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ABSTRACT
Introduction Tooth extraction due to dental caries is 
associated with socioeconomic deprivation and is a 
major reason for elective childhood hospital admissions 
in England. Consumption of sugar- sweetened beverages 
is a risk factor for dental caries. We examined whether 
the soft drinks industry levy (SDIL), announced in March 
2016 and implemented in April 2018, was associated 
with changes in incidence rates of hospital admissions for 
carious tooth extraction in children, 22 months post- SDIL 
implementation.
Methods Changes in incidence rates of monthly 
National Health Service hospital admissions for extraction 
of teeth due to a primary diagnosis of dental caries 
(International Classification of Diseases; ICD- 10 code: 
K02) in England, between January 2012 and February 
2020, were estimated using interrupted time series and 
compared with a counterfactual scenario where SDIL was 
not announced or implemented. Periodical changes in 
admissions, autocorrelation and population structure were 
accounted for. Estimates were calculated overall, by Index 
of Multiple Deprivation (IMD) fifths and by age group (0–4 
years, 5–9 years, 10–14 years, 15–18 years).
Results Compared with the counterfactual scenario, there 
was a relative reduction of 12.1% (95% CI 17.0% to 7.2%) 
in hospital admissions for carious tooth extractions in all 
children (0–18 years). Children aged 0–4 years and 5–9 
years had relative reductions of 28.6% (95% CI 35.6% to 
21.5%) and 5.5% (95% CI 10.5% to 0.5%), respectively; 
no change was observed for older children. Reductions 
were observed in children living in most IMD areas 
regardless of deprivation.
Conclusion The UK SDIL was associated with reductions 
in incidence rates of childhood hospital admissions for 
carious tooth extractions, across most areas regardless of 
deprivation status and especially in younger children.
Trial registration number ISRCTN18042742.

INTRODUCTION
Dental caries (tooth decay) is the most 
common non- communicable disease glob-
ally.1 In England, tooth extraction due to 
caries is the main reason for elective admis-
sion to hospital in children aged 5–9 years and 
nearly 90% of extractions in young children 

are due to decay.2 When left untreated, child-
hood dental caries is associated with pain, 
problems eating and socialising, and reduced 
school attendance. In England, approxi-
mately 60 000 school days are missed by chil-
dren each year due to tooth extractions in 
hospital.2 The requirement for general anaes-
thesia, which itself is associated with distress, 
tiredness and bleeding,3 is the primary reason 
children attend hospital for tooth extractions 
and is most common in young children (<4 
years) and when pain is widespread.4

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Dental extractions due to caries is the number one 
reason for children having an elective admission to 
hospital in England.

 ⇒ There is evidence for a strong relationship between 
consumption of sugar- sweetened beverages (SSBs) 
and the development of dental caries.

 ⇒ At present, there are no studies that have examined 
associations between SSB taxes and changes in 
childhood hospital admissions for carious tooth ex-
tractions, an indicator of severe dental decay.

WHAT THIS STUDY ADDS
 ⇒ Nearly 2 years after the soft drinks industry levy 
(SDIL) came into force, incident rates of hospital ad-
missions for carious tooth extractions fell in children 
by 12% compared with the counterfactual scenario 
of no implementation of SDIL.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ These findings add to the currently limited evidence 
base that SSB taxes can reduce hospital admissions 
for tooth extractions due to dental caries in children,

 ⇒ These effects were seen across the spectrum of 
deprivation suggesting widespread population 
benefits and particularly in preschool and primary 
school age children who have limited agency to 
make their own dietary decisions.
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Oral health among children has been improving for 
more than a decade, although large inequalities still 
exist, with children living in the most socioeconomically 
deprived areas having twice the number of decayed, 
missing (due to decay) and filled teeth (DMFT) as those 
from the least deprived.2 Population- level interventions 
that have the potential to improve oral health, partic-
ularly in early- life and in deprived communities, are 
an important component in addressing inequalities in 
oral health. A multitude of risk factors for dental caries 
have been identified including socioeconomic factors,5 
less- than- twice daily toothbrushing,6 frequent exposure 
to free dietary sugars1 and (in infants) frequent bottle 
feeding especially at bedtime.7 While the UK govern-
ment has concluded that water fluoridation is a safe and 
cost- effective way to reduce childhood tooth decay,5 it is 
not universally implemented. Furthermore, fluoridation 
schemes on their own are not sufficient to completely 
prevent tooth decay meaning additional interventions 
are necessary.1

