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Abstract

Introduction: Young adults have high combustible cigarette and e-cigarette use rates, and low util-
ization of evidence-based smoking cessation strategies compared to older adults. It is unknown 
whether young adults who try to quit smoking without assistance, with evidence-based strategies, 
or with e-cigarettes, are equally successful compared to older adults.
Aims and Methods: This analysis used a population-based sample from the Population Assessment 
of Tobacco and Health study of young adult (aged 18–24, n = 745) and older adult (aged 25–64, 
n = 2057) established cigarette smokers at Wave 1 (2013–2014) who reported having made a quit 
attempt at Wave 2 (2014–2015). Cessation strategies were: behavioral therapy, pharmacotherapy, 
product substitution, 2+ strategies, and unassisted. Logistic regression estimated associations be-
tween cessation strategy and short-term cessation status at Wave 2 (quit, no quit); multinomial 
logistic regression predicted long-term cessation patterns at Waves 2 and 3 (sustained quit, tem-
porary quit, delayed quit, no quit).
Results: No cessation strategy (ref: unassisted) significantly predicted short-term cessation. No 
cessation strategy (ref: unassisted) significantly predicted long-term cessation patterns for young 
adults. Substitution with e-cigarettes predicted short-term cessation for older daily smokers of ≥5 
cigarettes/day (adjusted odds ratio [AOR]: 1.70; 95% confidence interval: 1.08, 2.67) but did not pre-
dict long-term cessation patterns.
Conclusions: Despite differences in cessation strategy use between young and older adult 
smokers, strategy effectiveness largely did not differ by age group. No strategy examined, including 
e-cigarettes, was significantly associated with successful cessation for young adults. More work is 
needed to identify effective interventions that help young adult smokers quit.
Implications: (1) Neither behavioral support, pharmacotherapy, nor product substitution was as-
sociated with short-term cessation for young or older adults compared to quitting unassisted. 
(2) Neither behavioral support, pharmacotherapy, nor product substitution was associated with 
longer-term cessation for young or older adults compared to quitting unassisted. (3) Substitution 
with e-cigarettes predicted short-term cessation for older daily smokers of ≥5 cigarettes/day but 
was not associated with longer-term cessation.
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Introduction

Young adulthood is a key transition time for tobacco use, during 
which many young adults who have experimented with tobacco 
either stop or develop longer-term addiction.1 Early tobacco ces-
sation has been found to reduce the risk of death from tobacco-
related disease and extend life expectancy compared to continued 
smoking.2–4 Many young adult smokers are interested in quitting 
smoking and make quit attempts5; however young adult smokers 
who try to quit are less likely to use evidence-based cessation strat-
egies than their older adult counterparts and are more likely to try to 
quit unassisted.6–10 A recent study found that young adults frequently 
reported using e-cigarettes for their most recent quit attempt (26.3% 
used e-cigarettes vs. 6.3% nicotine replacement therapy).10

There is evidence that smoking cessation interventions are 
equally efficacious for young adults and the general adult popula-
tion.11 However, although nicotine replacement therapy and the pre-
scription drugs varenicline and bupropion have been demonstrated 
effective in clinical trials,12,13 evidence of their effectiveness in real-
world settings is mixed. Some studies have demonstrated pharma-
cotherapy in the absence of behavioral counseling to be effective14 
while others have found it only effective in combination with be-
havioral counseling.15 Only a few studies have looked at cessation 
patterns longitudinally,16,17 including a recent study reporting that 
effects of pharmacotherapy aids varied by product and by time point 
for evaluating abstinence.18 Much of this work has studied adults in 
the United Kingdom, Canada, and France,14,15,18 and often occurred 
before e-cigarettes were popular.

Since the emergence of e-cigarettes, several clinical trials and ob-
servational studies has assessed their effectiveness for smoking ces-
sation, also with mixed findings.19–21 A recent comprehensive report 
from the National Academies of Sciences, Engineering, and Medicine 
concluded that there was limited evidence that e-cigarettes are ef-
fective smoking cessation aids.22 Since that report, a clinical trial in 
England reported that, coupled with 4 weekly counseling sessions, 
e-cigarettes were more effective than nicotine replacement therapy 
at 12-month abstinence.21

E-cigarettes vary in nicotine concentration, power, flavor, and 
patterns of use, and almost all smokers who use e-cigarettes to quit 
do not receive formal cessation counseling. Examining whether 
e-cigarettes predict cessation outside of trials is critical to under-
standing their real-world impact. Two recent studies examined ces-
sation using the first two waves of the Population Assessment of 
Tobacco and Health (PATH) study. Benmarhnia and colleagues 
found that use of pharmaceutical aids did not predict persistent 
(≥30  day) cigarette abstinence at Wave 2.23 They also found that 
cigarette cessation attempts using e-cigarettes were associated with 
abstinence, but not with reduction in cigarette consumption for the 
non-abstinent.23 Berry and colleagues reported that transition to 
daily e-cigarette use at Wave 2 was associated with cigarette ces-
sation and reduction in cigarettes smoked per day,24 although this 
study did not isolate individuals who used e-cigarettes intentionally 
for a quit attempt.

