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Abstract

Objectives: The susceptibility to smoking index can be improved as it only identifies one third of
future adult smokers. Adding curiosity to this index may increase the identification of future smok-
ers and improve the identification of effective prevention messages.

Methods: Analyses used data from the California Longitudinal Study of Smoking Transitions in
Youth, for whom tobacco use behaviors, attitudes, and beliefs were assessed at 3 time points from
age 12 through early adulthood. Logistic regressions were used to evaluate whether baseline curi-
osity about smoking was predictive of smoking during the 6-year follow-up period and whether
curiosity about smoking provided evidence of incremental validity over existing measures of sus-
ceptibility to smoking.

Results: Compared to those who were classified as definitely not curious about smoking, teens
who were classified as probably not curious (ORadj =1.90, 95% Cl = 1.28-2.81) and those classified
as definitely curious (O.‘?adj = 2.38, 95% Cl= 1.49-3.79) had an increase in the odds of becoming a
young adult smoker. Adding curiosity to the original susceptibility to smoking index increased
the sensitivity of the enhanced susceptibility index to 78.9% compared to 62.2% identified by the
original susceptibility index. However, a loss of specificity meant there was no improvement in the
positive predictive value.

Conclusions: The enhanced susceptibility index significantly improves identification of teens at
risk for becoming young adult smokers. Thus, this enhanced index is preferred for identifying and
testing potentially effective prevention messages.

Introduction However, this index could be improved as it categorizes as at risk
only one third of nonsmoking teens who become future smokers.>*
Studies identifying influences that promote or minimize the transi-
tion to smoking are much more generalizable when the study popu-
lation includes a majority of future adult smokers identified while

Ideas to improve the effectiveness of interventions to prevent initia-
tion of cigarette smoking need to come from studies of those at risk
to make this transition.! Several groups of researchers have dem-
onstrated that the susceptibility to smoking index? identifies teens

. . . .. . they are still nonsmokers.
with a twofold risk of starting to smoke and it is now widely used. ¥
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Early work on measuring risk for adult smoking focused on a
positive intention to smoke, but few teens had such an intention so
the measure identified very few future smokers.”® The key advance
with the susceptibility to smoking index was to classify nonsmok-
ers as “at risk” unless they were strongly committed to remain
never-smokers (Pierce, Farkas, Evans, Gilpin®—volume 1 and 2).
This index also included further classification of high-risk teens by
targeting self-efficacy for refusing cigarettes (ability to resist a best
friend’s offer of a cigarette), the situation in which many adult smok-
ers report having their first cigarette.!®!!

Efforts to further refine identification of the lowest risk teens
suggested inquiring about cognitions that may precede formation of
intentions about smoking. When current smokers are asked for rea-
sons they initiated smoking, most report that they were motivated by
curiosity,'>!3 as people are similarly motivated for many new behav-
iors." Curiosity has long been considered a primary cognitive moti-
vational state underlying pursuit of novel experiences." Curiosity has
been included as a key mediator in a number of marketing theories
promoting novel consumer behavior.!®!” Thus, curiosity could be the
first smoking-related cognition that an individual has, with other
influences on smoking (e.g., exposure to smokers, receptivity to mar-
keting, etc.) leading an individual to become curious. Recently, curi-
osity was added to susceptibility in a national study and the enhanced
index identified half of never-smokers who later experimented with
cigarettes.'® However, the real value of the index must be assessed
by its ability to identify never-smokers who go on to become adult
smokers, as many who experiment do not progress.'’

The aim of this paper is to extend previous research by testing the
predictive validity for young adult smoking of an enhanced suscep-
tibility index that includes curiosity measured in a population sam-
ple of young adolescents. In this study, we use a large longitudinal
study of Californians, for whom tobacco use behaviors, attitudes,
and beliefs were assessed at 3 time points from age 12 through early
adulthood. We hypothesize that the enhanced susceptibility index
measured in the early adolescent years will predict established smok-
ing by the time they reach young adulthood 6 years later.