WHO recommends added sugar should be limited to 
less than 10% of energy intake and that restricting sugars 
below 5% would provide further benefits to health, 
including dental health.1 In England, sugar- sweetened 
beverages (SSBs) are a major source of dietary added 
sugars in children, accounting for around 30% of added 
sugars in children 1–3 years and over 50% by late adoles-
cence.8 WHO has recommended taxation of SSBs in 
order to reduce consumption of sugar9 and to date over 
50 countries have implemented SSB taxes.10

In March 2016, the UK government announced a soft 
drinks industry levy (SDIL) with the aim of reducing 
sugar intake.11 The two- tier tax, which was implemented 
in April 2018, is designed to encourage manufacturers to 
reformulate their drinks rather than pass the tax on to 
the consumer. Manufacturers of soft drinks containing 
≥8 g of sugar/100 mL are subject to a levy of £0.24 /L 
and those with ≥5 to <8 g of sugar/100 mL are taxed at 
£0.18 /L. Soft drinks containing <5 g/100 mL sugar are 
not liable for the levy and 100% fruit juices, powder to 
make drinks, milk and milk- based drinks and drinks with 
1.2% alcohol by volume or more are exempt irrespective 
of sugar content. Through reformulation, the UK SDIL 
led to large reductions in the sugar levels in soft drinks12 
and there was a reduction in sugar purchased from soft 
drinks.13 Furthermore, the SDIL was found to be asso-
ciated with an 8% relative reduction in prevalence of 
obesity in girls aged 10/11 years who were in their last 
year of primary school education; however, this was not 
found in boys of the same age or in younger children who 
were in their first year of primary school.14

While the relationship between SSBs and dental caries 
is well established, there is limited evidence on the 
impacts of SSB taxes on oral health. One microsimulation 
study reported that an SSB tax alone was unlikely to have 
a significant impact on dental caries.15 However, other 
modelling studies have predicted that SSB taxes, based 

on a 20% tax16–18 or reformulation,19 would lead to reduc-
tions in dental caries and school absences attributable to 
dental health.20 These studies almost exclusively focus on 
age groups with permanent dentition, with some indi-
cating the greatest benefits in children aged 15–19 years16 
and 6–12 years,18 or in children16 and adults17 from lower 
income households.

We are aware of only one prior empirical study on a 
sugar tax and dental health. That study reported that 
taxes on unhealthy foods and drinks in Mexico were asso-
ciated with a reduction in dental caries in adults. Associa-
tions in children aged 1–12 years were lower than in adults 
and no associations were observed in children aged 1–5 
years.21 However, the study did not specifically examine 
tooth extractions due to dental caries—an indicator of 
more severe caries, especially in younger children.

We used hospital episode data from England to study 
changes in the incidence rates of hospital admission for 
carious tooth extraction in children in the 22 months 
following the implementation of the UK SDIL (1) overall, 
(2) by age and (3) by area- based deprivation.

METHODS
This study is registered (ISRCTN18042742) and the 
protocol published.22 This study is reported as per the 
REporting of studies Conducted using Observational 
Routinely collected health Data Statement (S1 Checklist). 
Data were provided to us in an aggregated and anony-
mised state and ethical approval was not required for 
analysis of these data.

Data source
We used Hospital Episode Statistics (HES) on hospital 
admission for dental extraction of one or more decid-
uous or permanent teeth due to a primary diagnosis of 
dental caries (International Classification of Diseases; 
ICD- 10 code: K02) in children aged 0–18 years in England 
attending a National Health Service (NHS) hospital. Data 
included in HES were grouped and summarised by (1) 
Index of Multiple Deprivation (IMD) quintile of the 
Lower Super Output Area (LSOA) of residence23 and (2) 
age groups 0–4, 5–9, 10–14, 15–18 years. In HES, patient 
age is calculated from patient date of birth and episode 
start date. LSOA of residence was determined from post-
code of residence. HES used the 2010 version of the IMD 
to rank LSOAs from least to most deprived and to assign 
records into fifths. Where postcodes were not recorded or 
where a link could not be made, records were excluded 
from the analysis (0.06%). The study period ran for 98 
months from January 2012 (study month 01) to February 
2020 (study month 98) and included the periods of the 
SDIL announcement (March 2016; study month 51) and 
implementation (April 2018; study month 76).

Statistical analysis
Interrupted time series (ITS) analyses were performed 
to determine associations between the announcement 
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and implementation of the SDIL and incidence rates of 
hospital admissions for carious tooth extractions (here-
after referred to as ‘hospital admissions’), in an overall 
model. Interaction terms revealed evidence of effect 
modification by age group and IMD quintile, thus further 
models were run for each age and deprivation category 
separately (online supplemental table S1). Modelling 
official statistics that reported numbers annually, we 
used polynomial regression to estimate groupwise (ie, 
age 0–4 years) population sizes in each study month.24 
Incidence rates of hospital admissions were then calcu-
lated by dividing the groupwise number of admissions 
by the respective estimated population size, multiplied 
by 100 000 to give an incidence rate (per 100 000 popula-
tion). Time series models were based on generalised least 
squares (GLS).

