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Abstract

Background—Although many adolescents experiment with cigarettes, not all who smoke go on
to use regularly or develop dependence. This heterogeneity in subsequent cigarette use suggests
that there are meaningful individual differences in how cigarettes are initially experienced.

Method—Subjective experiences were retrospectively collected using the Early Smoking
Experience (ESE) questionnaire from 2482 young adults participating in the National Longitudinal
Study of Adolescent Health. Responses from this genetically informative sample of same-and
opposite sex twin-and siblings were examined to determine the structure and magnitude of genetic
and environmental influences.

Results—Positive experiences evidenced moderate heritable contributions (35%, 95% CI: 0.19
to 0.49), as did an overall hedonic measure (31%, 95% CI: 0.20 to 0.42) and dizziness (31%, 95%
Cl: 0.14 to 0.48). Negative experiences evidenced small heritable contributions (18%, 95% CI:
0.04 to 0.78). Individual specific environmental influences were strong and accounted for the
remaining proportion of observed variation in these experiences. Multivariate genetic modeling
identified a moderately heritable underlying factor (37%, 95% CI: 0.22 to 0.52) that influenced the
covariation of diverse subjective experiences and loaded most heavily on dizziness. Positive
experiences also evidence residual genetic influences that were uncorrelated with other subjective
experiences.

Conclusions—How a person experiences their initial few cigarettes is due to both heritable
contributions and environmental experiences unique to the person. The covariation of diverse
subjective experiences appears to be due to a heritable latent sensitivity to the chemicals contained
in an average cigarette and is best indexed by dizziness.

Introduction

The acquisition of cigarette use during adolescence is likely due to a multitude of factors and
is understandably a serious public health problem. Although prevention efforts have
impacted cigarette use negatively, many continue to experiment [1]. Through this process,
adolescents are exposed to the autonomic and sensory effects of the 4000+ chemicals
contained in an average cigarette [2-5]. These discriminative or ‘subjective’ effects are
thought to act as positive and/or negative reinforcements that are associated with later
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smoking behaviors [5-7]. As cigarette use may promote brain adaptations that are associated
with reinforcement and use, investigating the etiology of initial subjective experiences may
aid our understanding of initial drug response, the maintenance of cigarette use, as well as
inform tobacco prevention programs.

Subjective experiences of initial tobacco exposure often includes dizziness, light-
headedness, buzz or a rush, nausea, increased heart pounding, euphoria, relaxation, and
sedation. Broadly these are though to reflect the physiological and pharmacological actions
of nicotine or the chemical by-products of smoking cigarettes, with differences between
individuals ingesting similar quantities reflected in their subjective reports. Across different
measures these and other initial experiences reliably cluster into two broad categories that
include pleasant and unpleasant [8-11]. Whereas these two factors are weakly or inversely
correlated [9,11,12], both types of experiences are reported in studies of smokers with little
to no previous exposure. Pleasant experiences, which include effects such as head-rush,
euphoria, relaxation, increased sociability and energy, are implicated as a risk factor for
greater cigarette use and early onset nicotine dependence [9,12-17]. Conversely, unpleasant
or adverse sensations have been associated with inconsistent later use or complete desistence
[18]; though such effects are not necessarily prohibitive of progressing to dependence
[9,19].

Despite their limitations, questionnaire-based studies of subjective experiences offer a
number of advantages. These include their ease of administration in epidemiological studies,
brevity, ability to avoid the ethical issues associated with experimental studies of drug naive
adolescents, and usefulness in assessing environmental influences on initial smoking
experiences. Among those available, the most commonly used measure is the Early
Smoking Experiences scale (ESE) [9]. The ESE is a nine-item, self-report questionnaire that
asks participants to retrospectively rate their initial smoking experiences on a Likert-scale
from none (1) to intense (4). Previous research using this scale has supported a two factor
model [9,12,20], with both pleasant and unpleasant factors demonstrating acceptable internal
reliability. Dizziness has been implicated as a particularly informative experience related to
subsequent smoking behaviors, shown to load on both pleasant and unpleasant factors, and
to demonstrate strong reliability across time [9,12,15,17,18,20-22].

Though both experimental- and questionnaire-based studies have documented variation in
how initial nicotine exposure is experienced, the sources of that variation remain to be
established. Towards that end, twin studies offer a practical methodology for evaluating the
importance of environmental and heritable variation on susceptibility. Despite the large
number of genetically informative studies of many cigarette use behaviors, there has only
been a single study of subjective experiences in a small sample of discordant twins [23]. As
the discordant twin design examines whether environmental influences contribute to
observed differences between monozygotic twins, the magnitude and nature of genetic and
environmental influences on subjective experiences remains unclear. Moreover, given
differences in the relationship with later use, it is unclear positive and negative subjective
experiences share a common or distinct etiology.

The current report presents results of a study of retrospectively reported initial subjective
experiences to nicotine exposure in a genetically informative sample. Subjective experiences
to initial cigarette smoking were measured using the ESE during young adulthood. Our
analyses were designed to investigate two questions. First, what were the magnitudes of
genetic and environmental influences on subjective experiences? Second, what was the
extent to which positive and negative experiences have a distinct or common underlying
etiology?
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Siblings for the current study were drawn from the genetically informative sub-sample of the
National Longitudinal Study of Adolescent Health (Add Health) [24]. Though followed
longitudinally since 1992 (Wave 1), initial subjective experiences were only collected in
2002 (Wave I11). In 2002, 50.3% of the sibling-pairs sample was male, the mean age was
22.4 (£ 1.75) years old. Participation rates were above 87% [24]. The majority (66.9%) self-
reported Caucasian ethnicity, with 24.1% reporting Black and 8.9% either Asian or Native
American. At Wave 111, initial subjective experiences were collected from 352 same-sex
monozygotic (MZ) twins (M: 171, F: 181) and 280 dizygotic (DZ) twins (M: 152, F: 128),
729 full-siblings (FS; M 355, F: 374), and 198 half-siblings (HS; M: 97, F: 101). Responses
were also collected from opposite-sex (OS) siblings and totaled 923 (OSDZ: 213, OSFS:
528, OSHS: 182). Zygosity status of MZ and DZ twins was initially determined by self-
report at Wave | and at Wave I11 using molecular markers.