Methods

Study Participants and Survey Methods

The 1996 California Tobacco Survey used a random digit dialing
methodology to identify and complete interviews with a random,
representative sample of 39,674 households in California. A full
description of the methodology for this survey has been presented.?**!
During an initial screening interview with an adult household mem-
ber (n = 39,674), the household was enumerated and all identified
adolescents aged 12-17 years were scheduled for an extended phone
interview. Interviews were completed with 4,287 adolescents aged
12-15 years (cooperation rate= 71.2%). Participants were con-
sented only for the cross-sectional survey although the household
did agree to be recontacted. In 1999, with separate funding for the
Longitudinal Study of Smoking Transitions in Youth, we attempted
to contact all 12-15 year olds who responded to the 1996 survey
and consented and re-interviewed 2,825 (66%). In 2002, again with
separate funding, we attempted to contact adolescents who com-
pleted the 1999 interview and consented and re-interviewed 2,034
(cooperation rate 72%). Thus 47% of a cohort of 12-15 year olds
(n = 2,034 of 4,287) originally interviewed in 1996 were assessed
at both 1999 and 2002. This report focuses on the 1,577 who were
never-smokers in 1996 and who completed the three interviews.

Sample Weighting and Statistical Analysis

As previously described for the California Tobacco Survey,?? person-
level survey weights were developed to account for adolescent selec-
tion probabilities at baseline. These were adjusted to account for
nonresponse in both the baseline and follow-up interviews (using
census totals). The probability of response for the longitudinal sam-
ple was adjusted for demographic characteristics, smoking status of
parent, and smoking rules in the home. Replicate weights were com-
puted so that jackknifed variance estimates could be used to account
for the sampling design and the weighting scheme.??

Survey Measures

Sociodemographics

Demographic characteristics measured at baseline included age, gen-
der, and race/ethnicity. To control for factors known to be associated
with smoking, adolescents were asked about academic achieve-

ment,”*2¢ having family members who smoke, %

and having
peers who smoke.**-* Following previous work, to assess academic
achievement adolescent participants were asked: “How do you do
in school?,” with response categories of much better than average,
better than average, average, or below average. Exposure to cigarette
smokers in the family was determined with an affirmative response
to either of the following questions: “Do any of your parents, step-
parents or guardians now smoke cigarettes?” or “Do your older
brothers or sisters smoke cigarettes? ”. Exposure to smoking among
peers was indicated by any response > 0 to either of the following
questions: “Of your best friends who are male, how many of them
smoke?” and “Of your best friends who are female, how many of
them smoke?”. Following earlier work,** we collapsed exposure into
a binary variable for family and another for friends.

Tobacco Use

Tobacco use was assessed at baseline and all follow-up waves using
validated standard measures.’*** Never-smokers at baseline were
identified with a negative response to both of the following ques-
tions, “Have you ever smoked a cigarette?” and “Have you ever tried
or experimented with cigarette smoking, even a few puffs?” Never-
smokers at follow-ups were participants who responded “no” to the
question, “Have you smoked at least 100 cigarettes in your life?”
A positive response to this question during the 1999 or 2002 assess-
ment classified the respondent as having ever established tobacco
use. A repeated opportunity to inquire about tobacco use behavior
was afforded by these two surveys and enabled capture of tobacco
users who may have been established in 1999 but did not report
established smoking in 2002 (7 = 16). These cases are included
given our outcome was the report of established smoking by young
adulthood.

Receptivity to Tobacco Advertising

At baseline, receptivity to tobacco advertising was measured with
two sets of questions: “If you were given a tee shirt or a bag that had
a tobacco industry cigarette brand image on it, would you use it?”;
“Think back to the cigarette advertisements you have recently seen.
What is the name of the cigarette brand of your favorite cigarette
advertisement?” Respondents who did not name a brand were also
asked, “Of all the cigarette advertisements you have seen, which do
you think attracts your attention the most?” Those who responded
“probably yes” or “definitely yes” that they would use an item
with a tobacco logo were classified as “highly receptive.” Those not



864

Nicotine & Tobacco Research, 2015, Vol. 17, No. 7

classified as “highly receptive,” but who named a favorite cigarette
brand were classified as “moderately receptive.” Remaining respond-
ents were classified as “low receptivity” For the analyses “moder-
ately” or “highly” receptive adolescents we each compared to the
“low receptivity” adolescents. This receptivity index has been shown
to have predictive validity for future smoking.*®

