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Association Between Initiation of ENDS and Cigarette Smoking Reduction: A Causal Time Zero
Approach to the PATH Study
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Objective Methods

Background |
Dataset: Population Assessment of Tobacco and Health (PATH) study

- Cigarette smoking remains a major public health concern and is one of the leading causes To understand the causal relationship * Nationally representative longitudinal cohort designed to assess tobacco use
of preventable deaths between ENDS initiation and cigarette behaviors

7
Smoking-related illnesses contribute to over 8 million deaths worldwide annually, with S e * Assessed 2013-2019

more than 480,000 deaths per year in the United States alone, by CDC and WHO estimates To improve on prior estimates of ENDS Inclusion criteria: Adult participants who were exclusive cigarette smokers in their first
impact with the use of target trial year of participation
emulation and directed acyclic graphs

Figure 1. Directed acyclic graph (DAG) lllustrating Potential Confounding in the

Statistical model: Causal time-zero approach within a target trial ) : (LA 3 _
Relationship Between ENDS Initiation and Smoking Reduction

emulation framework:

« Multilevel mixed-effects linear and logistic regression

» Fixed effects: ENDS initiation, age, sex, race, baseline cigarette smoking
quantity

« Random effects: Participant, participant year

 Participants contributed person-year observations while they remained

ENDS Initiation CPD Reduction

A variety of nicotine products such as electronic nicotine delivery systems (ENDS) are

available for smokers who do not want to quit using nicotine completely, but want to
reduce their exposure to harmful constituents present in cigarette smoke due to
combustion

Primary exposure: ENDS initiation, defined as the first self-reported use of ENDS at

any follow-up wave after baseline exclusive cigarette smokers

« The year of ENDS initiation was treated as ‘time zero’
* CPDis calculated based on reported cigarette consumption at the time

Non-demographic
Demographic Confounders Confounders
(Age, Race, Sex) (Year, Baseline Smoking
Quantity)

Long-term effects of ENDS on smoking behavior remains uncertain, with most studies Primary outcome: Cigarette consumption changes from year prior, measured two

relying on descriptive analysis or short-term follow up times, limiting their ability to ways: of survey

