
Data

This project was funded through National Cancer Institute (NCI) and Food and 

Drug Administration (FDA) grants U54CA229974 and R01CA190025 through and 

Analytical Chemistry Resource grants P30DA012393 and S10RR026437. The 

opinions expressed in this work are the authors' own and do not reflect the views 

of the National Institutes of Health, the Food and Drug Administration, or the 

United States government. We have no conflicts of interest.

PATH Study
• Nationally representative longitudinal study of tobacco use 2013–2019

• Compare Wave 1 Cohort in Waves 1-4 to Wave 4 Cohort in Waves 4-5

• Through 2017: 24,306 adults (Waves 1-4) and 12,168 youth (Waves 2-4)

• After 2017: 23, 709 adults (Waves 4-5) and 12,217 youth (Waves 4-5)
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Multistate Markov Transition Model Framework
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Markov transition models are continuous time stochastic processes models. 

Dual use

Reality: people transition 

between states at any time

Data: we observe state the state 

people are in at specific times

Model: we estimate 

how quickly people 

transition in general

• Sales of ENDS, particularly JUUL, 

rose substantially in late 2017 

and 2018.

• Did transitions between cigarette, 

ENDS, and dual use change over 

this period?

• Were adult and youth transitions 

affected differently?
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State definitions and transitions

Tobacco use states were defined from:

• Established use criteria for cigarettes (100+ 

cigarettes in lifetimes) and ENDS (ever fairly 

regularly used) and

• Current past-30-day use of cigarettes and ENDS
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Results

Transition ratesAdult transitions Youth transitions

Transition probabilities

Age-specific transition rates

Adults Waves 1-4 Adults Waves 4-5

Youth Waves 2-4 Youth Waves 4-5

1      2      3      4      5

1. Never user

2. Non-current user

3. Cigarette user only

4. ENDS user only

5. Dual user

1. Never user

3. Cigarette user only

5. Dual user

1      2      3      4      5

1      2      3      4      51      2      3      4      5

From To

From To

4. ENDS user only

2. Non-current user

Dual to cigarette

Dual to ENDS

ENDS to non-currentCigarette to non-currentNon-current to cigarette

ENDS to dualCigarette to dualNon-current to ENDSNever to ENDS

• Continuous age effects estimated with splines
• Data points are estimates for narrow age groups

.

Key Findings
• Adult dual users have become less likely to return to sole cigarette use but not more likely to discontinue cigarettes altogether.

• Youth of all categories have become more likely to become ENDS only users.

• Most transitions are age-dependent, with many highest among youth.

• Estimated smoking initiation in older ages likely driven by transition from self-reported experimental (<100 lifetime cigarettes) to established use

Never to cigarette