Susceptibility to Smoking

At baseline, susceptibility to smoking? was assessed with three items:
“Do you think that in the future you might experiment with ciga-
rettes?”; “At any time during the next year do you think you will
smoke a cigarette?”; and “If one of your best friends were to offer
you a cigarette, would you smoke it?” Response options included
“definitely not,” “probably not,” “probably yes,” and “definitely
yes.” Adolescents reporting “definitely not” to all three questions

» o«

were classified as “committed never-smokers.” Those reporting
“probably yes” or “definitely yes” on at least one question were clas-
sified as “highly susceptible” and the remaining respondents who did
not endorse “probably yes” or “definitely yes” for any question and
failed to report “definitely not” on all questions were classified as
“susceptible.” The susceptibility index has been shown to be a valid
predictor of future smoking initiation.”

Curiosity
At baseline, curiosity about smoking was assessed using the validated
item, “Have you ever been curious about smoking a cigarette?”.%”

» »

Response options included, “definitely not,” “probably not,” “prob-
ably yes,” and “definitely yes.” Given low response rates to the high-
est categories, we collapsed “probably yes” and “definitely yes” to
yield a three-level index for use in all analyses. This item has been

shown to be a valid predictor of smoking initiation.?”

Analysis Plan

We used logistic regression to evaluate whether baseline reports
of curiosity about smoking were predictive of young adult smok-
ing during the 6-year follow-up period and whether curiosity about
smoking provided evidence of incremental validity over existing
measures of susceptibility to smoking. The model included 1,525
adolescents after removing 52 cases with missing covariate or out-
come indices. These were weighted to account for the survey design

”38 package and R statistical software.’” All models

using the “survey
included sociodemographic, social smoking environment, perceived
school performance, and level of receptivity to advertising when
evaluating the relationship of curiosity and susceptibility measures

with young adult smoking.

Results
Study Retention

Table 1 reports the 1996 sample characteristics of those who were
resurveyed in 2002 compared to those who were not. Adolescents
who were older, reported non-White race (Black or Hispanic), lower
academic performance, family smoking, peer smoking, or higher
receptivity to tobacco advertising were less likely to be followed (ps
< .001). The likelihood of a follow up interview was not associated
with susceptibility (p = .65) or curiosity (p = .17). Sample weighted
base rate of established smoking was 3.30.5% in 1999, 14.9=1%
in 2002 with 15.4=1% of adolescents reporting established smok-
ing at one of the two surveys.

Curiosity Among Never Smoking Adolescents

Table 2 describes the baseline curiosity variable by sociodemograph-
ics for the 1,574 adolescent never-smokers for whom data were
available. Greater levels of curiosity were found among those who
were older (x> = 3.24, p = .006), male (x> = 3.86, p = .02), lived
with a smoker (x> = 9.23, p = .0002), identified friends who smoked
(x> = 43.53, p < .0001), reported greater receptivity to tobacco
advertising (x> = 12.70, p < .0001), and were classified as having a
higher susceptibility to smoking (y*> = 41.29, p < .0001).

Curiosity, Susceptibility, and Young Adult Smoking

At baseline, over half (51.7%; n = 816) of adolescents were catego-
rized as definitely not curious, 25.4% as probably not curious, and
22.9% probably/definitely been curious. Of those who were defi-
nitely not curious at baseline, significantly fewer were young adult
smokers by 2002 compared to those categorized as either proba-
bly not curious or as having been curious (9% vs. 18% and 25%,
respectively; y? = 51.78,df = 2, p < .001).