A data- driven approach, using calendar months, was 
used to determine periodic events associated with signif-
icant changes in hospital admissions. When calendar 
months were tested one- by- one, GLS models were final-
ised by including all the months that showed signifi-
cant changes in hospital admissions. Thus, models were 
adjusted for the months of October, December and 
March where there were statistically significant changes 
in incidence rates of hospital admissions.

Autocorrelation was determined using Durbin- 
Watson statistical tests and graphically using autocor-
relation and partial autocorrelation. For each model, an 
autocorrelation- moving average correlation structure was 
selected from a plurality of possible models, with main 
parameters including moving average (q) and order (p) 
adjusted to minimise the Akaike Information Criterion 
among the candidate models.

Preannouncement trends (study months 01–51) were 
used to estimate counterfactual scenarios. Absolute and 
relative differences in the incidence rates of hospital 
admissions were calculated by taking the difference 
between observed and counterfactual values at study 
month 98 (February 2020). Confidence intervals (CIs) 
of absolute and relative differences were estimated from 
standard errors that were calculated using the delta 
method.

The main analysis included a counterfactual based on 
a scenario in which there was no SDIL announcement 
or implementation. While SDIL implementation took 
place in April 2018, there is evidence that drinks refor-
mulation was underway some months before.12 However, 
since implementation marked a precise time when legal 
enforcement of the SDIL came into effect for eligible 
soft drinks, we conducted secondary analysis where coun-
terfactual scenarios were based on preimplementation 
trends (study months 01–76), rather than the prean-
nouncement trends in the main analysis. Changes to the 
published protocol are available on the online supple-
mental material.22 Statistical analyses were conducted in 
R V.4.1.0.

RESULTS
Over the 98- month study period, the mean incidence 
rate of hospital admissions fell from 31.0/100 000 popu-
lation/month (p/m) in the preannouncement period 
(January 2014 – March 2016) to 28.5/100 000 p/m in the 
postannouncement period (April 2016–February 2020) 
(table 1). Admissions followed a strong social gradient 
with incidence rates being around five times higher 
in those living in the most (61.6/100 000 p/m in the 
preannouncement period) versus least deprived areas 
(12.7/100 000 p/m). In terms of age, the highest inci-
dence rate was in the 5- to 9- year age group (66.2/100 
000 p/m in the preannouncement period), which was 
approximately six times higher than in the 15- to 18- year 
age group (11.1/100 000 p/m).

Association between the UK SDIL and hospital admissions for 
carious tooth extractions
Unless indicated otherwise, all estimates of change in 
hospital admissions stated below are based on values in 
February 2020 at study month 98 in relation to the coun-
terfactual scenario of no announcement or implementa-
tion of the UK SDIL.

Overall, in children aged 0–18 years, there was an abso-
lute reduction in hospital admissions of 3.7 (95% CI 5.2 
to 2.2)/1 00 000 p/m or a relative reduction of 12.1% 
(95% CI 17.0% to 7.2%) compared with the counterfac-
tual scenario (figures 1 and 2; online supplemental table 
S2).

Table 1 Mean incidence (SD) of hospital admissions/100 
000 population/ month for carious tooth extractions in the 
preannouncement* and postannouncement† periods of the 
UK SDIL, overall and by IMD quintiles and age group

Preannouncement* Postannouncement†

Total 
population

31.0 (2.5) 28.5 (2.5)

Deprivation quintile

  IMD1 (most 
deprived)

61.6 (5.2) 57.7 (4.7)

  IMD2 38.1 (3.3) 34.7 (3.7)

  IMD3 24.3 (2.4) 22.1 (2.2)

  IMD4 16.7 (1.8) 15.7 (1.6)

  IMD5 (least 
deprived)

12.7 (1.2) 11.8 (1.3)

Age group (years)

  0–4 21.5 (2.1) 18.3 (2.3)

  5–9 66.2 (5.5) 60.7 (5.4)

  10–14 21.1 (2.0) 18.8 (1.7)

  15–18 11.1 (1.2) 9.4 (1.1)

*Preannouncement period equates to the dates up to and 
including, January 2014–March 2016.
†Postannouncement period equates to the dates up to and 
including, April 2016–February 2020.
IMD, Index of Multiple Deprivation; SDIL, soft drinks industry levy.
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Figure 1 Changes in incidence/100 000 population/month of hospital admissions for carious tooth extractions (95% CIs), 
overall and by Index of Multiple Deprivation (IMD) fifth at 22 months postimplementation of the UK SDIL. SDIL, soft drinks 
industry levy.

