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ABSTRACT

Introduction: Among smokers, former smokers, and never-smokers, this study aimed to (a) determine the predictive value of
smoking expectancy on future smoking status, and (b) test the relative contribution of genes and environment to a person’s ability
to accurately predict future smoking status. For smokers, smoking expectancy reflects the intention to continue smoking; for for-
mer smokers, it reflects the intention to take up smoking again; and for never-smokers, it reflects the intention to initiate smoking.

Methods: A longitudinal design was employed in which participants of the Netherlands Twin Register completed 2 consecutive
surveys 2 years apart between 1993 and 2011 (3,591 adolescents aged 1418 years), or between 1993 and 2004 (11,568 adults,
aged 18+ years). Smoking expectancy was measured by asking, “Do you think you’ll smoke in a year’s time?”, with answer
categories ranging from “certainly not” to “absolutely yes” on a 5-point scale. To determine the predictive value of smoking
expectancy, analyses were performed in smokers, former smokers, and never-smokers separately. Data of 2,987 adolescents and
4,911 adult twins were analyzed to estimate heritability. A dichotomous variable reflected the ability to predict future smoking
status (correct/incorrect).

Results: Smoking expectancy significantly predicted future smoking status among former smokers and never-smokers. The
ability to accurately predict future smoking status was explained by additive genetic factors for 59% of adolescents and 27% of
adults, with the remainder being explained by unique environmental factors.

Conclusions: A single question on smoking expectancy helps predict future smoking status. Variation in how well subjects

predict their future smoking behavior is influenced by genetic factors, especially during adolescence.

INTRODUCTION

Smoking remains a major public health problem worldwide and
can cause severe morbidity (CDC, 2004). The World Health
Organization has estimated that up to half of all tobacco users
will eventually die from a tobacco-related disease (WHO,
2011). Despite these facts, 28% of adult men and 26% of adult
women in the Netherlands were smokers in 2010 (Nationaal
Kompas Volksgezondheid, 2011), while 16% of adolescents
smoked occasionally, and 10% versus 9% of male and female
adolescents smoked daily (CBS, 2010a). Smoking cessation
leads to a significant decrease in the risk of serious health prob-
lems (Taylor, Hasselblad, Henley, Thun, & Sloan, 2002), and a
complete understanding of smoking behavior and its predictors
might aid in developing successful intervention programs. This
study explores the expectancy people have about their own future
smoking behavior. Such “smoking expectancy” may predict not
only whether smokers continue smoking but also whether for-
mer smokers will relapse or never-smokers will initiate smoking.
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In general, adolescent never-smokers are more susceptible to
the initiation of smoking than (young) adults. In Dutch young-
sters, the mean age at first cigarette is 15 years (CBS, 2010b),
with 89% of ever-smokers having started smoking before the
age of 18 years (Stivoro, 2009). Young males were more likely to
initiate smoking than females (Freedman, Nelson, & Feldman,
2012; Nuno, Zhang, Harris, Wilkinson-Lee, & Wilhelm, 2011),
and a lower educational level in adolescence was associated
with a higher chance of smoking in young adulthood (Mendel,
Berg, Windle, & Windle, 2012).

In current smokers, the intention to quit predicted a future
quitting attempt and was higher in smokers who smoked for
a shorter period of time and/or smoked fewer cigarettes per
day (Smit, Fidler, & West, 2011). Whether or not smokers
expected to be successful in quitting was also predictive of a
future quit attempt (Abdullah et al., 2006). Together, attitude
toward quitting smoking, opinions of friends and family about
smoking, and the extent to which one believes to be able to quit
accounted for approximately 30% of the variance in quitting
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intentions (Rise, Kovac, Kraft, & Moan, 2008). Past quit
attempts and having concerns about the health effects of smok-
ing were predictive of making a quit attempt in the future while
succeeding in quitting was influenced by cigarette dependency
(Vangeli, Stapleton, Smit, Borland, & West, 2011). Having had
health problems in the past increased the intention to quit and
the chance to make a quit attempt (Abdullah et al., 2006).

