 2.08 (3.22) 2.34 (3.99)

Net caries increment 
curtailed at 0

1.35 (2.79) 1.56 (3.46)

Plaque score, mean (SD) 0.93 (0.67) 0.84 (0.63) 0.90 (0.69) 0.87 (0.70)

Gingival bleeding score, mean 
(SD)

0.13 (0.17) 0.13 (0.17) 0.13 (0.18) 0.14 (0.20)

Number of teeth with bleeding 
gingivae per pupil

Mean (SD) 1.79 (2.05) 1.79 (2.04) 1.54 (1.93) 1.63 (2.07)

Median (IQR) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0)

TA B L E  2  Data at baseline (n = 4625) 
and at 2.5 years for sample with a valid 
dental assessment at both baseline and 
2.5 years (n = 2383).
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costs and QALYs of the intervention, relative to control, were £1.02 
(95% CI −1.29 to 3.23) and −0.003 (95% CI −0.009 to 0.002), respec-
tively, with a 7% chance that the intervention was cost- effective 
using a £20 000 per QALY gained threshold. Results were generally 
robust to the changes explored in the sensitivity analyses. In sub-
group analyses, a positive QALY gain was observed in schools with 
higher versus lower levels of FSM eligibility, producing an ICER of 
£2254 per QALY gained and a probability of cost- effectiveness of 
60%. A QALY gain was also observed for pilot schools, which led to 
the intervention having an ICER of £3049 per QALY gained and an 
84% chance of being cost- effective.

4  |  DISCUSSION

The findings from this trial indicate no evidence of a statistically sig-
nificant difference between the intervention and control groups for 
the prevalence of caries extending to dentine or including enamel 
and dentine lesions at the 2.5- year follow- up. Although dental car-
ies reduction was the primary outcome, as this trial evaluated a 
behaviour change intervention, a key secondary outcome was self- 
reported toothbrushing, which was higher in the intervention group 
relative to the control group. The trial found, however, that the 

effect was not sustained at the final follow- up. A high proportion 
of pupils reported carrying out twice- daily toothbrushing at base-
line (77.6%), similar to the 2013 findings from the CDHS where 77% 
of 12- year- olds self- reported toothbrushing twice per day or more.4 
After 2.5 years, it appears that the BRIGHT intervention was insuf-
ficient to bring about further improvements in toothbrushing fre-
quency and the changes did not translate into a reduction in caries 
rates. Toothbrushing was self- reported and further studies investi-
gating toothbrushing behaviours with more accurate measures, such 
as with haptic toothbrushes, may be valuable in identifying tooth-
brushing behaviours in young people.

The proportion of participants with caries into dentine was high 
at baseline, consistent with national data.4 The responses to the 
diet questions indicated participants had a diet high in cariogenic 
foods, particularly sugar- sweetened beverages. The intervention 
attempted to improve toothbrushing frequency but did not tackle 
sugar consumption. While caries development can, to some extent, 
be reversed by topical fluorides and other reminerisation agents, it 
is not known whether there is a threshold of sugar intake beyond 
which these become ineffective.

Previous evidence indicates positive effects of SMS interven-
tions on measures of toothbrushing, plaque and bleeding gingivae, 
but the majority of studies only examined changes up to a maximum 
of 6 months and none directly measured caries development as an 
outcome.9,10 Despite the intervention used in the BRIGHT trial being 
rigorously co- designed with young people,14 a qualitative explora-
tion of its acceptability found that while the SMS were generally 
acceptable, some participants found their frequency and repetitive-
ness ‘annoying’ and requested the messages to be stopped.15

In this study, a technical error occurred when the SMS pro-
vider moved to a new cloud platform which resulted in SMS being 
stopped, but this remained undetected for a period of several 
months. This finding calls into question the feasibility of deliver-
ing SMS on this scale and future interventions of this kind would 
require close monitoring. Indeed, most SMS studies within dental 
research have been implemented in clinical settings to individual 
patients, for example, with patients undergoing orthodontic treat-
ment, rather than in schools.9,10 The CBS part of the intervention 

F I G U R E  2  Kaplan–Meier survivor curve of time to intervention 
withdrawal.

TA B L E  3  Costs and QALYs at 2.5 years.