Figure 2 Incidence per 100 000 population per month of hospital admissions for carious tooth extractions, in children aged 
0–18 years between January 2012 and February 2020. Observed and modelled incidence of hospital admissions for carious 
tooth extractions is shown. Dark blue points show observed data and dark blue lines (with grey shadows) show modelled data 
(and 95% CIs) of incidence. The red line indicates the counterfactual line based on the pre- SDIL announcement trend (based on 
the announcement and implementation having not occurred). The first and second dashed vertical lines indicate the time of the 
SDIL announcement and implementation, respectively. SDIL, soft drinks industry levy.

 on N
ovem

ber 16, 2023 by guest. P
rotected by copyright.

http://nutrition.bm
j.com

/
B

M
JN

P
H

: first published as 10.1136/bm
jnph-2023-000714 on 14 N

ovem
ber 2023. D

ow
nloaded from

 

http://nutrition.bmj.com/


5Rogers NT, et al. bmjnph 2023;0:e000714. doi:10.1136/bmjnph-2023-000714

BMJ Nutrition, Prevention & Health 

Significant reductions in hospital admissions were 
observed in children living in all areas regardless of depri-
vation, apart from the middle (IMD3) quintile (figures 1 
and 3; online supplemental table S2). For example, chil-
dren living, in the second most deprived areas (IMD2) 
had a relative reduction in hospital admissions of 16.8% 
(95% CI 22.4% to 11.3%). In visualisations, a steep diver-
gence between counterfactual and observed models is 
observed in IMD2 soon after the SDIL announcement 
followed by notable flattening of the observed model 
following SDIL implementation (figure 3).

The youngest children had notable reductions in 
hospital admissions. For example, in children aged 
0–4 years, a relative reduction of 28.6% (95% CI 35.6% 
to 21.5%) was observed (figures 4 and 5; online supple-
mental table S2). In this age group, rapid divergence 

between counterfactual and observed models was seen 
shortly after the SDIL announcement and continued 
with a slight flattening of the slope following implemen-
tation. A relative reduction of 5.5% (95% CI 10.5% to 
0.5%) was observed for hospital admissions in children 
aged 5–9 years, the age group with the greatest number 
of extractions (table 1). No significant changes were 
observed in children in age groups 10–14 years and 15–18 
years.

Visualisations of the ITS models revealed notable 
troughs in hospital admissions in December and peaks in 
October and March. This may reflect periods with fewer 
elective surgeries due to public and school holidays, 
preceded or followed by catch- up periods.

In secondary analysis, we found that compared with 
the counterfactual scenario (of announcement but no 

Figure 3 Incidence per 100 000 population per month of hospital admissions for carious tooth extractions, in children aged 
0–18 years between January 2012 and February 2020, by Index of Multiple Deprivation (IMD) fifth. Observed and modelled 
incidence of hospital admissions for carious tooth extractions is shown. Dark blue points show observed data and dark blue 
lines (with grey shadows) show modelled data (and 95% CIs) of incidence. The red line indicates the counterfactual line based 
on the pre- SDIL announcement trend (based on the announcement and implementation having not occurred). The first and 
second dashed vertical lines indicate the time of the SDIL announcement and implementation, respectively. SDIL, soft drinks 
industry levy.  on N
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implementation), there was no associated change in 
hospital admissions in children, overall (online supple-
mental table S3). Absolute reductions in hospital admis-
sions of 3.3 (95% CI 0.7 to 6.0) were observed in children 
living in the most deprived areas, but there were increases 
relative to the counterfactual in children living in IMD2 
and IMD3 and in all age groups except in children aged 
5–9 years, where prevalence estimates were similar to the 
counterfactual.

DISCUSSION
This is the first study we are aware of to use real- world data 
to examine the relationship between the UK SDIL and 
dental health. Compared with the counterfactual of no 
SDIL, we found a 12.1% (95% CI 17.0% to 7.2%) relative 
reduction in incidence rates of hospital admissions for 
carious tooth extractions in children 22 months following 
the UK SDIL implementation. Based on a population of 
12 699 899 children aged 0–18 years in England in 2020, 
this reduction equates to an estimated 5638 averted cases 
of hospital admissions per annum.25 Reductions in the 
incidence rates of hospital admissions were observed in 
all deprivation groups except the middle quintile. Reduc-
tions in hospital admissions were greatest in younger 
children aged 0–4 years and 5–9 years, with absolute 
reductions of 6.5 and 3.3/100 000 p/m, respectively. This 
is an important finding given that children in the 5–9 age 

group are the most likely to be admitted to hospital for 
carious tooth extractions under general anaesthesia.26 
Incidence rates remained unchanged in older age groups 
(10–14 years and 15–18 years).