In former smokers, risk factors for relapse include a lower
abstinence self-efficacy and a higher frequency of urges to
smoke (Herd, Borland, & Hyland, 2009; Yong, Borland,
Cooper, & Cummings, 2010). A higher former cigarette
dependence increased the chance of relapse following a quit
attempt (Yeh, Ellerbeck, & Mahnken, 2012), while a higher
educational level and a higher self-reported health were associ-
ated with a lower risk or relapse (Augustson et al., 2008; Reid
et al., 2010; Wetter et al., 2004).

Smoking expectancy might be able to predict future smok-
ing behavior in never-smokers, current smokers, and former
smokers, making it a useful tool for identifying risk groups.
Up until now, publications on smoking expectancy (measured
by asking if a person thinks he/she will smoke next year) are
scarce. In adolescents from New Zealand, a higher age was
associated with a higher chance of being a smoker and thus
with a higher expectancy to (still) smoke in the future (McCool,
Cameron, Petrie, & Robinson, 2003). Smoking adolescents
tended to underestimate the chances of continuing, while non-
smoking adolescents underestimated the chances of initiating
smoking (Schoenbaum, 2005). In addition, susceptibility to
smoking (defined as not being able to rule out the possibility
of smoking in a year) was a strong predictor of starting smok-
ing in nonsmoking adolescents (Forrester, Biglan, Severson, &
Smolkowski, 2007).

Multiple aspects of smoking behavior are influenced by
genetic factors, including smoking initiation, nicotine depend-
ence (Li, Cheng, Ma, & Swan, 2003; Sullivan & Kendler,
1999; Vink, Willemsen, & Boomsma, 2005), and smoking ces-
sation (Broms, Silventoinen, Madden, Heath, & Kaprio, 2006).
Genetic factors may also influence people’s ability to accu-
rately predict their own future smoking status and understand-
ing how individual differences can be explained may assist in
tailoring of prevention strategies. As for every human complex
trait, we expect people to differ in how well they assess their
own future smoking behavior. Some might be overly optimistic
about their ability to quit, while others may be more capable
of predicting their future smoking behavior. Such individual
differences are likely to have a heritable component, possibly
related to genetically influenced personality traits like opti-
mism. Self-knowledge about ability to quit may also depend
on experience and age. The extent to which this knowledge
depends on genotype may be age dependent as well, decreasing
when people gain more experience about their own behavior.
We, therefore, investigate the heritability of predicting future
smoking status in both adolescents and adults.

Longitudinal data on smoking expectancy were collected
in two large groups of participants from the Netherlands Twin
Register (NTR; 3,591 adolescents and 11,568 adults). Within
each age group, smoking expectancy for current smokers
reflects the intention to continue smoking, while for former
smokers, it reflects the intention to take up smoking again, and
for never-smokers, the intention to initiate smoking. We aimed
to (a) determine the predictive value of smoking expectancy
on future smoking status through longitudinal analyses and (b)
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estimate the relative contribution of genetic and environmental
factors to the ability to accurately predict future smoking status
through genetic analyses of twin data.

METHODS

Subjects

All participants are enrolled in longitudinal survey studies of
the NTR (van Beijsterveldt et al., 2013; Willemsen et al., 2013).
The young NTR consists of participants who were recruited
as newborn twins from 1987 onwards and their siblings who
were included later on. The adult NTR comprises adolescents
and adult twins and their family members who were recruited
since 1990.

Data were analyzed separately for adolescents (aged
14-18 years) and adults (aged 18+ years). We first selected
3,591 adolescents and 11,568 adult participants who com-
pleted at least two successive surveys approximately two years
apart. After discarding participants with an unknown smoking
status, the adolescent group consisted of 3,114 twins and their
siblings (40% male; 4% nontwin; mean age 15.7 years, SD
1.1). Between 1993 and 2011, the adolescents completed two
surveys either around 14 and 16 or 16 and 18 years. The adult
group contained 10,468 participants (41% male; 53% nontwin;
mean age 37.0 years, SD 14.3). Adults completed two or more
consecutive surveys in 1993, 1995, 1997, 2000, 2002, and/or
2004. Data on smoking expectancy were collected in all sur-
veys, except in 2004.