Using logistic regression, we evaluated how the original sus-
ceptibility index and the curiosity question predicted young adult
smoking, first in unadjusted models and then in multivariable mod-
els adjusting for variables known to potentially predict later smok-
ing behavior (e.g., age, gender, race/ethnicity, school performance,
parental smoking, peer smoking, receptivity to tobacco market-
ing). In unadjusted models, increasing responses on the susceptibil-
ity index were associated with an increase in odds of 1.05 (95%
Cl = 0.71-1.58, p = .79) and 1.94 (95% CI = 2.87-4.25, p < .001)
over adolescents classified as committed never-smokers. In unad-
justed models, increasing levels of the curiosity index were associated
with an increase in odds of 2.19 (95% CI = 1.49-3.21,p < .001) and
3.22 (95% CI = 2.19-4.75, p < .001) over those definitely not curi-
ous. When models were adjusted with all examined variables, again,
the only level of the susceptibility index that remained a significant
predictor of young adult smoking was the highest level (Table 3 and
Supplementary Table 1). When compared to committed never-smok-
ers, highly susceptible teens had 2.42 times higher odds of becom-
ing young adult smokers. However, in adjusted models that included
the susceptibility index, each increasing level of curiosity remained
independently associated with an increase in the odds of young adult
smoking. Compared to those who were definitely not curious about
smoking, teens who were probably not curious had a 1.90 (95%
CI = 1.28-2.81, p < .001) increase in the odds of becoming a young
adult smoker and teens who indicated that they were either probably
or definitely curious were 2.38 (95% CI = 1.49-3.79) higher. We
examined whether the value of curiosity as a risk factor varied across
demographic characteristics. No two-way interaction terms of curi-
osity with age, gender, or ethnic status was significant statistically
(F(8,25) = 1.39, p = .25) suggesting a consistent effect of curiosity
on risk for established smoking that was independent of the original
susceptibility index.

Given support for the incremental predictive validity of enhanc-
ing the susceptibility index with the curiosity question, we examined
the frequency of young adult smoking for each level of curiosity
within groups of teens classified as committed never-smokers, sus-
ceptible, and highly susceptible to smoking using the original suscep-
tibility index (Figure 1). We did not find support for an interaction
between the susceptibility index and levels of curiosity and the set of
interaction terms added to the previous multivariable logistic model
was not statistically significant (F(4,28) = 0.95, p = .45). This analy-
sis suggests that both the susceptibility index and levels of curiosity
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Table 1. Comparison of Teens Who Were Followed and Not Followed Across 1996, 1999, and 2002 Surveys
Followed to 2002 (7 = 1,574) Not followed (n = 2,077)
Variable N % N % p value
Age
12 490 31.13 443 21.33 <.001
13 443 28.14 389 18.73
14 352 22.36 412 19.84
15 289 18.36 833 40.11
Missing 0 0
Gender
Male 781 49.62 1,043 50.22 725
Female 793 50.38 1,034 49.78
Missing 0 0
Race/ethnicity
Non-Hispanic White 993 63.09 923 44.44 <.001
Hispanic 299 19.00 671 32.31
Black 67 4.26 200 9.63
Asian/PI 160 10.17 217 10.45
Other 55 3.49 66 3.18
Missing 0 0
School performance
Average and below 436 27.70 786 37.84 <.001
Better than average 627 39.83 773 37.22
Much better than average 497 31.58 500 24.07
Missing 14 0.89 18 0.87
Family smoking
No 1,114 70.78 1,292 62.20 <.001
Yes 460 29.22 785 37.79
Missing 0 0
Peer smoking
None smoke 976 62.01 1,105 53.20 <.001
Some smoke 598 37.99 972 46.80
Missing 0 0
Receptivity to ads
Low 557 35.39 751 36.16 <.001
Moderate 769 48.86 915 44.05
High 218 13.66 380 18.30
Missing 33 2.10 31 1.49
Susceptibility index
Committed never-smoker 748 47.52 1,010 48.63 650
Susceptible never-smoker 598 37.99 758 36.49
Highly susceptible never-smoker 228 14.49 309 14.88
Missing 0 0
Curiosity
Definitely not 816 51.84 1,117 53.78 174
Probably not 402 25.54 475 22.87
Probably/definitely yes 356 22.62 485 23.35

provided independent predictive validity and thus may be comple-
mentary when assessing the probability of young adult smoking.

A comparison of the original susceptibility index and the
enhanced susceptibility index that included a sum of the three-level
susceptibility and three-level curiosity index (scored 0-4) is presented
in Table 3 along with the number of teens (unweighted) within levels
of each index classified as established smokers at the later surveys.
Typically, the susceptibility index is used to make a binary classifica-
tion of risk and in Table 4, respondents were identified as committed
never-smokers with all others being labeled as susceptible. The origi-
nal index classified almost half (48%) of the 12-135 year old popula-
tion of California in 1996 as susceptible to smoking and 19% of
these became young adult smokers (positive predictive value [PPV]).
The sensitivity of this measure (i.e., the identification of those who

actually became young adult smokers) was 62% and the specific-
ity (the percent of long term never-smokers identified as committed
never-smokers at 12-15 years) was 50%. The enhanced susceptibil-
ity index identified two thirds (67%) of this young teenage popula-
tion as at risk to start smoking and 19% of these became young
adult smokers. Thus, the sensitivity of this enhanced measure was
79% (up from 62%) but the specificity was 36% (down from 50%)
although the PPV did not change (18.9% vs. 19.0%).