Costs per participant, £ Control mean (SE) Intervention Mean (SE) Mean difference 95% CI p value

Primary analysis with imputed costs and QALYs

Intervention costs – 32.53 (0.462) (n = 2258) 32.53 [31.66 to 33.41] <.001

Dental treatment costs 20.73 (1.296) (n = 1230) 21.02 (1.379) (n = 1153) 0.29 [−3.42 to 3.99] .880

Total discounted costs at 2.5 years (imputed) 23.04 (0.753) (n = 2329) 55.33 (0.842) (n = 2194) 32.28 [30.07 to 34.49] <.001

Utilities and QALYs

CHU9D scores at baseline 0.910 (0.002) (n = 2366) 0.909 (0.002) −0.001 [−0.006 to 0.004] .721

CHU9D scores at 1 year 0.886 (0.004) (n = 648) 0.891 (0.004) (n = 644) 0.004 [−0.008 to 0.164] .465

CHU9D scores at 2 years 0.910 (0.004) (n = 328) 0.905 (0.005) (n = 348) −0.006 [−0.020 to 0.008] .432

CHU9D scores at 2.5 years 0.893 (0.003) (n = 1341) 0.892 (0.003) −0.001 [−0.009 to 0.006] .708

Total discounted QALY at 2.5 years (imputed) 2.196 (0.003) (n = 2322) 2.193 (0.004) (n = 2193) −0.001 [−0.014 to 0.013] .904
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was delivered to 89.1% of pupils. Another strength of the BRIGHT 
trial was that it was conducted over 2.5 years. A consensus state-
ment on clinical trial duration following an international work-
shop concluded that a 2-  to 3- year period was sufficient for caries 
assessment.26

In the planned subgroup analyses, the intervention appeared to 
be beneficial in pupils eligible for FSM but not for FSM- ineligible 
pupils. Similarly, in the health economic analysis, while the inter-
vention was not considered cost- effective overall, there was some 
evidence that it might be cost- effective in schools with higher 
proportions of pupils eligible for FSM; however, the incremental 
costs and QALYs for these subgroups remained very small and 
statistically insignificant. Investigations of differences in tooth-
brushing frequency and FSM status may inform future targeting 
of similar interventions. Schools in the pilot phase demonstrated 
larger changes in incremental costs and QALYs than main phase 
schools. One possible reason could be due to the pilot phase oc-
curring before the COVID- 19 pandemic. The pandemic caused 
significant disruption to young people's lives, which may have at-
tenuated the intervention's ability to increase twice- daily tooth-
brushing. However, subgroup analyses are at increased risk of 
false positives due to multiple comparisons and false negatives 
due to inadequate power; therefore, these analyses were purely 
exploratory and should be interpreted with care. In addition, the 
national school shutdown during the pandemic disrupted the tim-
ing of the final follow- up. Once schools re- opened, although data 
collection was planned around school's preferred timings, it was 
still badly affected due to high levels of pupil and staff absence and 
schools prioritizing delivering teaching over taking part in research. 
Consequently, a major limitation of this trial was the high attrition 
rate, mainly due to the pandemic. However, Table 1 shows that the 
groups remained well balanced, suggesting that bias between the 
groups as a result of the attrition was unlikely.

While there was no evidence that an intervention of a CBS and 
twice- daily SMS was clinically or cost- effective for reducing dental 
caries at 2.5 years in pupils from secondary- schools in economi-
cally disadvantaged areas, there was evidence of positive behaviour 
change with increase in self- report toothbrushing at 6 months. 
Despite here was also evidence of benefit for pupils eligible for FSM 
and therefore, the intervention potentially reducing rather than 
widening inequalities in dental caries. There is a need to investigate 
other interventions to reduce caries development in these young 
people.

5  |  CONCLUSION

At 2.5 years, the BRIGHT intervention of a CBS and twice- daily SMS 
was not effective at reducing caries prevalence. This was despite 
evidence of positive behaviour change with increase in self- report 
toothbrushing at 6 months. There was a possibility of potential to re-
duce inequalities with evidence of benefit for pupils eligible for FSM. 
The COVID- 19 pandemic adversly impacted follow- up.