To our knowledge, no observational studies of cessation strategy 
use have looked specifically at young adults, and some previous 
studies omitted them.15,21 Given the differences between young adult 
and older adult smokers, the high rate of e-cigarette use among 
young adults,25 and the importance of cessation in young adulthood, 
longitudinal, population studies of young adult quit attempts in the 
United States are needed.

This study used three waves of the PATH study (2013–2016) to 
assess the effectiveness of behavioral support, pharmacotherapy, and 
product substitution on short- and longer-term patterns of cessation 
and compared effectiveness for young adults and older adults.

Materials and Methods

Participants and Procedures
We used a population-based sample of young adults (age 18–24) 
and older adults (age 25–64) who were established smokers at Wave 
1 of the PATH study and were surveyed at Wave 2 (2014–2015), 
and a subsample who were surveyed at Wave 3 (2015–2016).26 The 
PATH study was administered via in-home computer-assisted inter-
views and over-sampled young adults, tobacco users, and African 
Americans. Details on the administration of the PATH study have 
been published elsewhere.27 The present study used the PATH 
Study’s Public-Use Files and was certified exempt by the University 
of California, San Francisco’s Institutional Review Board.

Measures
Cigarette Use and Cessation Outcomes
An individual was labeled a current established smoker at each wave 
if they had smoked more than 100 cigarettes in their lifetime and 
currently smoked every day or some days at the time of survey ad-
ministration. This study is limited to current established smokers at 
Wave 1.

At Waves 2 and 3, an individual was defined as having quit if they 
were not a current established smoker at that wave. We combined 
current established smoking status at Waves 2 and 3 to identify four 
cessation patterns over time: sustained quit (Wave 2 not smoking, 
Wave 3 not smoking), temporary quit (Wave 2 not smoking, Wave 3 
smoking), delayed quit (Wave 2 smoking, Wave 3 not smoking), and 
a reference category of no quit (Wave 2 smoking, Wave 3 smoking) 
(see Figure 1).

Cigarette Cessation Strategies
We identified respondents in Wave 2 as having made a quit attempt 
if they answered one or more, did not know, or refused to answer the 
question “In total, how many times in the past 12 months have you 
tried to quit [PRODUCT(s)] completely?” and had stopped smoking 
or using tobacco for 1 day or longer because they were trying to quit. 
In Wave 2, individuals who had made a quit attempt were asked 
about the strategies they used the last time they tried to quit. We 

Wave 1 Wave 2 Wave 3 

Sustained Quit

Temporary Quit

Delayed Quit

No Quit (reference)

Not Smoking

Smoking

Not Smoking

Smoking

Smoking

Smoking

Quit Pa�ern

Not Smoking

Figure 1. Cessation patterns at Waves 2 and 3 were defined using current 
established smoking status at each wave. If an individual was not a current 
established smoker at either wave they were designated as having “quit.” At 
Wave 2, each participant reported having made a cessation attempt between 
Waves 1 and 2.
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grouped cessation strategies into four categories: behavioral sup-
port, pharmacotherapy (including nicotine replacement therapy and 
prescription drugs), product substitution (complete or incomplete 
switching to another tobacco product), and unassisted quitting (see 
Table A1, available at Nicotine and Tobacco Research online for def-
initions). Due to a limited number of responses, quit attempts using 
non-cigarette combustible tobacco products, smokeless tobacco, and 
hookah, were combined with e-cigarettes for primary analyses. We 
defined respondents as making an unassisted quit attempt if they did 
not use behavioral support, pharmacotherapy, or product substitu-
tion during their last quit attempt.

Our primary predictor had five categories: behavioral support 
alone, pharmacotherapy alone, product substitution alone, two or 
more strategies, and unassisted (reference category). Given previous 
findings that behavioral support and pharmacotherapy are more ef-
fective together than alone,15 a second version of this variable separ-
ated behavioral support and pharmacotherapy together from other 
combinations of two or more strategies. To isolate e-cigarette use, a 
third version divided substitution into substitution using e-cigarettes 
(including in combination with another product) and substitution 
using a tobacco product other than e-cigarettes.