Discussion

In this six year follow-up study, adolescents who reported being
curious about smoking were much more likely to become young
adult smokers. Adding curiosity to the original susceptibility index
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Table 2. Baseline Participant Characteristics by Past Curiosity About Smoking, N= 1,574

Variable Definitely not N (%) Probably not N (%) Probably/definitely yes N (%) p value
Overall 816 (51.7%) 402 (25.4%) 356 (22.9%)
Age
12 288 (59.0%) 119 (24.0%) 3(17.0%) .0060
13 230 (52.0%) 112 (25.0%) 1 (23.0%)
14 165 (47.0% 105 (30.0%) 82 (23.0%)
15 133 (46.0%) 6(23.0%) 90 (31.0%)
Missing 0 0 0
Gender
Female 440 (55.0%) 197 (25.0%) 156 (20.0%) .0244
Male 376 (48.0%) 205 (26.0%) 200 (26.0%)
Missing 0 0 0
Race/ethnicity
Non-Hispanic White 513 (52.0%) 271 (27.0%) 209 (21.0%) 1178
Hispanic 149 (50.0%) 1(24.0%) 9 (26.0%)
Black 1 (46.0%) 3(19.0%) 3 (34.0%)
Asian/PI 9 (55.0%) 8(23.0%) 33 (20.0%)
Other 4(62.0%) 9 (16.0%) 12 (22.0%)
Missing 0 0 0
School performance
Average 212 (48.0%) 118 (27.0%) 106 (24.0%) 4090
Better than average 308 (49.0%) 160 (25.0%) 59 (25.0%)
Much better than average 285 (57.0%) 122 (25.0%) 90 (18.0%)
Missing 1(79.0%) 2 (14.0%) 1(7.0%)
Parental smoking
No 608 (55.0%) 286 (26.0%) 220 (20.0%) .0002
Yes 208 (45.0%) 116 (25.0%) 136 (29.0%)
Missing 0 0 0
Peer smoking none
Some 590 (60.0%) 251 (26.0%) 135 (14.0%) <.0001
Missing 226 (38.0%) 151 (25.0%) 221 (37.0%)
Receptivity to tobacco marketing
Low 355 (64.0%) 115 (21.0%) 7 (16.0%) <.0001
Moderate 371 (48.0%) 218 (28.0%) 180 (23.0%)
High 0(32.0%) 64 (29.0%) 1(37.0%)
Missing 0 (61.0%) 5(15.0%) 8 (24.0%)
Original susceptible index
Committed never 528 (70.0%) 137 (18.0%) 86 (11.0%) <.0001
Moderate 237 (40.0%) 214 (36.0%) 144 (24.0%)
High 1(22.0%) 1(22.0%) 126 (55.0%)
Missing 0 0 0
Table 3. Predictors of Established Smoking by Follow-Up From 1996, 1999, and 2002 Surveys, N = 1,574
Variable n Established % OR® 95% CI p value AOR® 95% CI p value
Model 1: original susceptible index
Committed never 751 13% 1.00 - - 1.00 - -
Susceptible 595 14% 1.06 0.71-1.57 .79 0.93 0.61-1.41 746
Highly susceptible 228 32% 2.87 1.94-4.26 <.001 2.42 1.64-3.58 <.001
Model 2: extended susceptibility index
0 528 10% 1.00 - - 1.00 - -
1 374 10% 1.25 0.78-1.99 .361 1.17 0.73-1.87 .52
2 351 19% 2.23 1.38-3.62 .002 2.00 1.18-3.42 015
3 195 21% 2.23 1.38-3.59 .002 1.90 1.10-3.26 .027
4 126 39% 5.42 3.18-9.23 <.001 4.51 2.50-8.15 <.001

Note.*Unadjusted odds ratio (OR).

"Adjusted odds ratio (AOR) in a model that includes age, gender, race/ethnicity, school performance, household smoking, peer smoking, receptivity to marketing.
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Figure 1. Frequency of reports of adult smoking among committed never-smokers, susceptible, and highly susceptible adolescents with increasing levels of
curiosity about smoking. Both susceptibility and curiosity are independently related to adult smoking.