For the genetic analyses, data from 2,987 adolescent twins
(1,106 complete pairs and 775 twins from incomplete pairs)
were available. This group included 422 monozygotic male
(MZM), 348 dizygotic male (DZM), 800 monozygotic female
(MZF), 499 dizygotic female (DZF), and 918 dizygotic oppo-
site sex (DOS) twins. In the adult group, a total of 4,911 twins
(1,911 complete pairs and 1,089 twins from incomplete pairs)
were available including 727 MZM, 486 DZM, 1,641 MZF,
903 DZF, and 1,154 DOS twins. Zygosity was based on DNA
typing for 27% of the adolescents and 54% of the adult twin
pairs. For the remaining pairs, survey questions about similar-
ity between the twins were used. Agreement between zygosity
based on survey data and DNA data was 96.1%.

Measures

Smoking expectancy was assessed at baseline (time point 1
[T1]) by asking “Do you think you’ll smoke in a year time?”,
with the answers being measured on a 5-point scale ranging
from “Certainly not” to “Absolutely yes.” Smoking status
(smoker, former smoker, or never-smoker) was established at
baseline and at follow up (time point 2 [T2]) by asking “Have
you ever smoked?” (answer categories “No,” “A few times
just to try,” and “Yes”) and “How often do you smoke now?”
(answer categories “I don’t smoke regularly,” “I've quit smok-
ing,” “Once a week or less,” “A few times a week,” and “Once a
day or more”). In adolescents, only participants who stated that
they had smoked more than 50 cigarettes when asked ‘“How
many cigarettes have you smoked till now?” could be classi-
fied as former smokers. For participants who answered “Yes”
when asked “Have you ever smoked?”, but gave no further
information on current smoking status or frequency, smoking
status was coded as unknown. When participants stated that
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they (regularly) smoked before but subsequently answered “I
have never been a regular smoker” when asked “How often
do you smoke now?”’, smoking status was also coded as
unknown. Participants classified as smokers or former smokers
at T1 and as never-smokers at T2 were excluded from analysis
(see Supplementary Figure S1). All additional covariates are
depicted in Table 1.

A new variable was created reflecting whether some-
one was able to predict his or her future smoking status. The
5-point scale for smoking expectancy was dichotomized into
“No” (answer categories “Certainly not” or “Probably not™)
and “Yes” (answer categories “I don’t know,” “Probably,” and
“Absolutely yes”), with the latter reflecting the inability to
exclude the possibility of smoking, as was previously done by
Forrester et al. (2007). This dichotomized variable at baseline
was compared with smoking status at follow up, and a dichoto-
mous variable was defined reflecting a correct (0) or an incor-
rect (1) prediction of future smoking status (see Supplementary
Table S1).

