Lifetable model data inputs



Population
We modelled outcomes for the English population, from a baseline year of 2015. For closed cohort analyses we started simulations with the population cohort aged 0 in 2015. For open cohort analyses, we started simulations with the 2015 population of children and adolescents (under 18 years) and added new cohorts every five years over the time horizon of analyses. The baseline population numbers were taken from the Office for National Statistics (ONS), by age, sex and quintile of Index of Multiple Deprivation (IMD) [1]. Future cohort numbers (births) were taken from ONS population projections (principal projection) [2]. Since the projections did not account for differences by IMD, we assumed that the proportional distribution of the 0-4 age group population across IMD quintiles in 2015 would remain constant out to 2025.
Mortality 
We derived all-cause mortality rates by age, sex and IMD quintile from ONS counts of population and deaths (S1 Fig) [1]. Numbers were interpolated by single year of age, for modelling, using a smoothing spline model.
[image: ]
[bookmark: _Ref151717813]S1 Fig All-cause mortality by age, sex and Index of Multiple Deprivation quintile (Q1 is most deprived; Q5 is least deprived)
Overweight and obesity
Analysis of Health Survey for England data showed BMI to be log-normally distributed. We derived mean and standard deviation of the BMI distribution, by five-year age group, sex and IMD quintile, from the Health Survey for England in 2015. Prevalence of overweight and obesity were determined using BMI cut-offs defined by the International Obesity Taskforce [3]. Base case prevalence is illustrated for children (2-18 years) and adults (≥18 years) in S2 Fig. We excluded children under age two from the BMI analyses due to an absence of BMI data and an absence of evidence on the effects of kilocalorie changes at these ages.
[image: ]
[bookmark: _Ref151717866]S2 Fig Prevalence of healthy weight, overweight and obesity, in England in 2015, by Index of Multiple Deprivation quintile (Q1 is most deprived; Q5 is least deprived)
Calculating effect of change in sugar intake
To calculate the effect of change in sugar intake on BMI, we first estimated average body weight in kilograms in 2015 from baseline BMI values and average height, which we derived by age, sex and IMD quintile from the Health Survey for England. Assuming a kilocalorie content of sugar of 3.75 kcal/g [4], we then estimated change in body weight due to the SDIL using energy balance equations derived by Hall et al for children and adults [5,6]:
Boys:	
Girls:	
Adults (18+ years):	
	where 
Using the new weight and assuming no change in height, we determined the change in mean BMI, by age, sex and IMD quintile. From the change in mean BMI, we then determined the change in shape and scale of the lognormal BMI distribution, due to the SDIL.
The impact of changes in BMI on all-cause mortality was estimated using hazard ratios from a meta-analysis of individual participant data from 239 prospective studies by the Global BMI Mortality Collaboration (S1 Tab) [7]. 
[bookmark: _Ref151717916]S1 Tab All-cause mortality hazard ratios7
	BMI category
	Hazard ratios (95% confidence interval)

	
	Men
	Women

	15 to <18.5
	1.83 (1.66 to 2.02)
	1.53 (1.44 to 1.62)

	18.5 to <25
	1.00 (0.98 to 1.02)
	1.00 (0.98 to 1.02)

	25 to <30
	1.12 (1.11 to 1.13)
	1.08 (1.07 to 1.10)

	30 to <35
	1.70 (1.63 to 1.77)
	1.37 (1.34 to 1.40)

	35 to <40
	2.68 (2.54 to 2.83)
	1.86 (1.79 to 1.93)

	40 to <60
	4.24 (3.77 to 4.76)
	2.73 (2.57 to 2.91)



Dental caries 
We derived current rates of dental caries in deciduous and permanent teeth, by age and IMD quintile, from data collected in the Children’s Dental Health Survey 2013 [8] and the Adult Dental Health Survey 2009 [9].
In analyses of the Children’s Dental Health Survey, we derived prevalence of any decayed, missing or filled teeth (dmft/DMFT) that were deciduous (dmft>0) or permanent (DMFT>0), and the mean number of dmft or DMFT among prevalent cases.
To derive prevalence and DMFT rates in the Adult Dental Health Survey, we first had to derive DMFT in dentate adults by summing numbers of decayed, missing and filled teeth. Since the adult survey did not record reasons for tooth absence, we adjusted rates to exclude teeth missing for reasons other than dental caries, using estimates from the oral health literature. We carried out this adjustment in two steps.
First, we reduced the mean number of missing teeth to account for congenital tooth absence. Meta-analysis of hypodontia studies suggests that around 7% of Europeans have congenital absence of one or more teeth [10]. From the distribution of number of missing teeth in the European studies, we estimated the mean number of congenitally missing teeth to be 1.95. 
Second, we reduced the remaining number of missing teeth to account for extraction due to periodontal disease, trauma, and other causes not related to dental caries. Surveys of dental practices in the UK, suggest that just over half of tooth extractions are due to dental cares, with the exact proportion varying by age (S2 Tab) [11,12].
Finally, having adjusted for unrelated causes of missing teeth in the dentate population, we determined DMFT rates in the whole population by adjusting for the prevalence of edentulism (absence of all teeth), which was recorded in the Adult Dental Health Survey (S3 Fig). 
The final rates derived for input to the modelling are shown in S4 Fig (dental caries prevalence) and S5 Fig (dmft/DMFT rates in prevalent cases).
[bookmark: _Ref151717964]S2 Tab Proportion of tooth extractions due to caries (derived from data in McCaul et al [11])
	Age group (years)
	Proportion due to caries