AUTHOR CONTRIBUTIONS
N. Innes and Z. Marshman took overall responsibility for the trial and 
writing the manuscript; H. Ainsworth was responsible for day- to- day 
trial management and contributed to reviewing the manuscript. C.M. 
Fairhurst wrote the statistical analysis plan and conducted the sta-
tistical analysis and contributed to writing and reviewing the manu-
script. K. Whiteside, D. Sykes, E. Turner and K. Hicks contributed 
to day- to- day trial coordination, data collection and to writing and 
reviewing the manuscript. A.D. Keetharuth and S. Dixon wrote the 
health economics plan and performed the economic evaluation and 
contributed to writing and reviewing the manuscript. S. El Yousfi 
contributed to the process evaluation, quantitative and qualitative 
data collection and analysis and to writing and reviewing the manu-
script. P.F. Day, S. Pavitt and I.G. Chestnutt contributed to the de-
sign of the study, data collection and to writing and reviewing the 
manuscript. I. Kellar contributed to the design of the intervention 
and to reviewing the manuscript. F. Gilchrist contributed to data 
collection and analysis of questionnaire data and to writing and 
reviewing the manuscript. M. Robertson contributed to data col-
lection, training/calibration for clinical examinations and to writing 
and reviewing the manuscript. C. Hewitt advised on the design and 
conduct of the trial and the statistical analysis and contributed to 
reviewing the manuscript. D. Dey contributed to the design of the 
intervention, recruitment of schools and contributed to reviewing 
the manuscript. D. Torgerson advised on the design and conduct of 
the trial and contributed to reviewing the manuscript. N. Seifo and 
W. Al- Yaseen contributed to data collection and to writing and re-
viewing the manuscript. M. Araujo contributed to data collection, 
training and calibration for clinical examinations and to writing and 
reviewing the manuscript; All authors gave final approval and agree 
to be accountable for all aspects of the work.

ACKNO WLE DG E MENTS
We thank all school staff, pupils and parents/carers who took part 
in the research. We would like to acknowledge the help of the 
BRIGHT Youth Forum and Lesley Pollard and Emma Manser from 
the Children & Young People's Empowerment Project (Chilypep) for 
their contributions to the design of the intervention and conduct of 
the trial and for their involvement and engagement, giving us young 
people's views, throughout the trial. We would like to thank Claire 
Jones from Health Informatics Centre at the University of Dundee 
and Alicia Ridout for contributing to the design of the interven-
tion. We are also grateful to the independent members of the Trial 
Steering Committee and the Data Monitoring and Ethics Committee 
for their expert advice, guidance and support throughout the trial 
and the Patient Public Involvement Representatives. We would like 
to thank members of the local research teams/dental teams for their 
hard work with schools including David Cooper (Education Lead, 
Batley Girls High School). Our thanks also go to staff from York 
Trials Unit, University of York for their contribution to this trial in-
cluding Louise Elliott, Andrew Haynes and Lyn Robinson- Smith. The 
research was funded by the National Institute for Health Research 
Health Technology Assessment Programme (15/166/08). ZM and 



    |  9INNES et al.

PFD are supported by the NIHR Applied Research Collaborations 
Yorkshire and Humber (NIHR ARC YH) NIHR200166 www. arc-  yh. 
nihr. ac. uk.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no potential conflicts of interest with respect to 
the authorship and/or publication of this article.

DATA AVAIL ABILIT Y S TATEMENT
The data set used and/or analysed during the current study is avail-
able from the corresponding author upon reasonable request. The 
full report for the trial can be found at the link on the NIHR HTA 
website. https://www.fundingawards.nihr.ac.uk/award/15/166/08.

ORCID
Nicola Innes  https://orcid.org/0000-0002-9984-0012 
Caroline Fairhurst  https://orcid.org/0000-0003-0547-462X 
Katie Whiteside  https://orcid.org/0000-0002-7610-5429 
Hannah Ainsworth  https://orcid.org/0000-0001-8461-2183 
Debbie Sykes  https://orcid.org/0000-0002-5726-9110 
Sarab El Yousfi  https://orcid.org/0000-0001-9295-9953 
Emma Turner  https://orcid.org/0000-0001-8173-0248 
Ivor G. Chestnutt  https://orcid.org/0000-0002-9228-800X 
Anju Keetharuth  https://orcid.org/0000-0001-8889-6806 
Simon Dixon  https://orcid.org/0000-0001-7394-7009 
Peter F. Day  https://orcid.org/0000-0001-9711-9638 
Nassar Seifo  https://orcid.org/0000-0001-9748-5216 
Fiona Gilchrist  https://orcid.org/0000-0002-0418-6274 
Katie Hicks  https://orcid.org/0000-0002-6424-0164 
Ian Kellar  https://orcid.org/0000-0003-1608-5216 
Waraf Al- Yaseen  https://orcid.org/0000-0002-7071-5074 
Mariana Araujo  https://orcid.org/0000-0002-4022-2105 
Donna Dey  https://orcid.org/0000-0002-0985-1210 
Catherine Hewitt  https://orcid.org/0000-0002-0415-3536 
Sue Pavitt  https://orcid.org/0000-0001-7447-440X 
Mark Robertson  https://orcid.org/0000-0002-0005-3044 
David Torgerson  https://orcid.org/0000-0002-1667-4275 
Zoe Marshman  https://orcid.org/0000-0003-0943-9637 