Statistical Analysis

Data management and Pearson’s chi-square tests, to test differ-
ences in sample characteristics across smoking statuses, were
performed using SPSS (version 17.0). To account for family
relatedness, chi-square tests were repeated in a subsample of
unrelated individuals. Regression analyses were carried out in
Stata Statistical Software (version 9.0) and corrected for family
clustering by employing the robust cluster option, which uses
information on family relatedness to correct for the correlation
within the families (i.e., clusters). Logistic regression analysis
determined the predictive value of smoking expectancy at T1
(independent variable) on smoking status at T2 (dependent var-
iable). We used a two-step approach to quantify the predictive
effect of smoking expectancy over and above commonly used
predictors. Smoking expectancy was first regressed on the pre-
dictors of smoking behavior at T1 by means of linear regres-
sion analysis (see Table 1 for these predictors), after which the
resulting residuals were used as a predictor of smoking status at
T2 in a second step (residual model). This approach completely
eliminates the effects of the predictors of smoking behavior at
T1, providing a conservative estimate of the impact of smok-
ing expectancy. Analyses were carried out for smokers, former
smokers, and never-smokers, both in adolescents and adults.
The classical twin model was used to estimate the heritabil-
ity of the ability to predict future smoking status by comparing
the correlations of monozygotic (MZ) and dizygotic (DZ) twin
pairs. MZ twins share (nearly) 100% of their DNA, while DZ
twins share on average 50% of their segregating genes. If the
ability to predict future smoking status is influenced by addi-
tive genetic factors (A), the correlation between MZ twins is
expected to be twice as large as the correlation between DZ
twins. When the correlation of DZ twins is larger than half the
correlation of MZ twins, the environment that is shared by both
twins is also of influence. When the correlation of DZ twins is
smaller than half that of MZ twins, genetic nonadditive effects
(D) are likely. Structural equation modeling was performed in
OpenMx (Boker et al., 2011). Ability to predict future smok-
ing status was analyzed in a threshold model with the under-
lying liability being a function of genetic and environmental
factors (Falconer & Mackay, 1996). A single threshold divides
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individuals into those who correctly predicted their future
smoking status and those who did not. Since smoking initia-
tion at the time of measuring smoking expectancy might affect
the chance of making a correct prediction, it was added to the
model as a covariate (0: never smoked and 1: ever smoked).
The threshold was modeled as follows: 7' = X + 3.,ariaes Where
T is the estimated value of the threshold, X is the value of the
threshold when the covariate is 0 (never smoked), and S rep-
resents the deviation on the threshold in subjects who initiated
smoking.

First, five twin correlations (MZM, DZM, MZF, DZF, and
DOS) were estimated in a saturated model. The threshold and
the effect () of ever smoking were estimated separately for
males and females (nine free parameters). Constraints were
then imposed on the model in a stepwise manner (models 2,
3, and 4). Next, the influences of additive genetic factors (A),
nonadditive or dominance deviations (D), and unique environ-
mental factors (E) were estimated in a univariate ADE model
(models 5, 6, and 7). With likelihood ratio tests, the fit of the
different nested models was tested by subtracting the negative
log-likelihood (—2LL) of a nested model from the —2LL of the
more extensive model. The difference in —2LL follows a %2
distribution with df equal to the difference in df of the two mod-
els. In order to achieve the most parsimonious and best-fitting
model, constraints were retained whenever they did not signifi-
cantly deteriorate the fit (p >.05).

RESULTS

Subject Characteristics

Table 1 summarizes the distribution of smoking expectancy
across smoking status at baseline in adolescents (p < .001) and
adults (p < .001). Most adolescent smokers expected to con-
tinue smoking or did not know, while former smokers scored
lower on smoking expectancy (58% answered “Certainly not”
or “Probably not”). Although the large majority of never-smok-
ers expected that they will “Certainly not” smoke a year from
now, more than 6% of never-smoking adolescents say “I don’t
know,” “Probably,” or “Absolutely yes.” In adults, smoking
expectancy was similarly distributed with a more pronounced
difference between former smokers and smokers. The major-
ity of former smoking adults (78.1%) stated that they will
certainly not smoke a year from now. Though percentages are
lower compared with adolescents, there are some never-smok-
ing adults (2.1%) who expected to start smoking or state they
do not know.

In adolescents and adults, never-smokers more often
attained a higher education than (former) smokers (p < .001).
Subjective health differed significantly across smoking status
in adults and adolescents, with never-smokers reporting an
“excellent” health more often than former and current smokers
(p <.001). In adults, the ratio of males versus females differed
across smoking status (p < .001), while in adolescents, there
was no significant difference (p = .169).

Transitions in Smoking Behavior Over Time

Adolescents and adults who were smokers at baseline mostly
remained smokers at follow up (Figure 1). As might be
expected, there was a difference between adult and adolescent
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Figure 1. Transitions in smoking status from baseline (time point 1 [T1]) to follow up (time point 2[T2]) depicted for adolescents
and adults separately. There is approximately two years in between T1 and T2.

never-smokers, with adolescent never-smokers starting smok-
ing at T2 more often than adult never-smokers (8% vs. 3%,
respectively). In both adolescents and adults, a small propor-
tion of never-smokers became former smokers at T2, imply-
ing they started smoking and stopped in the approximately two
years in between baseline and follow up. In former smoking
adolescents at T1, a high percentage started smoking again
at T2 (70%), while for adults, the percentage of people who
relapsed was considerably lower (14%).