	0–10
	45%

	11–20
	38%

	21–30
	85%

	31–40
	65%

	41–50
	55%

	51–60
	39%

	61–70
	45%

	71+
	46%

	All ages
	55%




[bookmark: _Ref151718109]S3 Fig Prevalence of edentulism, by age and Index of Multiple Deprivation quintile (Q1 is most deprived; Q5 is least deprived).

[bookmark: _Ref151718117]S4 Fig Prevalence of decayed, missing and filled deciduous (dmft>0) and permanent (DMFT>0) teeth, by age at time of survey and Index of Multiple Deprivation quintile (qimd: Q1 is most deprived; Q5 is least deprived. Error bars reflect 95% confidence interval).

[bookmark: _Ref151718124]S5 Fig Mean number of decayed, missing and filled deciduous (dmft) and permanent (DMFT) teeth, by age at time of survey and Index of Multiple Deprivation quintile (Q1 is most deprived; Q5 is least deprived).

Calculating effect of change in sugar intake
To calculate the effect of change in sugar intake on dental caries, we applied a dose-response relationship, which we derived from the oral health literature. In a systematic review, Moynihan and Kelly [13] identified 55 studies on the relationship between sugar intake and dental caries. Data from these studies consistently demonstrated a relationship between the amount of sugar consumed and development of dental caries in both children and adults. Variability in metrics prevented meta-analysis and quantification of a dose-response relationship from the studies in the Moynihan and Kelly review. However, a dose-response relationship was estimated in a more recent longitudinal study of sugar consumption and dental caries in Finland [14]. In this analysis of data from three national surveys (2000, 2004 and 2011), Bernabe et al found an average increase of 0.09 DMFT (95% CI: 0.02 to 0.15) for every additional 10 g per day of sugars consumed. For the SDIL analyses, we applied this dose-response relationship to determine change in permanent teeth (DMFT) and assumed the same dose-response relationship for deciduous teeth (dmft), given the consistency of evidence for children and adults in the earlier systematic review.
Quality of life
We quantified the impact of changes in overweight and obesity and dental caries on quality of life in quality-adjusted life years (QALYs). QALYs were calculated by multiplying lifetable model predictions of years of life lived by quality-of-life weights that range from 0 (death) to 1 (full health). Background quality-of-life was estimated in the model by age, sex and IMD quintile, using a regression of utility weights by Love-Koh et al [15] using the standard European EQ-5D health state measurement instrument in Health Survey for England data.
Calculating effect of change in overweight/obesity and dental caries
Being overweight or obese or having dental caries impacts on quality of life. In model simulations, we adjusted background quality of life based on the changing prevalence of these conditions, due to the SDIL, and the quality of life associated with each condition (S3 Tab). 
Utility weights associated with dental caries were taken from a UK catalogue of EQ-5D scores [16]. Utility weights associated with different levels of BMI were sourced separately for children and adults: values for children/adolescents from a meta-analysis of utility studies in populations under 18 years [17]; and values for adults from an EQ-5D study of participants in the Health Survey for England [18].
Since the utility weights were sourced from different studies, we standardised the weights applied in the modelling, using the mean utility weight measured in the associated study population or, in the case of the meta-analysis, using a mean value estimated from the utilities across all BMI categories.

[bookmark: _Ref151718182]S3 Tab Utility weights applied in the modelling
	Dental caries
	Mean utility
	0.828

	
	Dental caries (ICD9 521.00)
	-0.002 (-0.026 to 0.022)

	BMI ≥18 years
	Mean utility
	0.851

	
	<18.5
	0.000 (-0.024 to 0.024)

	
	18.5 to <25
	Reference

	
	25 to <30
	-0.005 (-0.013 to 0.002)

	
	30 to <40
	-0.031 (-0.041 to -0.020)

	
	40+
	-0.105 (-0.137 to -0.072)

	BMI <18 years
	Mean utility
	0.844

	
	Healthy
	0.007 (0.005 to 0.008)

	
	Overweight
	-0.013 (-0.017 to -0.010)

	
	Obese
	-0.023 (-0.031 to -0.015)

	NB. Values reflect the mean utility weight and utility increment(s) associated with prevalence of dental caries or category of BMI.
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