R E FE R E N C E S
 1. Gilchrist F, Marshman Z, Deery C, Rodd HD. The impact of dental 

caries on children and young people: what they have to say? Int J 
Paediatr Dent. 2015;25(5):327-338. doi:10.1111/ipd.12186

 2. Knapp R, Marshman Z, Gilchrist F, Rodd H. The impact of dental 
caries and its treatment under general anaesthetic on children 
and their families. Eur Arch Paediatr Dent. 2021;22(4):567-574. 
doi:10.1007/s40368- 020- 00591- 1

 3. Abed R, Bernabe E, Sabbah W. Family impacts of severe dental car-
ies among children in the United Kingdom. Int J Environ Res Public 
Health. 2020;17(1):109. doi:10.3390/ijerph17010109

 4. Pitts NB, Chadwick B, Anderson T. Children's dental health survey 
2013. Report 2: dental disease and damage in children. England, 
Wales and Northern Ireland. Health and Social Care Information 
Centre. Published 2015. Accessed June 15, 2021. https:// digit al. 

nhs. uk/ data-  and-  infor mation/ publi catio ns/ stati stical/ child ren-  s-  
denta l-  healt h-  survey/ child -  denta l-  healt h-  surve y-  2013-  engla nd-  
wales -  and-  north ern-  ireland

 5. Schwendicke F, Dorfer CE, Schlattmann P, Page L, Thomson W, 
Paris S. Socioeconomic inequality and caries: a systematic review 
and meta- analysis. J Dent Res. 2015;94(1):10-18.

 6. Macpherson LM, Rodgers J, Conway DI. Childsmile after 
10 years part 2: programme development, implementation and 
evaluation. Dent Update. 2019;46(3):238-246. doi:10.12968/
denu.2019.46.3.238

 7. Walsh T, Worthington HV, Glenny AM, Marinho VC, Jeroncic A. 
Fluoride toothpastes of different concentrations for preventing 
dental caries. Cochrane Database Syst Rev. 2019;3(3):CD007868.

 8. American Academy of Pediatric Dentistry. Guideline on adolescent 
oral health care. Pediatr Dent. 2015;37:151-158.

 9. Fernández CE, Maturana CA, Coloma SI, Carrasco- Labra A, 
Giacaman RA. Teledentistry and mHealth for promotion and pre-
vention of oral health: a systematic review and meta- analysis. J 
Dent Res. 2021;100(9):914-927. doi:10.1177/00220345211003828

 10. Toniazzo MP, Nodari D, Muniz FWMG, Weidlich P. Effect 
of mHealth in improving oral hygiene: a systematic review 
with meta- analysis. J Clin Periodontol. 2019;46(3):297-309. 
doi:10.1111/jcpe.13083

 11. Lima IFP, de Andrade VW, de Macedo BÍ, et al. Influence of re-
minder therapy for controlling bacterial plaque in patients undergo-
ing orthodontic treatment: a systematic review and meta- analysis. 
Angle Orthod. 2018;88(4):483-493. doi:10.2319/111117- 770.1

 12. Ofcom. Children and parents: media use and attitudes report 2022. 
Published August 18, 2022. Accessed February 13, 2023. https:// 
www. ofcom. org. uk/ resea rch-  and-  data/ media -  liter acy-  resea rch/ child 
rens/ child ren-  and-  paren ts-  media -  use-  and-  attit udes-  repor t-  2022

 13. Ofcom. Children and parents: Media use and attitudes report 2017. 
Published 2017. Accessed June 15, 2021. https:// www. ofcom. org. 
uk/__ data/ assets/ pdf_ file/ 0020/ 108182/ child ren-  paren ts-  media 
-  use-  attit udes-  2017. pdf