Predictive Value of Smoking Expectancy

Smoking expectancy was a strong predictor of future smoking
status in univariate analyses of all groups (see Table 2). Odds
ratios (ORs) represent the odds of smoking at T2 (as opposed
to not smoking) for an individual who responds one answer
category higher than another individual on the scale of smok-
ing expectancy (at T1). Overall, associations were strongest for
former smokers (OR 3.02 [confidence interval, CI = 1.37-6.68]
in adolescents and 3.01 [CI = 2.51-3.62] in adults) and never-
smokers (OR: 3.39 [CI = 2.88-3.98] in adolescents and 4.93
[CI = 4.06-6.01] in adults). When correcting for the impact
of age, sex, education, health, and smoking behavior at T1,
smoking expectancy remained a significant predictor of future
smoking status in never-smokers and former smokers, but not
in smokers (OR: 1.46 [CI = 0.74-2.85] in adolescents and 1.04
[CI = 0.82-1.32] in adults). The group of adolescent former
smokers was too small to analyze with a residual model. Other
than that, results for adolescents and adults were similar.

Genetic Modeling

Prevalence

Prevalences for the ability to predict future smoking status were
significantly different for ever-smokers than never-smokers in
both adolescents and adults (see Table 3; model 2). The proportion
of adolescents accurately estimating their future smoking status

did not differ significantly between boys and girls (model 3). In
adolescents, 89% of never-smokers accurately predicted their
future smoking status in comparison with 78% of ever-smokers.
In adults, 91% of never-smoking men and 94% of never-smoking
women predict future smoking status accurately, in comparison
with 79% of ever-smoking men and 77% of ever-smoking women.

Twin Correlations

There were no differences in twin resemblance between men
and women (model 4), but twin correlations were higher for
MZ (0.58 [CI = 0.40-0.73] for adolescents and 0.27 [CI =
0.09-0.42] for adults) than for DZ pairs (0.17 [CI = -0.03 to
0.35] for adolescents and 0.09 [CI = —0.07 to 0.24] for adults).

Heritability

The pattern of MZ and DZ correlations suggests nonadditive
genetic influences, but formal testing indicated that a model
including only additive genetic effects was sufficient to explain
familial resemblance (model 6). The heritability in adolescents was
estimated at 0.59 (CI = 0.41-0.74) with the remaining variance
explained by unique environmental influences (0.41; CI = 0.26—
0.59). For adults, the heritability was lower with a point estimate of
0.27 (CI=0.11-0.42) with the largest part of the variance (0.73; CI
=0.58-0.89) explained by unique environmental influences.

DISCUSSION

Smoking expectancy significantly predicted future smoking
status over and above commonly used predictors of smoking
in former and never-smokers, but not in current smokers. The
ability to accurately predict future smoking status was influ-
enced by genetic factors, more so in adolescents than in adults.

In never-smokers, a higher score on smoking expectancy
was associated with a higher chance of initiating smoking, both
in adolescents and adults. It is the first time that this association

363

¥T0Z ‘vT Afenige uo wepeiswy 11seAIUN alUA T /BI0'SeuInolpioxou//:dny woly papeojumoq


http://ntr.oxfordjournals.org/
http://ntr.oxfordjournals.org/

Predictive value of smoking expectancy

J10J 1J3] $ased dm 003 d[qeor|dde jou ‘dourLiea paure[dxa : y opnasd (, $oA A[aInjosqe,, pue  ‘K[qeqoid,,  ‘mouy 3 uop [,  ‘1ou A[qeqord

Downloaded from http://ntr.oxfordjournals.org/ at Vrije Universiteit Amsterdam on February 14, 2014

"p1oq ur paordap a1e sy JuedYIUSIS "d[qeLIeA
juopuodapur Y sk [ I, Je J0IABYQq Sunjows Jo s10301paid [[e 10 pajoar1od Aouejoadxo Surjows :[opow [enpIsal 9[qeLieA juopuadopur oy se Louejoadxo Sunjows [[opotll SJeLIBAIUN (SISA[RUE