The PATH study asked about e-cigarette cessation at-
tempts and other tobacco cessation attempts separately at Wave 
2. Established smokers at Wave 1 with no other established use at 
Wave 1 or 2 were asked exclusively about cessation strategies the 
last time they tried to quit cigarette smoking. Established users of 
cigarettes and e-cigarettes at Wave 1 or 2 were asked about ces-
sation strategies the last time they tried to quit each product sep-
arately. If a respondent used two or more non-e-cigarette tobacco 
products, they were asked about cessation strategies the last time 
they tried to quit tobacco use overall and asked separately about 
the last time they tried to quit e-cigarettes. For this subset of poly-
tobacco users, we cannot isolate their last cigarette cessation at-
tempt. Because of this survey design complexity, we examined the 
most recent cessation attempt for each respondent, regardless of 
what tobacco product(s) they were asked about. Thus, our study 
describes tobacco cessation strategies of cigarette smokers. We 
conducted a robustness check with cigarette-only smokers to test 
the validity of these estimates.

Covariates
All covariates were measured at Wave 1.  To account for nicotine 
dependence, which has been negatively associated with cessation,28,29 
we included a binary indicator of whether an individual was a light 
or intermittent smoker. We also included an indicator of whether 
an individual was a poly-tobacco user (established use of any non-
cigarette tobacco product in addition to cigarette use) which has 
been associated with nicotine dependence30 and with choice of ces-
sation strategy.10 Current established use of non-cigarette tobacco 
products was defined as whether a respondent had ever used a non-
cigarette tobacco product fairly regularly and currently used that 
product every day or some days. A respondent was coded as a light 
or intermittent smoker if they were a non-daily smoker or were a 
daily smoker and smoked on average 5 cigarettes or fewer/day (ref: 
daily smoker and >5 cigarettes/day).31–35 Previous research has dem-
onstrated that previous quit attempts are a marker of motivation 
to quit, but multiple failed attempts could also signify difficulties 
in quitting permanently and relapse to smoking.36,37 We included 
the number of quit attempts reported in the last 12 months, right 
censored with a maximum of 52 attempts. We included a binary 

measure indicating whether the respondent lived with anyone who 
used tobacco.

Demographic and socioeconomic measures included: sex, race, 
and ethnicity (Non-Hispanic White, Non-Hispanic African American 
or Black, and other race); education (less than high school education 
and high school education or equivalent and above); lesbian, gay, 
bisexual, or other non-heterosexual sexual identity; and financial in-
stability (unable to pay important bills on time in the past 30 days 
because of shortage of money).

There were 3121 individuals who were current established cigar-
ette smokers at Wave 1, reported making a quit attempt at Wave 2, 
and were under the age 65. We removed 68 cases because of missing 
data on one or more cessation strategy and 251 because of missing 
data on one or more covariate. The final sample included 2802 in-
dividuals. There were no significant differences in cessation status at 
Wave 2 or cessation strategy choice between the study sample and 
those with one or more missing covariate (results not shown).

Analysis
We estimated short (Wave 2)- and longer (Waves 2 and 3)-term ces-
sation for young adult and older adult current established smokers 
at Wave 1 who reported having made one or more quit attempts at 
Wave 2.

Analysis 1: Cessation Status at Wave 2
Our first two models used logistic regression to estimate the associ-
ation between cessation strategy (ref: unassisted quit attempt) and 
quit status at Wave 2. The second model introduced an interaction 
term between cessation strategy and age group to isolate associ-
ations for young adults. From the interaction model, we calculated 
the odds ratio and confidence interval (CI) for the association be-
tween each cessation strategy and quit status for young adults using 
the lincom command in Stata. Analyses were conducted using the 
2802 respondents who had no missing data for any of the Wave 1 
covariates, Wave 2 cessation strategy variables, and smoking status 
at either Wave (young adults [YA]: 745; older adults [OA]: 2057).

Analysis 2: Cessation Patterns at Waves 2 and 3
Our third model used multinomial logistic regression to estimate 
the association between cessation strategy and four cessation pat-
terns at Waves 2 and 3 (sustained quit, temporary quit, delayed quit 
vs. no quit). Our fourth model introduced an interaction term be-
tween cessation strategy and age group. Lincom calculations were 
repeated. Analyses were conducted using the 2502 respondents with 
no missing data in predictors or outcomes at Waves 1, 2, and 3 (YA: 
662; OA: 1840).

All models controlled for age group, demographic and 
socioeconomic characteristics, cigarette and other tobacco use, de-
pendence, and number of past-year quit attempts at Wave 1.

Robustness Checks and Supplemental Analyses
As a robustness check, we replicated models 1 and 3 with estab-
lished users of only cigarettes at Wave 1. This check (1) provided a 
clean set of models where the cessation strategy reports referred to 
cigarette cessation specifically and (2) helped to identify whether any 
observed differences in strategy use by age were driven by differences 
in poly-tobacco use prevalence between age groups. Sample size con-
straints prevented us from reporting cigarette-only smoker results 
for age interaction models.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz223#supplementary-data
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We re-estimated models 1 and 3 using (1) a six-category ces-
sation strategy variable with combined behavioral support and 
pharmacotherapy and then (2) using a cessation strategy variable 
that separated substitution with and without e-cigarettes. Because 
strategies might have different effects for light and heavy smokers,38 
we re-estimated models 1 and 3 including an interaction term be-
tween smoking intensity cessation strategy, using the product substi-
tution variable that separated e-cigarettes. We stratified the Wave 2 
analysis by age. Sample size constraints prevented us from stratifying 
the Wave 2 and 3 analysis by age.