Strengths and limitations
This study had several strengths. First, routinely 
collected HES data are not subject to response bias and 
instead capture all NHS attendances for carious tooth 
extraction. The requirement for critical care hospital 
support for dental extractions precludes similar activity 
in most private UK facilities meaning we are likely to 
have captured almost all relevant events (with only 0.6% 
of admissions excluded from analysis due to non- IMD 
linkage). Second, the availability of area- based sociode-
mographic data meant that hospital admissions could be 
examined by IMD group. Furthermore, changing popula-
tion sizes across different sociodemographic groups were 
accounted for over time, making our effect estimates 
more precise. Third, availability of monthly HES data 
prior to the announcement of SDIL meant that we could 
base our counterfactual scenarios on 4 years of observed 
data. This meant we could both detect and statistically 
account for predictable cyclical variations in extractions 
across the calendar year. Such temporally sensitive anal-
ysis could not have been conducted with the other main 
source of data on children’s oral health, the Children’s 

Figure 4 Changes in incidence/100 000 population/month of hospital admissions for carious tooth extractions (95% CIs), by 
age group, at 22 months postimplementation of the UK SDIL. SDIL, soft drinks industry levy.
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Dental Health Survey that takes place only every second 
year.27

A comparable control group was not available, which 
limits our ability to fully attribute the observed changes in 
hospital admissions to the SDIL. It is therefore important 
to consider other factors that may have influenced the 
outcome. To our knowledge, the only other national 
intervention with the potential to impact substantially on 
dental public health was the sugar reduction programme 
(2015–2020).28 This aimed to achieve a 20% reduction 
in the sugar sold in food products, but only achieved a 
3.5% reduction. Nevertheless, this programme, along-
side the SDIL, may have raised public awareness of sugar 
consumption. Similarly, since December 2016 nutritional 
labelling has become compulsory on many prepack-
aged foods, including for example, adding the words 
‘with sugar(s)’, which may have influenced consumer 

buying habits.29 Recent evidence suggests that colour- 
coded labels such as traffic light labelling system and 
Nutri- Score labelling performed well in promoting the 
purchasing of healthful products while nutrient- warning 
and health- warning labels discouraged unhealthful 
purchasing of food products.30 We are also not aware 
of notable changes in clinical practice during the study 
period. In fact, it was over a decade prior to the start point 
of our data (in 2000) when new regulations required 
that all dental general anaesthetics were carried out in 
hospital.31 Guidelines on improving preoperative paedi-
atric care by involving specialists have been published.32 
A study using retrospective records found that when 
assessment by a specialist does occur, the need for dental 
general anaesthetic (DGA), relative to referral request 
for DGA, may sometimes be avoided.33 However, children 
with severe decay is a main reason for DGA34 and with 

Figure 5 Incidence per 100 000 population per month of hospital admissions for carious tooth extractions, in children aged 
0–18 years between January 2012 and February 2020, by age group. Observed and modelled incidence of hospital admissions 
for carious tooth extractions is shown. Dark blue points show observed data and dark blue lines (with grey shadows) show 
modelled data (and 95% CIs) of incidence. The red line indicates the counterfactual line based on the pre- SDIL announcement 
trend (based on the announcement and implementation having not occurred). The first and second dashed vertical lines indicate 
the time of the SDIL announcement and implementation, respectively. SDIL, soft drinks industry levy.
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well- documented shortages of specialists in paediatric 
care, alternative pathways are not widely in place and 
DGA remains the most common reason children having 
an elective hospital admission in England.35 Additionally, 
there is evidence that not all NHS trusts will report activity 
using the HES system, for example, in 2019 ~25% of DGA 
providers did not appear on the HES dataset potentially 
leading to an underestimation in the levels of hospital 
admissions for tooth extractions;36 however, at present 
there is no longitudinal evidence suggesting variation in 
DGA providers in the HES dataset over the study period. 
A recent review on the variation in use of DGA in children 
found sociodemographic differences by age, deprivation, 
geographical location, ethnicity and service provision 
by health services.26 In this study, we were able to study 
hospital admissions for carious tooth extractions by child 
age group and level of area deprivation (recognised as 
the most important confounders for caries)37; however, 
we were unable to study by other potentially informative 
factors due to lack of available data.26 We were unable to 
account for presence or changes in water fluoridation 
levels in the analysis because geolocation (LSOA) data 
are not made available to researchers. We note the strong 
evidence that associates water fluoridation schemes with 
reductions in dental caries38 but also caution that the use 
of water fluoridation in the UK (which is devolved to local 
authorities) is both geographically limited and tempo-
rally inconsistent. For example, optimal fluoridation of 
potable water occurred in 10.9% of LSOAs in 2014, but 
just 6.3% in 2016.39 The results of this analysis are contin-
gent on the modelled counterfactual based on 4 years of 
data prior to the intervention.