59 ¢

ou AJurelnqo,, :sa11039Jed) [ 1, 38 Koueyoadxo

Jupjows Jo 9[eds Ay} U0 [ENPIAIPUL JaYjoue Uey) IYSIY A1039)ed J9msue auo spuodsal oym [enpIAlpur ue Joj (Sunjows jou 0) pasoddo se) 7], 18 Surjows jo sppo ay) syuasaidar yo
“[BAIDIUL 9OUSPYUOD = [D) ‘ORI SPPO = YO 2ION

SO (197950 ¥'€ Y78y €0 (61°€-67'1) €0°C 651 00° (TET-T8°0) ¥0'T 165 [opoul [enpIsay
1% (109-90'%) €6' T€9°¢ 80" (T9€-15D 10°€ vTeT 0} OLT-1¥'1) 8S°T TIST [opOW SjeLIBATU[)
7 Opnasd (IO %56) ¥O N 7 Opnasd (5ID %56) YO N 7 opnasd (SID %56) YO N (89%°01 = u) NPy
(T€9°GC = ) SINOWS-TOAIN ($7€T = U) SID[OWS JOUWLIO] (2167 = u) sows

90 (STT-95D) €8°1 €8¢°T - a[qedridde JoN - [0 (S8'THL0) 9V'1 vl [opoul [enpIsay
cr (86'€—88'0) 6£°€ 898°C 81" (89°9-LE'D) TO'E 0s 60 (6L €-8T'D TI'T 961 [opoul 9jeLIBAIU)
¥ Opnasd (51D %S6) ¥O N ¥ OpPndsd (51D %S6) 4O N ¥ Opndsd (51D %S6) 4O N (wrre=u
SJUQISA[OPY

(898°C = U) SIONOWS-IOAIN]

(0G = u) SIOWS JOULIO]

(961 = u) s1jowg

S19)OWS-I9NSN PUB ‘SI9YOWS JOUWI0S ‘SI9)OoWS }NPY pUe S1Ud2S9|opY 10} d|qene) Juspuadaq ay} se ([g1] g 1u1od awi]) Jo1e] sieap om] Ajprewixoiddy
sniels bupjows pue sjqenep Juspuadapu) ay: se ([11] | iod awi]) aulaseg e Aoueroadxg Bupjows YA sisAleuy uoissaibay o11sib07 Jo synsay  "g a|qeL

364


http://ntr.oxfordjournals.org/
http://ntr.oxfordjournals.org/

Nicotine & Tobacco Research

Table 3. Structural Equation Models to Explore Genetic and Environmental Influences on the Ability to

Accurately Predict Future Smoking Status

Adolescents (n = 2,987) Estimated parameters -2LL daf Compared with %2 p value

1. Saturated five-group model 9 2088.83 2978 - - -

2. Bs covariate set on 0 7 2110.59 2980 1 21.77 <.001

3. Thresholds and s male = female 7 2090.99 2980 1 2.17 34

4. Correlation MZM = MZF + 4 2098.35 2983 3 7.36 .06
correlation DZM = DZF = DOS

5. ADE model 5 2098.35 2983 1 29.87 23

6. AE model 4 2098.42 2984 5 0.08 78

7. E model 3 2131.1 2985 6 32.68 <.001

Adults (n = 4,911) Estimated parameters —-2LL df Compared with y? p value

1. Saturated five-group model 9 3370.06 4902 - - -

2. s covariate set on 0 7 3621.51 4904 1 251.45 <.001

3. Thresholds and s male = female 7 3383.23 4904 1 13.18 <.001

4. Correlation MZM = MZF + 6 3377.43 4905 1 7.38 .06
correlation DZM = DZF = DOS

5. ADE model 7 3377.43 4905 1 33.61 .07

6. AE model 6 3377.49 4906 5 0.05 82

7. E model 5 3387.6 4907 6 10.11 <.001

Note. DOS = dizygotic opposite sex; DZF = dizygotic female; DZM = dizygotic male; MZF = monozygotic female;

MZM = monozygotic male; LL = log-likelihood.