Data cleaning and analyses were conducted using Stata 14. 
Descriptive statistics were calculated for the Wave 2 sample and 
weighted using Wave 2 respondent-level sample weights (provided 
by the PATH study). Statistical tests for Wave 2 cessation status 
(Wave 2 and 3 cessation patterns) were weighted with Wave 2 (Wave 
3  “all wave”) replicate weights using the brr Stata command for 
balanced repeated replication.

Results

Sample Description (Table 1)
A total of 23.67% of young adult and 20.02% of older adult 
Wave 1 smokers were not smoking at Wave 2 and 24.43% of 
young adult and 21.87% of older adult Wave 1 smokers were not 
smoking at Wave 3. Of the 2502 smokers with observations at all 
waves, 12.31% were classified as sustained quitting (YA: 13.24%; 
OA: 12.1%), 7.82% as temporary quitting (YA: 11.12%; OA: 
7.06%), 10.03% as delayed quitting (YA: 11.19%; OA: 9.77%), 
and the remaining 69.84% reported smoking at both waves (YA: 
64.46%; OA: 71.07%).

Young adults were substantially less likely to use pharmaco-
therapy compared to older adults, and both groups used product 
substitution, largely with e-cigarettes, most often. A total of 62.39% 
of young adult smokers tried to quit unassisted compared to 51.31% 
of older adult smokers. Young adult smokers had higher rates of 
poly-tobacco use, living with a tobacco user, and light or intermit-
tent smoking. Young and older adults reported, on average, the same 
number of past-12-month quit attempts.

Analysis 1: Wave 2 Cessation Status
Table 2 reports regression results for Wave 2 cessation status. None 
of the cessation strategies significantly predicted Wave 2 cessation. 
There was no significant association between age group and Wave 
2 cessation, suggesting that after adjusting for differences between 
age groups and confounders, young adult and older adult smokers 
were just as likely to have successfully quit in the short term (Table 2, 
“Model 1”). Furthermore, interaction terms between cessation strat-
egies and age group were not significant (Table 2, “Model 2”), sug-
gesting no difference in the association between cessation strategy 
use and cessation success for young and older adults.

Analysis 2: Wave 2 and 3 Cessation Patterns
Table 3 reports regression results for Wave 2 and 3 cessation pat-
terns. Consistent with findings from Analysis 1, none of the ces-
sation strategies significantly predicted cessation patterns after 
adjustment. Young adults were significantly more likely to report 
temporary quitting than not quitting, compared to older adults 
(Table 3, “Model 3”); age group did not predict any other cessa-
tion pattern.

The interaction between age and substitution (Table 3, “Model 
3”) was significant; for older adults, using product substitution pre-
dicted temporary quitting compared to not quitting at either wave 
(Table 3, “Model 3”). Lincom calculations revealed no significant 
association between substitution and temporary quitting for young 
adults. Young adults who tried to quit unassisted, however, were 
more likely to report temporary quitting compared to older adults 
who tried to quit unassisted.

Covariates
Light or intermittent smoking positively predicted all cessation out-
comes: Wave 2 cessation, sustained quitting, temporary quitting, and 
delayed quitting. Respondents who lived with a tobacco user were 
less likely to have sustained quitting than those who did not. Neither 
poly-tobacco use nor the number of quit attempts was associated 

Table 1. PATH Study Descriptive Statistics for US Young and Older 
Adults Who Reported a Quit Attempt at Wave 2

 

Young adults  
(18–24)  

(n = 745)

Older adults  
(25–64)  

(n = 2057)

All Adults  
(18–64)  

(n = 2802)

Weighted% Weighted% Weighted%

Outcomesa

 Cessation (Wave 2) 23.67 20.02 20.69
 Cessation (Wave 3) 24.43 21.87 22.35
 Cessation Patterns (Waves 2 and 3)b

  Sustained quit 13.24 12.10 12.31
  Temporary quit 11.12 7.06 7.82
  Delayed quit 11.19 9.77 10.03
  No quit 64.46 71.07 69.84
Cessation strategies (Wave 2)
 Behavioral support alone 1.95 2.40 2.32
 Pharmacotherapy alone 2.75 15.10 12.83
 Product substitution alone 26.88 21.06 22.13
  With e-cigarettes 22.63 18.99 19.66
  Without e-cigarettes 4.25 2.07 2.47
 2+ strategies 6.02 10.13 9.38
  Behavioral + pharma 2.47 1.37 2.26
 Unassisted 62.39 51.31 53.35
Covariates (Wave 1)
 Female (ref: male) 43.58 46.42 45.90
 Race/ethnicity
  NH White (reference) 76.69 75.63 75.82
  NH Black or Afr. Am. 11.74 16.09 15.29
  Other race/ethnicity 11.57 8.28 8.88
 LGB+ (ref: heterosexual) 13.16 6.77 7.95
 Unable to pay bills 26.99 30.82 30.12
 Education, high school+ 84.70 87.16 86.71
 Uses non-cigarette tobacco 39.33 22.32 25.45
 Lives with tobacco user 67.40 51.55 54.46
 Light or intermittent smoker 46.84 32.61 35.22

