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OUTLINE

• Who are the (U.S.) smokers? What can national 
data can tell us (US National Health Interview 
Survey; Population Assessment of Tobacco and 
Health Study)?

• Tobacco harm reduction: Can e-cigarettes help 
cigarette smokers quit?



Cigarette smoking is bad for you but quitting helps









WHO (still) SMOKES CIGARETTES?



Who are the smokers?

Priority populations



• Low socioeconomic status
• Comorbid mental health or 

substance abuse diagnoses, 
• Racial/ethnic minorities 
• Individuals with physical disabilities, 
• Sexual Orientation and Gender 

Identity
• Veterans/military 
• Criminal justice populations
• Education (low) 

• No health insurance
• Medicaid enrollees
• American Indians/Alaska Natives
• Chronic Disease Status
• Geographic Location
• Pregnant Women
• Adolescents
• Dual users
• Light/intermittent smokers

Key Disparities in Current Cigarette Smoking Among Adults 

and Youth According to Prevalence and/or Harm

U.S. Department of Health and Human Services. Smoking Cessation. A Report of

the Surgeon General. Atlanta, GA: U.S. Department of Health and Human Services,

Centers for Disease Control and Prevention, National Center for Chronic Disease

Prevention and Health Promotion, Office on Smoking and Health, 2020.



US NHIS



US National Health 
Interview Survey – 
2022

Population Outcome:
Smoking status- 4 
categories



Regression model 
predicting smoking 
status via various 
sociodemographic and 
other characteristics







Cigs and E-cigs co-occurrence: NHIS 2022

Red = smoke everyday
Green = Smoke some days



Naive learning on 
"SMOKE STATUS": 
Delete All Arcs
Variable Selection: 
false

Missing values 
treated with 
Structural EM
Total Weight: 27,651
Initial MDL score: 
745,005.421
Final MDL score: 
735,828.106
Total learning time: 0s

NAIVE BAYES





Augmented Naive 
learning on "SMOKE 
STATUS": 
Delete All Arcs
Variable Selection: false

Missing values treated 
with Structural EM
Total Weight: 27,651
Initial MDL score: 
745,005.421
Final MDL score: 
658,672.252
Total learning time: 18s

AUGMENTED 
NAIVE BAYES





Semi-Supervised 
learning on "SMOKE 
STATUS": 
Variable Selection: 
false
Radius: 8 Algorithm: 
Taboo

Missing values treated 
with Structural EM
Total Weight: 27,651
Initial MDL score: 
745,005.421
Final MDL score: 
651,939.97
Total learning time: 
12s

MI distance mapping; Variable clustering

SEMI-SUPERVISED





Maximum Spanning 
Tree learning:
Delete All Arcs
Post-Processed with 
Taboo (78)
Score Type: MDL

Missing values treated 
with Structural EM
Total Weight: 27,651
Initial MDL score: 
745,005.421
Final MDL score: 
652,020.374
Total learning time: 9s

MAXIMUM SPANNING TREE



Tobacco Harm Reduction 

Tobacco Harm Reduction depends on changing 
behaviors, or switching states of behavior, from more to 
less harmful.

Cigarette -> E-cigarette (or some other reduced risk 
tobacco/nicotine product)



2023
DO E-CIGS HELP SMOKERS QUIT SMOKING?

RCTs



DO E-CIGS HELP SMOKERS QUIT SMOKING? - YES



BUT WAIT, NOT SO FAST! WHAT ABOUT THE “REAL WORLD?”

OBSERVATIONAL STUDIES TO THE RESCUE?



Stop-smoking methods used by adults who stopped smoking completely from 2020–2022,
US National Health Interview Survey 

E-cigarette and 
nicotine 
replacement are 
the most popular 
methods



Stop-smoking methods used by adults who stopped smoking completely from 2020–2022 



Current cigarette smoking & electronic cigarette use % vs. Year and Quarter- US National 
Health Interview Survey

10.6%

7.0%

Are they 
connected?



Data Source

● The PATH Study is a collaboration between the National Institute on Drug 

Abuse (NIDA), National Institutes of Health (NIH), and the Center for Tobacco 

Products (CTP), Food and Drug Administration (FDA).14

● It was launched in 2011 to inform FDA’s regulatory activities under the Family 

Smoking Prevention and Tobacco Control Act.14

● The PATH Study is an ongoing longitudinal cohort study on tobacco use 

behavior, attitudes, beliefs, and tobacco-related health outcomes.14

Population Assessment of Tobacco and Health (PATH) Study



PATH Data Collection and Sample Sizes

The overall weighted response rate for adults was 74% in Wave 1 and 65.1% in Wave 5.15

Source: NIDA.NIH.gov



PATH Data Collection and Sample Sizes

Analyses: Wave 1 – 6 adults with complete longitudinal data

Basic sociodemographic info: Age, sex, education, race, region, poverty, 
depression

Exposure: E-cigarette use frequency (days used in past month); Past month 
use – yes/no

Outcomes: Cigarette use frequency (days used in past month); Past month 
use – yes/no

Covariates: Other tobacco product use, depression



PATH Study Wave 1 Sociodemographic characteristics



Taboo learning: 
Delete All Arcs
Taboo List Size: 36

Missing values treated 
with Structural EM
Total Weight: 14,928
Initial MDL score: 
227,476.42
Final MDL score: 
219,343.079
Total learning time: 0s

PATH baseline (Wave 1) data





Mean days per last month smoking cigarettes, using e-cigarettes



Random effects model: 
Time (wave), e-
cigarette frequency 
(days per month) and 
interaction effect (time 
x frequency)

Outcome: Cigarette 
frequency (days per 
month)



Selection:

Smokers only 
selected at 
Wave 1



Skewed distributions



Discretization: 
Isolated 0’s (both cigs and ecigs)
Isolated everyday use past month (ecig)

Inverse 
relationships 
between EC and C 
over time

C

C

C

C

C

EC

EC

EC

EC

EC



Cross-lagged Panel Model



Wave 2-3 lagged relationship
Setting evidence: 100% of smokers switch 
to daily e-cig use

Daily use of e-cigs show the strongest association



Wave 5-6 lagged relationship
Setting evidence: 100% of smokers switch 
to daily e-cig use

Daily use of e-cigs show the strongest association





ANOTHER LOOK AT PATH STUDY DATA: SMOKERS NOT PLANNING TO QUIT









CONCLUSIONS

• Who are the (U.S.) smokers? National data can point us 
to important inequalities, but we need more to reach 
the majority of smokers with effective cessation tools.

• What works to help smokers quit? 
• E-cigarettes are a popular method. They are 

consumer not therapeutic products. They may have 
greater reach and availability and they may benefit 
smokers who are not even trying to quit, but they 
must be used daily for complete switching.
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