Disentangling the gateway hypothesis:
does e-cigarette use cause
subsequent smoking in adolescents?
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How to solve a problem like Maxta The Gateway?
A Best way to assess causality is via an RCT
I But impractical, unethical and provides net effect only

A Direct observation is not possible
I Need to infer likely association using differe

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



1) Face Validit
a. Regular EC use among never smoking adolescents

Use of e-cigarettes by 11-18 year olds in USA and UK
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1) Face Validit e

b. Change in cigarette smoking and EC prevalence in adolescents

Base: Total Population (all 11-15 year olds)
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2) Advanced Anal
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2) Advanced Analytical Techniques
a) Individual level: case control design
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2) Advanced Anal

b) Population level: quasi-experimental

A Natural variation in legislation
I Comparatively lax regulation of EC in UK as consumer product (prior to EU TPD)
I New Zealand much stricter; use of nicotine in EC banned until 2018
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2) Advanced Anal
b) Population level: time-series
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===ypothetical time-series 1 (diieseRigtefyomapafiea tige-series 2 (differentiated)
A 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)
T If seasonality is present, also need to have seasonal g, d, p



2) Advanced Analytical Technigques e

b) Population level: time-series STS

350 Cigarette and EC use prevalence (16-21 yo)
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A No evidence of an association
i b =0.015 95%CI -0.342 to 0.312; p=0.929




a) Micro-simulation

A Uses individual agents (act independently or interact with other
agents) to simulate macro events (bottom up)
I Set of rules that governs behaviour probabilistically
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a) Micro-simulation

A Uses individual agents (act independently or interact with other
agents) to simulate macro events (bottom up) el
I Set of rules that governs behaviour probabilistically B ffﬁj

A Calibrate to fit past data (2008-2012) to predict future behawour

I 50,000 agents with uniform age distribution between 2 and 20 (separate
modelling for <16 year olds and 16-20 year olds)

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

I Randomly assigned smoking status initially based on best function
A Linear function for smoking initiation (slow decline over time)
A Exponential function for EC initiation (Steep increase, levelling out over time)

A Simplistic as only models EC impact on smoking uptake, not cessation
I Smokers assumed to be 9 times more likely to start EC use then non-smokers
I No EC use prior to 2012