Mean Mean Mean

# of quit attempts 2.34 2.34 2.34

NH = Non-Hispanic; OA = older adults; YA = young adults; LGB = lesbian, 
gay, bisexual.
aWeighted percentages report the percent of respondents who had quit at Wave 
2 (of all Wave 1 smokers who made a quit attempt at Wave 2), who had quit at 
Wave 3, and who had each cessation pattern across Waves 2 and 3.
bReported for Wave 1 smokers who made a quit attempt at Wave 2 with Wave 
3 follow-up, n = 2502 (YA: 662; OA: 1840).
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with cessation. African American respondents were consistently less 
likely to have quit. Inability to pay bills and education status also 
negatively predicted quitting (Tables 2 and 3).

Robustness Checks and Supplemental Analyses
Results of robustness checks and supplemental analyses are available 
in the Supplemental Material, available at Nicotine and Tobacco 
Research online.

Cigarette-Only Smokers (Tables A2 and A3, Available at 
Nicotine and Tobacco Research Online)
The results using cigarette-only smokers were largely consistent with 
the full-sample models. Of note, cigarette-only smokers who used 
product substitution to try to quit were less likely to be delayed quit-
ters compared to not quitting at all (relative risk ratio [RRR]: 0.56, 
95% CI: 0.33, 0.94).

Behavioral Support and Pharmacotherapy (Tables A4 and A5, 
Available at Nicotine and Tobacco Research Online)
We found no significant association between combined behavioral sup-
port and pharmacotherapy and either Wave 2 cessation status (AOR: 0.61; 
95% CI: 0.23, 1.61) or Wave 2 and 3 cessation patterns (sustained quitting 
– RRR: 0.58, 95% CI: 0.21, 1.56; temporary quitting – RRR: 0.44, 95% 
CI: 0.44, 2.11; delayed quitting – RRR: 0.42, 95% CI: 0.12, 1.43).

Substitution With E-cigarettes (Tables A4 and A5, Available at 
Nicotine and Tobacco Research Online)
We found no significant association between substitution with 
e-cigarettes and either Wave 2 cessation status (AOR: 1.25; 95% CI: 
.91, 1.72) or Wave 2 and 3 cessation patterns (sustained quitting – 
RRR: 1.02, 95% CI: 0.69, 1.51; temporary quitting – RRR: 1.35, 95% 
CI: 0.91, 2.01; delayed quitting – RRR: 0.83, 95% CI: 0.53, 1.31).

Light and Intermittent Smokers (Tables A6 and A7, Available at 
Nicotine and Tobacco Research Online)
E-cigarette substitution predicted Wave 2 cessation for regular or 
heavy smokers (AOR: 1.52; 95% CI: 1.04, 2.23) but not for light 
or intermittent smokers; estimating this model on young adult and 
older adult subsamples revealed a significant relationship only for 
older adults (AOR: 1.70; 95% CI: 1.08, 2.67, n = 2057) and not for 
young adults (AOR: 0.94, 0.51, 1.73). In the longer-term models, 
e-cigarette substitution positively predicted temporary quitting for 
regular or heavy smokers (RRR: 1.61, 95% CI: 1.01, 2.56), but not 
sustained or delayed quitting.

Discussion

We used three waves of the PATH study data to investigate ces-
sation strategy effectiveness in the real world for young and 

Table 2. Cessation Status at Wave 2 (2014–2015) of the PATH Study for US Young and Older Adult Smokers Who Reported a Quit Attempt 
at Wave 2 (n = 2802) by Cessation Strategy

 
Weighted%a

 