Best-fitting models are depicted in bold; threshold: the value that forms two distinct categories in the underlying liability, which
stand for the proportions of individuals who accurately predicted their future smoking status and the individuals who did not; f3:
the effect of the covariate smoking initiation (0 = “never smoked” and 1 = “ever smoked”) on the threshold. ADE model: additive
genetic (A), dominance (D) and unique environmental effects (E) are estimated; AE model: only A and E are estimated; E model:

only E is estimated.

has been demonstrated in adults. Similar results have only been
reported in never-smoking adolescents, where smoking suscep-
tibility (not being able to rule out the possibility of smoking
next year) was a predictor of future smoking status (Forrester
et al., 2007). Measuring smoking expectancy is particularly
valuable in efforts to prevent smoking initiation in adolescents,
as they are most vulnerable to starting smoking (CBS, 2010b;
Stivoro, 2009). Not many adult never-smokers started smok-
ing, but we still observed that smoking expectancy was an
accurate predictor of future smoking behavior.

In both adolescents and adult smokers, a higher smoking
expectancy was associated with a higher chance of remaining
a smoker two years later. When taking demographic variables
and variables related to smoking into account, associations were
still significant in never-smokers and former smokers but not in
smokers. This could be due to a relatively small sample size,
caused by the fact that some covariate data were only avail-
able in a subsample. Previous studies in smokers showed that
the intention to quit smoking predicts making a quit attempt
(Abdullah et al., 2006; Rise et al., 2008; Smit et al., 2011).
A “Motivation To Stop Scale” consisting of one item with seven
response categories was able to accurately predict future quit-
ting attempts (Kotz, Brown, & West, 2013). Our measure of
smoking expectancy may reflect not only a persons’ willingness
to quit smoking but also their estimation of whether or not they
will succeed. The importance of self-efficacy in successfully
quitting smoking has been shown in several papers (Martinez
et al., 2010; Rise et al., 2008; Schnoll et al., 2011).

In former smokers, a higher smoking expectancy resulted
in a significantly higher chance of relapse two years later. This

result corresponds to findings from the International Tobacco
Control survey, which showed that a lower abstinence self-effi-
cacy (measured by asking “How sure are you that you can stay
quit?”) was associated with a higher risk of relapse (Herd et al.,
2009). Smoking expectancy can be an additional, relatively
easy tool to predict which former smokers will start smoking
again. Knowledge on who is most vulnerable to relapse is cru-
cial in developing intervention programs because many people
attempt to quit smoking, but a lot of them will fail in remaining
abstinent (Hughes, Keely, & Naud, 2004; Piasecki, 2006).

When analyzing data from smokers, former smokers, and
never-smokers simultaneously and correcting for current smok-
ing status (data not shown), smoking expectancy remained a
significant positive predictor for future smoking status in both
adolescents (OR: 2.83, p < .001, n = 3,114) and adults (OR:
1.63, p < .001, n = 10,468). This emphasizes the unique pre-
dictive effect of smoking expectancy on future smoking status
over and above the effect of current smoking status.

Being able to predict future smoking status is explained by
genetic factors for 59% and 27% of the variance in adolescents
and adults, respectively. Environmental factors explained the
remaining portion of the variance. The heritability may be medi-
ated by genetically influenced personality traits such as opti-
mism or sensation seeking. Research in twins has shown that
36% of the variation in optimism can be explained by genetic
effects (Mosing, Zietsch, Shekar, Wright, & Martin, 2009) and
that heritability estimates for sensation seeking range from
48% to 63% (Koopmans, Boomsma, Heath, & van Doornen,
1995). Optimism may lead people to make a better prediction
of their own ability to quit or refrain from smoking, while a
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high score on sensation seeking may make them more willing
to seek out new experiences and change their behavior. In older
participants, previous (failed) quitting attempts may have given
them more experience, explaining the larger influence of envi-
ronmental factors. Failure to predict future smoking status in
(former) smokers is probably also related to smoking depend-
ence and the inability to quit, with the latter being explained
by genetic factors for approximately 50% (Broms et al., 2006;
Uhl et al., 2012). Low numbers for the responses “Probably”
and “Absolutely yes” prevented us from to re-analyzing the twin
data while assigning the response “I don’t know” to the “No”
category of the dichotomized version of smoking expectancy.