 14. Marshman Z, El- Yousfi S, Kellar I, et al. Development of a second-
ary school- based digital behaviour change intervention to improve 
tooth brushing. BMC Oral Health. 2021;21(1):546. doi:10.1186/
s12903- 021- 01907- 3

 15. Elyousfi S, Innes N, Leggett H, et al. Acceptability of the brush-
ing RemInder 4 good oral HealTh (BRIGHT) trial interven-
tion: a qualitative study of perspectives of young people and 
school staff. BMC Oral Health. 2022;22(1):1-12. doi:10.1186/
s12903- 022- 02073- w

 16. Marshman Z, Ainsworth H, Chestnutt IG, et al. Brushing RemInder 
4 good oral HealTh (BRIGHT) trial: does an SMS behaviour change 
programme with a classroom- based session improve the oral health 
of young people living in deprived areas? A study protocol of a 
randomised controlled trial. Trials. 2019;20(1):452. doi:10.1186/
s13063- 019- 3538- 6

 17. Crombie IK, Irvine L, Williams B, et al. Texting to reduce alcohol 
misuse (TRAM): main findings from a randomized controlled trial 
of a text message intervention to reduce binge drinking among 
disadvantaged men. Addiction. 2018;113:1609-1618. doi:10.1111/
add.14229

 18. Dombrowski SU, McDonald M, Van Der Pol M, et al. Game of 
stones: feasibility randomised controlled trial of how to engage 
men with obesity in text message and incentive interventions 
for weight loss. BMJ Open. 2020;10:e032653. doi:10.1136/
bmjopen- 2019- 032653

 19. Pitts N. “ICDAS”–an international system for caries detection and 
assessment being developed to facilitate caries epidemiology, re-
search and appropriate clinical management. Community Dent 
Health. 2004;21(3):193-198.

http://www.arc-yh.nihr.ac.uk
http://www.arc-yh.nihr.ac.uk
https://www.fundingawards.nihr.ac.uk/award/15/166/08
https://orcid.org/0000-0002-9984-0012
https://orcid.org/0000-0002-9984-0012
https://orcid.org/0000-0003-0547-462X
https://orcid.org/0000-0003-0547-462X
https://orcid.org/0000-0002-7610-5429
https://orcid.org/0000-0002-7610-5429
https://orcid.org/0000-0001-8461-2183
https://orcid.org/0000-0001-8461-2183
https://orcid.org/0000-0002-5726-9110
https://orcid.org/0000-0002-5726-9110
https://orcid.org/0000-0001-9295-9953
https://orcid.org/0000-0001-9295-9953
https://orcid.org/0000-0001-8173-0248
https://orcid.org/0000-0001-8173-0248
https://orcid.org/0000-0002-9228-800X
https://orcid.org/0000-0002-9228-800X
https://orcid.org/0000-0001-8889-6806
https://orcid.org/0000-0001-8889-6806
https://orcid.org/0000-0001-7394-7009
https://orcid.org/0000-0001-7394-7009
https://orcid.org/0000-0001-9711-9638
https://orcid.org/0000-0001-9711-9638
https://orcid.org/0000-0001-9748-5216
https://orcid.org/0000-0001-9748-5216
https://orcid.org/0000-0002-0418-6274
https://orcid.org/0000-0002-0418-6274
https://orcid.org/0000-0002-6424-0164
https://orcid.org/0000-0002-6424-0164
https://orcid.org/0000-0003-1608-5216
https://orcid.org/0000-0003-1608-5216
https://orcid.org/0000-0002-7071-5074
https://orcid.org/0000-0002-7071-5074
https://orcid.org/0000-0002-4022-2105
https://orcid.org/0000-0002-4022-2105
https://orcid.org/0000-0002-0985-1210
https://orcid.org/0000-0002-0985-1210
https://orcid.org/0000-0002-0415-3536
https://orcid.org/0000-0002-0415-3536
https://orcid.org/0000-0001-7447-440X
https://orcid.org/0000-0001-7447-440X
https://orcid.org/0000-0002-0005-3044
https://orcid.org/0000-0002-0005-3044
https://orcid.org/0000-0002-1667-4275
https://orcid.org/0000-0002-1667-4275
https://orcid.org/0000-0003-0943-9637
https://orcid.org/0000-0003-0943-9637
https://doi.org//10.1111/ipd.12186
https://doi.org//10.1007/s40368-020-00591-1
https://doi.org//10.3390/ijerph17010109
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland
https://doi.org//10.12968/denu.2019.46.3.238
https://doi.org//10.12968/denu.2019.46.3.238
https://doi.org//10.1177/00220345211003828
https://doi.org//10.1111/jcpe.13083
https://doi.org//10.2319/111117-770.1
https://www.ofcom.org.uk/research-and-data/media-literacy-research/childrens/children-and-parents-media-use-and-attitudes-report-2022
https://www.ofcom.org.uk/research-and-data/media-literacy-research/childrens/children-and-parents-media-use-and-attitudes-report-2022
https://www.ofcom.org.uk/research-and-data/media-literacy-research/childrens/children-and-parents-media-use-and-attitudes-report-2022
https://www.ofcom.org.uk/__data/assets/pdf_file/0020/108182/children-parents-media-use-attitudes-2017.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0020/108182/children-parents-media-use-attitudes-2017.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0020/108182/children-parents-media-use-attitudes-2017.pdf
https://doi.org//10.1186/s12903-021-01907-3
https://doi.org//10.1186/s12903-021-01907-3
https://doi.org//10.1186/s12903-022-02073-w
https://doi.org//10.1186/s12903-022-02073-w
https://doi.org//10.1186/s13063-019-3538-6
https://doi.org//10.1186/s13063-019-3538-6
https://doi.org//10.1111/add.14229
https://doi.org//10.1111/add.14229
https://doi.org//10.1136/bmjopen-2019-032653
https://doi.org//10.1136/bmjopen-2019-032653