Model 1 Model 2

AOR 95% CI AOR 95% CI

Outcome: quit at Wave 2
Cessation strategies
 Unassisted 21.2 reference  reference  
 Behavioral support alone 18.25 0.89 [0.38, 2.08] 0.66 [0.22, 2.00]
 Pharmacotherapy alone 16.31 0.81 [0.56, 1.18] 0.84 [0.57, 1.23]
 Product substitution alone 23.26 1.21 [0.91, 1.61] 1.35 [0.97, 1.90]
 2+ strategies 18.27 0.91 [0.63, 1.33] 1.04 [0.69, 1.59]
Strategies*age interaction
 Behavioral support alone*age    3.57 [0.53, 23.87]
 Pharmacotherapy alone*age    1.04 [0.33, 3.34]
 Product substitution alone*age    0.60 [0.36, 1.02]
 2+ strategies*age    0.33 [0.09, 1.14]
Covariates
 Female  1.02 [0.82, 1.27] 1.02 [0.81, 1.27]
 LGB+  0.78 [0.51, 1.19] 0.78 [0.51, 1.20]
 Race/ethnicity
  NH Black or Afr. Am.  0.56* [0.40, 0.77] 0.56* [0.41, 0.78]
  Other race/ethnicity  0.86 [0.59, 1.26] 0.85 [0.58, 1.24]
 Unable to pay bills  0.76* [0.61, 0.94] 0.75* [0.60, 0.94]
 Education, high school+  1.79* [1.21, 2.66] 1.76* [1.19, 2.61]
 Uses non-cigarette tobacco  1.03 [0.80, 1.33] 1.03 [0.80, 1.34]
 Lives with tobacco user  0.85 [0.67, 1.09] 0.85 [0.66, 1.08]
 Light or intermittent smoker  2.02* [1.61, 2.53] 2.02* [1.61, 2.55]
 # quit attempts  0.99 [0.95, 1.04] 0.99 [0.95, 1.04]
 Young adult  1.11 [0.85, 1.45] 1.30 [0.94, 1.80]
Constant  0.15 [0.09, 0.24] 0.15 [0.09, 0.23]
N  2802 2802
F statistic  6.69 4.99

CI = confidence interval; NH = Non-Hispanic.
aWeighted percentages report the percentage of respondents from each quit attempt category who had quit at Wave 2.
*p < .05.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz223#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz223#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz223#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz223#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz223#supplementary-data
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Table 3. Cessation Patterns at Wave 2 (2014–2015) and Wave 3 (2015–2016) of the PATH Study for US Young and Older Adult Smokers Who 
Reported a Quit Attempt at Wave 2 (n = 2502) by Cessation Strategy

 
Weighted%a 

Model 3b Model 4b

RRR 95% CI RRR 95% CI

Ref: no quit
Cessation strategies
 Unassisted 68.90     
 Behavioral support alone 81.30     
 Pharmacotherapy alone 74.12     
 Product substitution alone 69.00     
 2+ strategies 68.91     
Outcome 1: sustained quit
Cessation strategies
 Unassisted 13.30 reference  reference  
 Behavioral support alone 11.83 0.98 [0.34, 2.80] 0.65 [0.18, 2.33]
 Pharmacotherapy alone 8.57 0.69 [0.40, 1.19] 0.70 [0.40, 1.23]
 Product substitution alone 12.31 0.99 [0.68, 1.43] 1.10 [0.70, 1.74]
 2+ strategies 12.99 1.09 [0.64, 1.87] 1.22 [0.68, 2.19]
Strategies*age interaction
 Behavioral support alone*age    4.81 [0.34, 67.84]
 Pharmacotherapy alone*age    1.22 [0.22, 6.91]
 Product substitution alone*age    0.60 [0.26, 1.38]
 2+ strategies*age    0.32 [0.04, 2.71]
Covariates
 Female  1.05 [0.80, 1.36] 1.04 [0.80, 1.36]
 LGB+  0.73 [0.44, 1.22] 0.73 [0.44, 1.22]
 Race/ethnicity
  NH Black or Afr. Am.  0.49* [0.31, 0.80] 0.50* [0.31, 0.80]
  Other race/ethnicity  1.00 [0.57, 1.76] 1.00 [0.56, 1.77]
 Unable to pay bills  0.59* [0.43, 0.81] 0.59* [0.43, 0.81]
 Education, high school+  1.65 [0.97, 2.78] 1.62 [0.95, 2.74]
 Uses non-cigarette tobacco  1.19 [0.88, 1.61] 1.20 [0.89, 1.62]
 Lives with tobacco user  0.68* [0.52, 0.89] 0.67* [0.51, 0.89]
 Light or intermittent smoker  2.53* [1.93, 3.32] 2.53* [1.92, 3.34]
 # quit attempts  0.97 [0.92, 1.03] 0.97 [0.93, 1.03]
 Young adult  1.06 [0.73, 1.55] 1.22 [0.78, 1.92]
Constant  0.12 [0.07, 0.23] 0.12 [0.07, 0.23]
Outcome 2: temporary quit
Cessation strategies
 Unassisted 7.61 reference  reference  
 Behavioral support alone 2.61c 0.33 [0.04, 2.60] 0.33 [0.02, 5.06]
 Pharmacotherapy alone 6.51 0.95 [0.58, 1.58] 1.04 [0.61, 1.77]
 Product substitution alone 10.09 1.35 [0.94, 1.95] 1.67* [1.07, 2.59]
 2+ strategies 5.82 0.81 [0.39, 1.70] 1.02 [0.47, 2.20]
Strategies*age interaction
 Behavioral support alone*age    1.33 [0.03, 51.08]
 Pharmacotherapy alone*age    0.76 [0.09, 6.28]
 Product substitution alone*age    0.47* [0.22, 0.99]
 2+ strategies*age    0.17 [0.02, 1.97]
Covariates
 Female  0.98 [0.66, 1.45] 0.97 [0.65, 1.43]
 LGB+  0.92 [0.45, 1.87] 0.91 [0.45, 1.87]
 Race/ethnicity
  NH Black or Afr. Am.  0.55* [0.35, 0.87] 0.55* [0.35, 0.88]
  Other race/ethnicity  0.60 [0.33, 1.09] 0.59 [0.32, 1.08]
 Unable to pay bills  1.09 [0.81, 1.47] 1.10 [0.81, 1.49]
 Education, high school+  2.01* [1.06, 3.80] 1.97* [1.04, 3.73]
 Uses non-cigarette tobacco  1.04 [0.69, 1.58] 1.04 [0.69, 1.57]
 Lives with tobacco user  1.02 [0.69, 1.52] 1.01 [0.68, 1.50]
 Light or intermittent smoker  1.72* [1.19, 2.50] 1.72* [1.18, 2.50]
 # quit attempts  1.02 [0.98, 1.07] 1.02 [0.98, 1.06]
 Young adult  1.59* [1.13, 2.23] 2.14* [1.35, 3.37]
Constant  0.04 [0.02, 0.09] 0.04 [0.02, 0.09]
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older adult established cigarette smokers who had tried to quit 
smoking. Across four model specifications that adjusted for 
other tobacco use, nicotine dependence, past quit attempts, and 
socioeconomic characteristics, we found consistent evidence that 
cessation strategy use was not significantly associated with short- 
and longer-term cessation, with one exception. Product substi-
tution was positively associated with temporary quitting for  
older adults.