Comparison with other studies and interpretation of results
We are aware of only a few studies that have estimated the 
potential impacts of sugar taxes on dental caries in young 
children (<5 years) using either health impact modelling19 
or empirical data.21 In contrast to our findings of greatest 
effects in younger groups, a modelling study predicted 
the SDIL would have greatest relative reductions in DMFT 
in English children aged 11–18 years as they had the 
highest baseline SSB consumption.19 That study, as well as 
using DMFT rather than incident hospital admissions for 
tooth extractions, assumed a uniform effect of sugar (and 
SSBs) on children’s teeth. Our contrasting findings may 
be explained by the intrinsic compositional differences 
between deciduous and permanent teeth.19 Deciduous 
teeth have a thinner enamel covering than permanent 
teeth which typically begin to erupt in children after 6 
years of age. This means that the relationship between 
SSB consumption and caries may be stronger in younger 
than in older children. Thus, the timeline of permanent 
teeth eruption is an important factor to account for when 
comparing the impact of oral health interventions on chil-
dren of different ages.40 Furthermore, a marked improve-
ment in oral hygiene occurs as children age with a major 
turning point estimated to occur when children reach the 
age of approximately 11.41 This may increase protection 

from dental caries and may reduce the impact of any soft 
drink reformulation intervention, in older compared 
with younger children who may adopt a less effective 
brushing technique. As children age, they have increased 
autonomy for selecting their own food and drink. While 
it is possible that older children might be more likely to 
increase their consumption of sugar from other sources 
in order to compensate for lost sugar, through reformula-
tion, previous studies have found no change in the level 
of sugar being purchased from food sources typically high 
in sugar such as confectionery, following the implementa-
tion of the SDIL.13

Age- related differences in feeding practices may also 
be an important reason, not factored into the previous 
modelling study, that could explain why younger chil-
dren may appear to disproportionately benefit from 
SDIL- prompted reformulation.19 Expert opinion advises 
that use of infant bottles and sippy cups, especially those 
containing SSBs, should be avoided in the hour before 
bedtime because it increases the risk of dental caries 
due to a dramatic reduction in saliva production during 
sleep; ultimately leading to slow removal of dietary free 
sugars and in turn a low pH and a prolonged period of 
demineralisation of the teeth.42 One study found that 
approximately 50% of 4- year olds use a sippy cup and 
11% continue to use an infant bottle.43 The use of these 
drinking vessels is likely to be rare in older children and 
thus in the context of SSBs and SDIL, infant bottles and 
sippy cups may therefore represent a unique risk factor in 
younger age groups that warrants further investigation.

In contrast to our findings, an empirical study exam-
ining taxes on unhealthy food and drink in Mexico 
reported reductions in dental caries in older children 
and adults but not children aged 1–5 years.21 Structural 
differences in the Mexican and UK taxes may explain 
these differences. In Mexico, the volume- based tax was 
fully passed on to the consumer in the form of increasing 
retail prices44 but there was no incentivisation for manu-
facturers to reformulate and reduce the sugar content of 
SSBs. In contrast, the UK SDIL was based on sugar density 
and was designed to encourage manufacturers to refor-
mulate soft drinks, which they did.12 Furthermore, the 
Mexico study examined incident dental caries rather than 
the more severe carious dental extractions, precluding a 
direct comparison.

We observed reduced incidence rates of tooth 
extractions in children from all IMD fifths, except the 
middle group (IMD3). In contrast, a previous modelling 
study suggested SSB taxes would lead to greatest reduc-
tions in caries in the lowest income groups as they have 
the highest baseline SSB consumption.16 One potential 
reason why we did not find a clear trend in effect by IMD 
is that water fluoridation is more common in the most 
deprived areas in England. Nearly one- fifth (18.7%) of 
the population of England living in areas with fluoridated 
drinking water live in the most deprived tenth of areas.45 
This additional protective factor was not considered in 
the modelling study.16
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Our finding of an overall reduction in hospital admis-
sions associated with the SDIL was not replicated in 
secondary analysis where the interruption point was 
moved to the date of SDIL implementation. This suggests 
that the biggest benefits to oral health occurred in the 
period between the SDIL announcement and implemen-
tation, when most reformulation took place.12

Conclusion
Using administrative data on hospital admissions, we 
found the announcement of the UK SDIL was associated 
with improvements in the incidence of hospital admis-
sions for tooth extractions due to dental caries. These 
benefits were observed in children living in most areas 
regardless of deprivation and particularly in the youngest 
children (<9 years). This study provides evidence of 
possible benefits to children’s health from the UK SDIL 
beyond obesity which it was initially developed to address.
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1Change in incidence rate (n/100,000 population/month) 

 

Table S1: Coefficients of interaction between study phases, IMD and age-groups. 