Table 4. Comparison of Original and Enhanced Susceptibility Indices

Baseline % Identified as at risk Sensitivity* Specificity® PPV
Original susceptibility index 47.7% 62.2% 49.6% 18.9%
Enhanced susceptibility index 66.5% 78.9% 35.9% 19.0%

Note. *Sensitivity: percent of adult smokers identified as “at risk” at age 12-135.

bSpecificity: percent of adult never-smokers identified as “committed never-smokers” at age 12-135 years.

Positive predictive value (PPV): percent identified as “at risk” who became adult smokers.

resulted in one third more adult established smokers (79%) being
identified as at risk while they were still never smoking adolescents.
However, this desired increase in sensitivity with the enhanced index
came at the cost of its specificity, so that there was little change in
the low positive predicted value. However, the high sensitivity of the
enhanced index does allow opportunities to use these at risk adoles-
cents to develop more effective prevention messages.

A recent paper on favorite advertising for and against cigarettes high-
lighted this point.*’ The identification of favorite antismoking messages
varied for teen never-smokers depending on their receptive to tobacco
industry advertising, a known influence on susceptibility and curios-
ity.”” Those who were more likely to have been labeled as at risk by the
enhanced index were much less likely to identify health consequences
messages as their favorite antismoking messages than those who were
more likely to be committed never-smokers. Choosing a message that is
highly salient to those with little risk to become a smoker will probably
be much less effective in preventing initiation than one that was salient
to those who would become smokers. Thus, when developing effective
interventions is the goal, it is the sensitivity of the index that is impor-
tant with little downside if the measure has a lower specificity.

The sensitivity of the enhanced measure was much higher than
expected from the earlier paper'® and this may be an artifact of the
timing of this study. The baseline measure occurred in 1996 which was
the height of expenditures on the Tobacco Industry’s teen marketing
campaign that included R.]J. Reynolds “Joe Camel” campaign as well
as the promotional programs (Marlboro Miles, Camel Cash etc.).??
Both of these are expected to reduce the number of committed never-
smokers. The baseline year in this study was also the peak in smok-
ing prevalence among high school seniors.*! The Master Settlement
Agreement of 1998 between the State Attorneys’ General and the
Tobacco Industry was designed to remove many of the marketing
approaches that could impact teens and resulted in a major shift in the

Industry’s advertising and promotional expenditures.** Additionally,
many states strengthened their enforcement of sales to minors laws. In
California, the combination of these two issues along with the conduct
of a comprehensive tobacco control program was associated with a
major decline in teen experimentation to smoke from 1996 through
2002.% Thus, these findings should be replicated in future studies to
determine if the enhanced susceptibility measure performs as well in
predicting young adult smoking within the context of currently evolv-
ing smoking laws and social norms in the United States.

Another limitation of these results is that participants were only
followed until young adulthood (age 18-21), when it is known that
the window for smoking initiation extends through age 24 years."
Thus, it is likely that our study will underestimate those who will
become adult established smokers. Future studies should replicate
these findings in adolescents who are followed further into adulthood.

Although this was a representative sample of Californians, these
findings may not be generalizable to the rest of the United States as
California has a much lower prevalence than the rest of the coun-
try.* In addition, participants were not enrolled in a longitudinal
study, but were separately consented for each follow-up. Loss to
follow-up in such studies is related to participant relocation, biasing
against those with lower socioeconomic status and from minority
population groups who have less stable housing situations. While
data were weighted to adjust for this under-representation, this does
not completely remove the bias.

Conclusions

The enhanced susceptibility index that includes a measure of curios-
ity significantly improves identification of teens at risk for becoming
young adult smokers. With this increase in sensitivity, the enhanced
index will serve as a more comprehensive early warning of future
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smoking behaviors and could be used to develop more targeted
interventions. Future research should examine the enhanced index in
distinct environments and population groups. The upcoming longi-
tudinal nationally-representative Population Assessment of Tobacco
and Health Study will help to further explore the enhanced suscepti-
bility index and its relevance in today’s complex tobacco landscape.

Supplementary Material

Supplementary Table 1 can be found online at http://www.ntr.
oxfordjournals.org
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