establish causal relationships . ' in ci
g Cf)ntlnL.JOU-S chanie mh_agia\rettesoper day _(CP_D)  Participants data were censored from models in years after ENDS
 Binary indicator of achieving 50% reduction in CPD .
What is causal time-zero? Figure 4. ENDS Initiators Experienced Greater Reductions in CPD Than Non-Initiators, After Adjusting for
« Methodological framework designed to improve causal inference in observational studies by aligning the start of follow-up that mimics an randomized controlled trial (RCT) D]SCUSS] on Baseline Characteristics in Multivariable Linear Regression ’
» Directed acyclic graphs (DAGS) are used to visualize relationships between variables Predictor Adj. Estimate 05% Cl
« Used framework to evaluate the impact of ENDS initiation on cigarette consumption by ensuring participants were classified into exposure and control groups based on their first opportunity to * Previous PATH-based studies have found that more frequent ENDS use is associated with ENDS Initiation S
initiate ENDS reduced cigarette use (aOR: 2.32; 95% Cl: 1.38-3.90), and daily ENDS use is associated with N ) >
initiate _ _ _ T ) ENDS Initiated 211 4150 -0.07 .
To quantify this relationship, we used: higher cigarette discontinuation riates (e.g., faO_R. 2.26; 95/? C_I. 1._34—3.81) Age:
« Linear regression to estimate the effects of ENDS initiation on continuous changes in CPD, adjusting for key covariates * However, these analyses often relied on logistic models within single survey years or year- 35-54 (Reference)
. Logistic regression models assessed the likelihood of achieving a 250% reduction in CPD, adjusting for key covariates to-year transitions, limiting their ability to assess the longer-term impact and timing of 18-34 270 -53910-0.01 .
ENDS initiation 55+ 057 -566 10 6.80 -
Table 1. Participants who initiated and did not initiate ENDS were demographically similar at baseline > Ol stud-y fl-ndlngs align W]t_h 8aL3 [PIACEIF REEEIE LIV G G TR IS s CRIEL S E e Sex
RESUItS Participants who didnot | _ Participants who the application of a causal time-zero framework Female (Reference)
N S initiate ENDS initiated ENDS Overall Mele 047 20610240 ——
 Among 52,433 adult participants, 3,388 met criteria for inclusion who were
- _ N= 2,246 N= 1,142 N= 3,388 Race:
ENDS naive and smoked % a pack a day on average with an average follow up Age Category, N (% Figure 3. Comparing self-reported cigarette use in the years before and at ENDS initiation White (Reference)
time of 2 years 18 to 34 years old 1651 (73.5%) 868 (76.0%) 2519 (74.4%) LS (PR (PRl D Uk 1A Ll (e ) (A Sl ot Bodtod48 .
- o _ _ 35-55 years old 509 (22.7%) 254 (22.2%) 763 (22.5%) ' ' '
« 33.7% participants who initiated ENDS use experienced a mean CPD reduction 55 vears old or older 86 (3.8%) 20 (1.8%) 106 (3.1%) — 25 Other -0.41 9.1310-1.69 .
of 2.1 CPD along with a 1.31-fold increase in the odds of achieving =50% CPD Sex, N (% E Missing -0.34 -9.08108.40 "
reduction compared to exclusive cigarette smokers Male 1T10(49.4%) 292 (>1.8%) 1702 (30.2%) O Baseline CPD:
Female 1136 (506 /)) 550 (482 /)) 1686 (498 /3) ; 20 | ess than 10 DigﬂrEﬂES (RE'TE[E"DE‘}
Race, N (%
J © ' - - - ——
White 1727 (76.9%) 908 (79.5%) 2635 (77.8%) a 1010 20 cigarefies 09 Bt
Figure 2. Selection of Exclusive Cigarette Smokers for Longitudinal ENDS Black 255 (11.4%) 103 (9.0%) 358 (10.6%) b More than 20 cigarettes 2319 2127101911 .
Initiation Analysis (2013-2019 PATH Study) Other 222 (9.9%) 117 (10.2%) 339 (10.0%) 2l 15 zlg 2|4 El[a 1|6 1|2 lﬂ 4|4 ) ,ﬂl, Bl 1;
Missing 42 (1.9% 14 (1.2% 56 (1.7% J )
52,433 Total adult participants in at least one wave of PATH - dlllscsa]\:in i (1.9%) (1.2%) (1.7%) % Footnote: Coefficients were adjusted for age, sex, race, and baseline CPD Mean CPD Difference (95% CI)
y o ﬁ
S U % % % ()] 1 O i L ) i ) ) .
Al G LEtE 01 1S5, [WIEAE e (48'80/ ) 291 (055 o/ ) D27 (0 'Oo/ ) = Figure 5. ENDS Initiation Was Associated With Increased Odds of Reducing Cigarette Use by 50% or More in
44,286 Excluded Some college or Advanced Degree 1150 (51.2%) 511 (44.7%) 1661 (49.0%) o Multivariable Logistic Regression
11,853 Only one survey year Census Region, N (% Q_J Predict OR 05% Cl
3137 Cigarette and ENDS user in first year - 5 5 S redictor a % | | | |
4’700 Exclusive ENDS user first year Il:l/lo(;theatst 2?)? E;g?;; ;gg E;jg;; :?; E;:;;; 5 ENDS Initiation: DefeasmgoddsonSO% reduction Increasing odds of = 50% reduction
1,497 Missing key demographics LEhES - 70 - L70 - 770 it it ENDS Initiated 131 110to 1.56 ) — - -
10,009 Missing/Not asked Cigarette Use South 808 (36.0%) 425 (37.2%) 1233 (36.4%) Before Initiation At Initiation Age: o ’
13,090 Missing/Not asked ENDS Use West 452 (20.1%) 209 (18.3%) 661 (19.5%) '
35—-54 (Reference)
Unknown 33 (1.5%) 66 (5.8%) 99 (2.9%) 1814 133 10810164
. . o1. =
Table 2. Quantity of cigarettes smoked and nicotine dependence characteristics were comparable across _ _ _ 554 083 04810 143 -
5,011 Adult participants who were exclusive cigarette smokers in groups at baseline St re n gt h S/ LI mlt atl O nS Sex:

their first year of participation Participants who did not Participants who Female (Reference)
L. - .- Overall _ i : : .. .. : .- i
initiate ENDS initiated ENDS « The causal time-zero design improves internal validity and mimics trial conditions in Male 104 088to 122 .
. N=2246 | N=1142 | N=3388 observational data Race:

White (Reference)

1,623 Excluded due to quitting or missing data in « Longitudinal PATH datasets allowed for multi-year tracking of smoking behavior
second year of participation Less than half a pack (less than 10 Black 082 0621t01.10 =
tes

cigaret 1265 (56.3%) 622 (54.5%) 1887 (55.7%) « These findings are based on self-reported data from a single cohort (PATH), which Other '35 10310170 .
Half a pack to a full pack (10 to 20 - - o ' ' '
779 (34.7%) 410 (35.9%) 1189 (35.1%) may not generalize to all populations | o | Missing 152 08710268 y
« Data are cross sectional thus knowing exact time of ENDS initiation is not possible Baseline CPD-
- As with all observational studies, unmeasured confounding may remain, and RCTs Less fhan 10 cigarefies (Reference)
; ; ) 10-20 cigarettes 0.71 0.59to 0.86 —
are still the strongest design for causal inference

3,388 Participants eligible for year-to-year transition (4,027 ' More than 20 cigarettes 104 07810138 -
person-years) 90.0 (162) 67.6 (129) 82.4 (152) | | | |
Median [Min, Max 30.0 [0, 1200] 20.0 [0, 1080] 30.0 [0, 1200] 0.25 050 o 20 40
218 (9_7%) 102 (8.9%) 220 (9_4%) Footnote: Coefficients were adjusted for age, sex, race, and baseline CPD Ad]ustEd Odds Ratio (95 % CI}

202 (9.0%) 110 (9.6%) 312 (9.2%)
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« Casual approach may be useful to understand causal relationships and longitudinal datasets
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