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Background 

A priori considerations 

1) Extant literature 

– Only observational data are available 

• Post hoc ergo propter hoc: associations could be due to common liability (genetic 

vulnerability; environmental factors)  

– Focus mainly on ever smoking 

• Problematic as continued (not experimental) use has health impacts 

2) Gateway concept 

– Problematic because it requires counterfactual scenario to be tested (what 

would have happened if someone had not done x) 

Would have never 

smoked 

Would have smoked Smoker 

Non-smoker 

A 
B 

+ = C 



How to solve a problem like Maria The Gateway? 
• Best way to assess causality is via an RCT 

– But impractical, unethical and provides net effect only 

• Direct observation is not possible 
– Need to infer likely association using different methodological approaches 

• Will present three ways to determine whether we should be 
concerned about “the gateway” 
1) Face Validity (descriptive statistics) 

a. How common is regular EC use among never smoking adolescents? 

b. How have smoking rates changed among adolescents since the advent of EC? 

2) Advanced analytical techniques (inferential statistics) 
a. Individual level: case-control design (using synthetic (PSM) and real-world controls) 

b. Population level: quasi-experimental and time-series design 

3) Forecasting techniques (theoretical computer modelling) 
a. Micro-simulation (agent-based) modelling to assess likely future impact/effect 

magnitude/ parameter estimates 
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1) Face Validity 

a. Regular EC use among never smoking adolescents 

Negligible use among never smoking 

adolescents 

Data sources: National Youth Tobacco Survey; ASH Survey 
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b. Change in cigarette smoking and EC prevalence in adolescents 

1) Face Validity 

Continued decline in smoking prevalence following onset of EC use, but 

decline is slowing   

Data sources: National Youth Tobacco Survey; Smoking Drinking and Drug Use among Young People, Eastwood et al, 2015 



• NYTS data (2014-17; N=78,265) to select cases and controls 
– In 2014/15 only (N=37,417) adolescents (aged 9+) were asked which product (if 

any) they had used first 

– Cases: initial EC use (3.2%) 

– Real world control: initial non-combustible, non-cigarette tobacco (NNT) use, i.e. 
chewing tobacco, snus or dip (1.4%) 

– Synthetic control: use propensity score matching to select adolescents who are 
similar to those who with initial EC use from whole dataset (2014-17) in terms of 

• Socio-demographics (age, sex, ethnicity) 

• School characteristics (school type, grade) 

• Future smoking susceptibility (would try next year/soon/if offered by friend) 

• Environmental tobacco exposure (tobacco use in home) 

• Perceived health effects (all tobacco products are dangerous/breathing smoke is harmful) 

• Main outcomes: ever and current (100+ life-time cigarettes and past 30-
day use) cigarette smoking  

2) Advanced Analytical Techniques 

a) Individual level: case control design 



2) Advanced Analytical Techniques 

a) Individual level: case control design 
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3.3% 

8.8% 

17.4% 
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• Natural variation in legislation 
– Comparatively lax regulation of EC in UK as consumer product (prior to EU TPD) 

– New Zealand much stricter; use of nicotine in EC banned until 2018 

0.8% 

New Zealand Youth Tobacco Monitor 

Smoking, Drinking and Drug Use Among Young 

People in England 

b) Population level: quasi-experimental 

2) Advanced Analytical Techniques 

Indistinguishable decline 
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Long term trend
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Seasonal effects
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• ARIMAX: AutoRegressive (to model earlier scores, q), Integrated (to 
capture trends, d), Moving Average (to model random noise, p) with 
eXogenous input (to model impact of one on another time-series) 
– If seasonality is present, also need to have seasonal q, d, p 

b) Population level: time-series 

2) Advanced Analytical Techniques 



• ARIMAX to investigate association of EC use with smoking prevalence 

among 16-21 year olds 

– Smoking Toolkit Study data from 2007-2017 (N=22,817) 

– Explanatory variable 

• Prevalence of EC use among all adolescents 

– Outcome variable 

• Prevalence of cigarette smoking among all adolescents 

– Covariates 

• Advertising expenditure on tobacco control 

• Tobacco policy changes (smoking ban, increase in age of sale, change in commissioning of 

stop smoking services) 

• No evidence of an association 

– β=-0.015 95%CI -0.342 to 0.312; p=0.929 

b) Population level: time-series 

2) Advanced Analytical Techniques 
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• Uses individual agents (act independently or interact with other 

agents) to simulate macro events (bottom up) 

– Set of rules that governs behaviour probabilistically 

a) Micro-simulation 

3) Forecasting 
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• Uses individual agents (act independently or interact with other 

agents) to simulate macro events (bottom up) 

– Set of rules that governs behaviour probabilistically 

• Calibrate to fit past data (2008-2012) to predict future behaviour 

– 50,000 agents with uniform age distribution between 2 and 20 (separate 

modelling for <16 year olds and 16-20 year olds) 

– At each tick (month) they age and their smoking/EC use status changes 

– Randomly assigned smoking status initially based on best function 

• Linear function for smoking initiation (slow decline over time) 

• Exponential function for EC initiation (steep increase, levelling out over time) 

• Simplistic as only models EC impact on smoking uptake, not cessation 

– Smokers assumed to be 9 times more likely to start EC use then non-smokers 

– No EC use prior to 2012 

a) Micro-simulation 

3) Forecasting 



b) Micro-simulation 

3) Forecasting 

Data sources: Smoking Drinking and Drug Use among Young People; Smoking Toolkit Study 
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Conclusions 

1) Epidemiological and modelled data suggest impact, if any, of EC 

use on adolescent cigarette smoking prevalence is negligible  

2) Time-series analysis and micro-simulation suggest that postulated 

effects based on longitudinal analysis overestimate the causal 

impact that EC have on smoking uptake 

3) Case-control type analysis even suggest a potentially protective 

effect of EC use for adolescents who might have smoked 

 

  However, continued need to monitor data and cross-validate results 
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