In line with previous research suggesting similar efficacy of 
smoking cessation interventions for young adults and the general 
population,11 we found few differences in cessation patterns for 
young adult and older adult smokers who tried to quit. Despite 
differences in the profile of young and older adult smokers, we 
found that among smokers who tried to quit, young adults were 
just as likely to have successfully quit in the short term as older 
adults and young adults were more likely than older adults to have 
made a temporary quit, compared to no cessation in either wave. 
Unfortunately, our analyses also showed that most cessation strat-
egies used in the real world were no more effective than unassisted 
quitting, which is also consistent with previous research. Moreover, 
and conflicting with prior studies,15 we found that combined 
pharmacotherapy and behavioral counseling was no more effective 
than unassisted quitting either.

Compared to other population-based studies, which have found 
past-year quit rates of around 7.4% (based on the National Health 
Interview Survey),39 the quit rates of more than 20% seem high. 
However, it should be noted that our sample is limited to partici-
pants who had made a serious quit attempt in the past year, which 
only about 50% of the smokers in the general population do,39 
which is likely the reason we observe higher success.

In our analyses, 26.88% of young adults reported using another 
tobacco product for their last cessation attempt, but product sub-
stitution did not predict cessation, regardless of smoking intensity. 
Product substitution was negatively associated with delayed quitting 
for cigarette-only smokers and positively predicted temporary 
quitting for older adult smokers. Examining e-cigarette effectiveness 
by smoking intensity, we found that substitution with e-cigarettes 
was associated with temporary quitting for older adult smokers 
of more than 5 cigarettes a day. Together, our findings suggest that 
product substitution is not effective for long-term smoking cessa-
tion and, for cigarette-only smokers, use of e-cigarettes might sup-
press longer-term cessation outcomes, which is consistent with the 
bulk of previous research on the utility of e-cigarettes for smoking 
cessation.20

We found e-cigarettes to be associated with short-term cessation 
only for one subgroup of the sample, whereas the study most similar 