Heritability is a measure that estimates the contribution of
genetic differences to observed differences within a group of
individuals (Plomin, DeFries, Knopik, & Neiderhiser, 2013). As
well as other behavioral traits, smoking behavior is a complex
trait that is influenced by numerous genes and environmental
factors. Estimating the heritability of such traits can give new
insights into the mechanisms behind the trait (Visscher, Hill, &
Wray, 2008). This study shows that genetic factors play a consid-
erable role in the ability to predict future smoking status, espe-
cially in younger people. Knowledge that individual differences
in smoking trajectories have a heritable component justifies
ongoing efforts into the tailoring of prevention strategies.

Heritability estimates were larger in adolescents than in
adults (p = .03), while the heritability of substance use typi-
cally increases over age (Kendler, Schmitt, Aggen, & Prescott,
2008). Differences in heritability between age cohorts indi-
cate gene by age (gene x age) interaction (Boomsma &
Martin, 2002). The influence of environmental factors on the
ability to predict future smoking status is larger in adults than
in adolescents, lowering the relative contribution of A (herit-
ability). Besides unique environmental factors, E comprises
measurement error or “noise.” Changes in social norms can
affect the magnitude of genetic influences by maximizing
noise (Boardman, Blalock, & Pampel, 2010; Boardman et al.,
2011; Shanahan & Hofer, 2005). In adults, social norms on
smoking might be more negative, thereby influencing them
not to smoke. In adolescents on the other hand, peers stimu-
late the initiation of smoking (Vitoria, Salgueiro, Silva, & de
Vries, 2011). In both age cohorts, there was some sugges-
tion that nonadditive genetic influences might play a role,
but although statistical power was sufficient (Posthuma and
Boomsma, 2000), these influences were not significant.

A limitation of this study is its reliance on self-reported
smoking status. A recent review demonstrated that in 5%—9%
of the cases, self-report did not detect someone as a smoker
while biochemical validation did (Connor Gorber, Schofield-
Hurwitz, Hardt, Levasseur, & Tremblay, 2009). To study the
reliability of self-reported smoking status, we used a powerful
alternative of a test-retest approach, by studying the similar-
ity within MZ (genetically identical) twin pairs. For several
traits, it has been shown that the difference between MZ twins
was almost equal to that between two consecutive measure-
ments of the same individual (Den Braber et al., 2013; Vogel &
Motulsky, 1996), making the similarity within MZ twin pairs a
suitable test of reliability. About 94% of adolescents and 78%
of adult twin pairs were concordant for smoking status, imply-
ing self-reported smoking status is reliable. The reliability of
self-report in adolescents was also shown in a study of 150
Finnish youngsters (M age 15 years), where the sensitivity
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for detecting smokers was 81%-96% (comparing question-
naire data to biochemical measurements; Kentala, Utriainen,
Pahkala, & Mattila, 2004).

Another limitation is that covariate data were not available
for the total sample, so the residual model was analyzed in a
smaller subsample. Previous studies demonstrated that indi-
viduals with missing data (less cooperative subjects) tended to
score slightly more unfavorable on lifestyle variables but differ-
ences were not significant (Distel et al., 2007; Vink et al., 2004).

This is the first study examining longitudinal data on
smoking expectancy in adolescents and adults across smok-
ing status. A recently much debated topic is “precision medi-
cine,” involving tailoring of care/treatment to suit the different
genetic backgrounds of patients (Hamburg & Collins, 2010).
Smoking expectancy could provide another way of delivering a
personalized approach, by effectively tailoring guidance, coun-
seling, and possibly treatment. A big advantage of quizzing
people on smoking expectancy is that it is based on a simple
question, which can be employed in smokers, former smokers,
and never-smokers.

SUPPLEMENTARY MATERIAL

Supplementary Figure S1 and Table S1 can be found online at
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