 

 Estimate1 Standard error P-value 

IMD fifths    

Phase: Pre-announcement    

IMD1 (least deprived) ref ref ref 

IMD2 0.01 0.03 0.67 

IMD3 -0.01 0.03 0.67 

IMD4 0.02 0.03 0.44 

IMD5 (most deprived) -0.06 0.08 0.03* 

Phase: Post-announcement - pre-implementation 

IMD1 (least deprived) ref ref ref 

IMD2 -0.03 0.08 0.71 

IMD3 -0.04 0.08 0.60 

IMD4 -0.19 0.08 0.01* 

IMD5 (most deprived) 0.04 0.08 0.61 

Post-implementation phase 

IMD1 (least deprived) ref ref ref 

IMD2 0.01 0.12 0.92 

IMD3 0.06 0.12 0.64 

IMD4 0.13 0.12 0.29 

IMD5 (most deprived) -0.18 0.12 0.14 

Age groups    

Phase: Pre-announcement    

0-4 years ref ref ref 

5-9 years -0.10 0.03 0.0007* 

10-14 years -0.05 0.03 0.07 

15-18 years -0.04 0.03 0.21 

Phase: Post-announcement - pre-implementation 

0-4 years ref ref ref 

5-9 years 0.17 0.08 0.04* 

10-14 years 0.14 0.08 0.07 

15-18 years 0.14 0.08 0.09 

Phase: Post-implementation 

0-4 years ref ref ref 

5-9 years -0.2 0.13 0.13 

10-14 years <0.01 0.13 1.00 

15-18 years -0.01 0.13 0.93 
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Table S2: Changes1 in incidence/100,000 population/month of hospital admissions for carious tooth extractions (95% confidence 

intervals), overall and by Index of multiple deprivation (IMD) fifth and age group at 22 months post-implementation of the UK SDIL. 

 

1Absolute and relative changes compared to the counterfactual scenario, which is based on a scenario of no SDIL announcement 

and no implementation 

  

 Absolute change  Relative change (%) 

Total population -3·7(-2.2, -5·2) -12.1(-17·0, -7·2) 

Deprivation fifths   

     IMD1 (most deprived) -3·1(-0·4, -5·7) -5·4(-10·0, -0·75) 

     IMD2 -6·6(-4·4, -8·8) -16·8(-22·4, -11·3) 

     IMD3 -1·6(0·49, -3·62) -6·8(-15·6, 2·1) 

     IMD4 -2·0(-1·06, -2·9) -11·7(-17·2, -6·2) 

     IMD5 (least deprived) -0·9(-0·2, -1·5) -7·2(-12·5, -1·9) 

Age Group (years):   

     0-4 -6·5(-4·9, -8·1) -28·6(-35·6, -21·5) 

     5-9 -3·3(-0·3, -6·4) -5·5(-10·5, - 0·5) 

     10-14 0·2(1·3, -0·8) 1·21(-4·4, 6·8) 

     15-18 -0·41(0·39, -1·2) -4·95(-14·5, 4·62) 
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Table S3: Changes1 in incidence /100,000 population/month of hospital admissions for carious tooth extractions (95% confidence intervals), 

overall and by Index of multiple deprivation (IMD) fifth and age group at 22 months post SDIL implementation (secondary analysis). 

 

1Absolute and relative changes compared to the counterfactual scenario, which is based on a scenario of an SDIL 

announcement but no implementation 

 Absolute change  Relative change (%) 

Total population 1·32(2·8, -0·19) 5·11(-0·7, 11·0) 

Deprivation fifths   

     IMD1 (most deprived) -3·3(-0·7, -6·0) -5.8(-10·4, -1·2) 

     IMD2 3·95(6·1, 1·8) 13.7(6·1, 21·3) 

     IMD3 2·1(4·18, 0·07) 10.9(0·36, 21·4) 

     IMD4 0·3(1·2, -0·7) 1.9(-4·4, 8·2) 

     IMD5 (least deprived) -0·1(0·6, -0·7) -0.8(-6·4, 4·9) 

Age group (years)       

      0-4 2·5(4·1, 0·9) 18·6 (6·9,  30·2) 

      5-9 -0·7(2·4, -3·8) -1·1(-6·4, 4·1) 

      10-14 2·5(3·6, 1·5) 15·4(9·0, 21·8) 

      15-18 1·9(2·7, 1·1) 30·6(17·4, 43·7) 
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Changes to Protocol 