Outcome 3: delayed quit
Cessation strategies
 Unassisted 10.18 reference  reference  
 Behavioral support alone 4.26c 0.41 [0.06, 2.79] 0.33 [0.03, 4.37]
 Pharmacotherapy alone 10.80 1.20 [0.72, 2.00] 1.26 [0.75, 2.12]
 Product substitution alone 8.60 0.82 [0.54, 1.25] 0.89 [0.55, 1.44]
 2+ strategies 12.27 1.28 [0.76, 2.16] 1.08 [0.60, 1.96]
Strategies*age interaction
 Behavioral support alone*age    2.89 [0.07, 118.98]
 Pharmacotherapy alone*age    0.13 [0.01, 1.91]
 Product substitution alone*age    0.69 [0.32, 1.52]
 2+ strategies*age    2.28 [0.55, 9.52]
Covariates
 Female  0.99 [0.72, 1.35] 0.99 [0.72, 1.36]
 LGB+  1.21 [0.72, 2.02] 1.20 [0.72, 1.99]
 Race/ethnicity
  NH Black or Afr. Am.  0.47* [0.29, 0.75] 0.47* [0.30, 0.75]
  Other race/ethnicity  0.75 [0.40, 1.39] 0.76 [0.41, 1.41]
 Unable to pay bills  0.85 [0.59, 1.22] 0.84 [0.59, 1.20]
 Education, high school+  1.86* [1.11, 3.11] 1.88* [1.12, 3.17]
 Uses non-cigarette tobacco  1.37 [0.96, 1.97] 1.38 [0.96, 1.99]
 Lives with tobacco user  0.74 [0.54, 1.00] 0.73 [0.54, 1.00]
 Light or intermittent smoker  2.51* [1.81, 3.49] 2.48* [1.78, 3.45]
 # quit attempts  0.98 [0.95, 1.01] 0.98 [0.95, 1.01]
 Young adult  1.13 [0.79, 1.63] 1.16 [0.75, 1.80]
Constant  0.08 [0.04, 0.13] 0.07 [0.04, 0.13]
N  2502 2502
F statistic  4.82 3.74

CI = confidence interval; NH = Non-Hispanic.
aWeighted percentages report the percentage of respondents from each quit attempt category who had the specific cessation outcome (eg of respondents who re-
ported trying to quit unassisted, 68.9% had not quit at either wave).
bEstimates from multinomial logistic regression with four-category outcome variable. Reference group: no quit at both Waves 2 and 3.
cEstimates unstable due to limited sample size.
*p < .05.

Table 3. Continued
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to ours found using e-cigarettes to quit positively predicted Wave 
2 abstinence.23 Different choices of outcome (30-day abstinence vs. 
smoking status), use of propensity score matching, and inclusion of 
adults over 64 might explain differences in findings. Our addition of 
Wave 3 suggests that any effectiveness of e-cigarettes for smoking 
cessation may be short-lived.

We found that light or intermittent smoking was positively as-
sociated with short- and longer-term cessation, consistent with pre-
vious research.40 In addition to smoking intensity, the most consistent 
finding across models was the predictive power of demographic and 
socioeconomic characteristics on cessation status. African American 
respondents were less likely to be successful, adjusting for nicotine 
dependence and cessation strategy. This finding is consistent with 
previous work that has found African American smokers to have 
similarly high quit intentions and quit attempts but less likelihood of 
success than their white counterparts.41 Income insecurity and lower 
education were also associated with less cessation success. The fact 
that race and socioeconomic status consistently predicted cessation 
success while the use of cessation aids did not, presents a significant 
challenge to health equity that needs to be addressed in cessation 
treatment.

Limitations
There are several limitations to this study. Due to data limitations, 
we could only investigate the most recent quit attempt, could not 
investigate patterns of quit attempts and strategies, and could 
not identify how smoking behavior changed immediately fol-
lowing a cessation attempt. We were not able to determine how 
nicotine replacement therapy, prescription drugs, and substituted 
products were used and whether unobserved patterns of use or 
e-cigarette device type can help explain our findings.42,43 Relatedly, 
the behavioral therapy measure includes many types of treatment 
(counseling, quit lines, web-based programs) and we are unable to 
determine the relative effectiveness of those programs in this study. 
Moreover, text-messaging smoking cessation programs, which 
have good evidence of efficacy44 and smoking apps, for which there 
is nascent and promising evidence45 were not explicitly mentioned 
in the assessment instrument. Finally, due to limited sample size, we 
were unable to differentiate between types of pharmacotherapy, al-
though previous work has found that the effectiveness of pharma-
cotherapy varied across products.15,18,46 Small sample size yielded 
large CIs for estimates of behavioral support and age interaction 
terms; although the relative risk ratio is large, we cannot conclude 
there is a significant age interaction effect. Sample size limitations 
also required our e-cigarette substitution measure to include indi-
viduals who used e-cigarettes in combination with other tobacco 
products to try to quit.

Conclusion

This study evaluated predictors of cessation success for young adults 
using a large, nationally representative longitudinal dataset of to-
bacco use. We were particularly interested in whether young adult 
smokers, who have less short-term intention to quit, lower nicotine 
dependence, and more unassisted quit attempts compared to older 
adults,10 were more or less successful than older adults once they de-
cided to make a quit attempt. We found that, although young adult 
and older adult smokers had different patterns of cessation strategy 
use, there were few differential effects of those strategies on cessation 
by age group, and none of the strategies examined were significantly 

associated with successful cessation for young adults at the popula-
tion level. One key finding is that e-cigarettes were found to neither 
assist nor deter quitting among young adults, although they had tem-
porary benefit for older adult regular and heavy daily smokers. More 
work is needed to identify effective interventions that help young 
adult smokers quit before they become lifelong users.
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