10  |    INNES et al.

 20. Quigley GA, Hein JW. Comparative cleansing efficiency of man-
ual and power brushing. J Am Dent Assoc. 1962;65(1):26-29. 
doi:10.14219/jada.archive.1962.0184

 21. Marinho VC, Higgins JP, Sheiham A, Logan S. Fluoride toothpastes 
for preventing dental caries in children and adolescents. Cochrane 
Database Syst Rev. 2003;1:CD002278.

 22. Löe H, Silness J. Periodontal disease in pregnancy. I. Prevalence and 
severity. Acta Odontol Scand. 1963;21:533-551.

 23. Stevens M, Hainsworth KR, Weisman SJ, Layde PM. PedsQL per-
formance in the pediatric emergency department: can we use 
HRQOL for acute care outcomes?(FR). Quality Of Life Research. Vol 
20. Springer van godewijckstraat 30, 3311; 2012:96.

 24. Gilchrist F, Rodd HD, Deery C, Marshman Z. Development and 
evaluation of CARIES- QC: a caries- specific measure of quality of 
life for children. BMC Oral Health. 2018;18(1):202. doi:10.1186/
s12903- 018- 0662- 8

 25. Stevens K. Valuation of the child health utility 9D index. 
Pharmacoeconomics. 2012;30(8):729-747. doi:10.2165/115991 
20- 000000000- 00000

 26. Pitts NB, Stamm JW. International consensus workshop on caries 
clinical trials (ICW- CCT)—final consensus statements: agreeing 

where the evidence leads. J Dent Res. 2004;83(1_suppl):C125-C128. 
doi:10.1177/154405910408301s27

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Innes N, Fairhurst C, Whiteside K, 
et al. Behaviour change intervention for toothbrushing 
(lesson and text messages) to prevent dental caries in 
secondary school pupils: The BRIGHT randomized control 
trial. Community Dent Oral Epidemiol. 2024;00:1-10. 
doi:10.1111/cdoe.12940

https://doi.org//10.14219/jada.archive.1962.0184
https://doi.org//10.1186/s12903-018-0662-8
https://doi.org//10.1186/s12903-018-0662-8
https://doi.org//10.2165/11599120-000000000-00000
https://doi.org//10.2165/11599120-000000000-00000
https://doi.org//10.1177/154405910408301s27
https://doi.org/10.1111/cdoe.12940

	Behaviour change intervention for toothbrushing (lesson and text messages) to prevent dental caries in secondary school pupils: The BRIGHT randomized control trial
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Participating schools and pupils
	2.2|Randomisation and intervention
	2.3|Outcomes
	2.4|Statistical methods

	3|RESULTS
	3.1|School and participant recruitment and flow
	3.2|Baseline data
	3.3|Intervention implementation
	3.4|Primary outcome
	3.5|Secondary outcomes
	3.6|Economic evaluation

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