Several substantive changes were made to the published protocol. Study outcomes were 

initially planned to be by age and deprivation and then further by gender. However, cases 

per 100,000 population of hospital admissions for dental extraction for dental caries each 

month, were deemed too small to further stratify by gender. For the same reason, our 

original plans to examine hospital admission by IMD tenths was revised to IMD fifths. It 

was planned that acute cases of asthma or appendectomy could be used as a control 

group however relatively unstable incidence rates by deprivation and during the study 

period made these conditions unsuitable as controls. The study period was ended two 

months earlier than planned because of the national lockdown due to the COVID-19 

pandemic which began in March 2020. 
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UK soft drinks levy linked to fall in child hospital admissions for tooth 
extraction 
 
2018 legislation may have saved more than 5,500 hospital admissions for tooth 
extractions 

The UK soft drinks industry levy introduced in 2018 may have reduced the number of 
under 18s having a tooth removed due to tooth decay by 12%, suggests research 
published in the open access journal BMJ Nutrition, Prevention & Health.  

The fall in hospital admissions may have saved more than 5,500 hospital admissions 
for tooth decay alone and the largest reductions were in children aged up to nine 
years old. 

Sugar-sweetened drinks account for around 30% of the added sugars in the diets of 
children aged one to three years and over 50% by late adolescence. In England, 
nearly 90% of all tooth extractions in young children are due to decay, resulting in 
around 60,000 missed school days a year.  

The World Health Organization has recommended a tax on sugar-sweetened drinks 
to reduce sugar consumption, which more than 50 countries have implemented. 

In March 2016, the UK government announced a soft drinks industry levy or ‘sugar 
tax’, which aimed to reduce sugar intake by encouraging drinks manufacturers to 
reformulate their products. The levy was implemented in April 2018.  

While the relationship between sugar-sweetened drinks and tooth decay is well 
established, no studies have used real-world data to examine the relationship 
between the levy and dental health.  

To address this, the researchers analysed hospital admissions data for tooth 
extractions due to tooth decay in children aged 0 to 18 years old in England from 
January 2014 to February 2020, four years before to almost two years after the levy 
was introduced. They studied trends overall as well as broken down by 
neighbourhood deprivation and age groups.  

Overall, in children aged 18 and under, there was an absolute reduction in hospital 
admissions of 3.7 per 100,000 population per month compared to if the soft drinks 
levy had not happened. This equated to a relative reduction of 12% compared to if 
the levy was not introduced. 

Based on a population of nearly 13,000,000 children aged 0–18 years in England in 
2020, the researchers estimated that the reduction avoided 5,638 admissions for 
tooth decay.  

Reductions in hospital admissions were greatest in younger children aged 0–4 years 
and 5–9 years, with absolute reductions of 6.5 and 3.3 per 100,000 respectively.  

Dr Nina Rogers from the Medical Research Council (MRC) Epidemiology Unit at the 
University of Cambridge, the study’s first author, said: “This is an important finding 



given that children aged five to nine are the most likely to be admitted to hospital for 
tooth extractions under general anaesthesia.” 

No significant changes in admission rates for tooth decay were seen in older age 
groups of 10–14 years and 15–18 years. However, reductions in hospital admissions 
were seen in children living in most areas regardless of deprivation.  

This is an observational study so causality can’t be established, and the researchers 
acknowledge there was no comparable control group so they could not fully attribute 
the changes in hospital admissions to the soft drinks levy.  

What’s more, they say other national interventions such as the sugar reduction 
programme and compulsory nutrition labels alongside the levy may have raised 
public awareness of sugar consumption and influenced buying habits.  

Nevertheless, they conclude that their study “provides evidence of possible benefits 
to children’s health from the UK soft drinks industry levy beyond obesity which it was 
initially developed to address.”  

*Professor David Conway, co-author, and professor of dental public health at 
University of Glasgow said: “Tooth extractions under general anaesthesia is among 
the most common reasons for children to be admitted to hospital across the UK. This 
study shows that ambitious public health policies such as a tax on sugary drinks can 
impact on improving child oral health.” 

*Professor Sumantra Ray, Executive Director of the NNEdPro Global Centre for 
Nutrition & Health, said: “We welcome the publication of this research which 
attempts to draw the links between policy-level changes and the impact on early life 
oral/dental health outcomes which, if untoward, would produce a significant onward 
burden on dental services through the life course.”  

He added: “The economic effects of this are more pronounced given current 
challenges in the provision of far-reaching dental health coverage both in countries 
with nationalised healthcare systems as well as others. Whilst there are 
methodological limitations in this study in regard to causal inference, this paper 
provides the basis for the design of further policy sensitive research investigating 
these relationships in a manner that clearly links cause and effect.” 
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