Subjective experiences were collected retrospectively using the nine-item Early Smoking
Experience Questionnaire (ESE) [9]. Of these nine items, three (a pleasurable rush or buzz,
relaxation, and pleasant sensations) assess positive experiences (POSITIVE; internal
reliability, o, = .777) and five (unpleasant sensations, difficulty inhaling, nausea, heart
pounding, and coughing) assess negative experiences (NEGATIVE; a = .823). Following on
[9], dizziness was assessed and included in an overall nine-item hedonic measure of
subjective experiences (HEDONIC; a = .776). Responses on the ESE are based on a 4-point
Likert scale and could range from none (0) to intense (3). Item responses were dichotomized
as being present or absent (1/0) and then summed within scale to create a total scale score.
Total scores on the POSITIVE and NEGATIVE scales could therefore range from 0 to 3 and
0 to 5, respectively. Total scores on the HEDONIC scale could range from 0 to 9.

analyses

Sample characteristics were calculated using SAS/STAT software [25]. Polychoric
correlations for the HEDONIC, POSITIVE, and NEGATIVE scales were determined using
the statistical software Mx [26]. We utilized a liability threshold model to estimate the
genetic and environmental influence on each of the three derived subjective effects scales.
This model assumes an underlying normally liability trait, with the number of thresholds
corresponding to the number of categories.

Univariate Analyses

Observed variation in data collected from same- and opposite-sex siblings can be parsed into
their genetic and environmental components. Genetic influences includes additive [A] and
non-additive [D] contributions while environmental influences include experiences shared
[C] among siblings and those that are individual-specific [E]. In a purely genetic model, the
MZ twin correlation would be twice that of DZ twin and FS sibling correlations, which
themselves would twice that of the HS correlation. Shared environmental influences are
implicated when the DZ twin and FS correlations are greater than one-half that of the MZ
twin correlation.

Models were fit to allow for the ordinal character of the subjective experience scales using
the raw maximum-likelihood estimation option in the statistical program (Mx) [27]. The
significance of model parameters was evaluated by a comparison of the twice log-likelihood
(-2LL) for models with or without the parameters, with the difference distributed as a chi-
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square distribution and the degrees of freedom being equal to the difference between the
number of parameters estimated. A non-significant difference chi-square between two
models indicated that the parameters dropped from the more parsimonious model were not
significantly different from zero. Models were accepted on the basis of the Akaike
Information Criterion (AIC) [28] which indicates the extent that a given model offers the
most parsimonious, but adequate, explanation of the data.

Multivariate Analyses

Results

Based on prior evidence [9,12] indicating that dizziness loaded on both positive and
negative subjective experiences, we examined two models: (1) independent pathways and
(2) common pathways. Unlike univariate genetic analysis that examines the latent influences
on variation in a single variable, these two models decompose the pattern of covariation
among three or more variables into genetic and environmental influences that are common
as well as unique to the different measures. The independent and common pathways models
differ, however, in their hypothesis in that the common pathways model tests whether the
covariation of dizziness, positive and negative subjective experiences is due to a single
latent or underlying sensitivity factor that is itself influenced by genes and environments. A
more direct contribution of genes and environments to subjective experiences is
hypothesized by the independent pathways model. As these models specify a particular
structure to the latent genetic and environmental influences, we first tested their
appropriateness by comparing their fit to that of a saturated model which is agnostic to the
structure of genetic and environmental effects on the measured variables [27]. Each
multivariate model was fit to raw data and thresholds freely estimated.

In the sibling-pairs sample, a total of 2645 participants reported ever having tried a cigarette.
Of those who reported trying a cigarette, 2116 (80.0%) went on to smoke an entire cigarette.
The majority of participants reported smoking an entire cigarette by age 19 (92.6%), with
the mean age of initiation for males of 15.4 (+ 2.82) and 15.6 (+ 2.88) for females. Two-
thirds (66.8%) reported smoking at least one cigarette a day for 30 days at some point in
their life, and 62.6% reported smoking within the prior 30 days of being interviewed at
Wave IlI.

Levels of initial subjective experiences were determined for 2482 participants (93.8%) who
indicated they had ever tried a cigarette. As shown in Table 1, approximately two-thirds of
the sample retrospectively reported slight to no subjective experiences. Confirmatory factor
analyses supported a two factor solution, with dizziness loading equally on both a positive
and negative factor. Mean scores and phenotypic correlations for the three experience scales
are shown in Supplementary Table 1. Cross-trait correlations between POSITIVE and
NEGATIVE experiences and dizziness with each of these two scales, respectively, were
0.34 (p <.01), 0.55 (p < .01), and 0.71 (p < .01). Homogeneity tests of the means and
variances indicated there were no significant differences between the sexes or by zygosity
status.

Model Fitting

In general, higher MZ twin than DZ twin or FS correlations indicate heritable influences.
For the POSITIVE and HEDONIC scales and dizziness, heritable influences are suggested.
Though, for the POSITIVE scale, this pattern was less clear as a lower than expected DZ
twin and higher than expected FS correlation may indicate C or D contributions,
respectively [Table 2]. This interpretation though is unclear as the DZ twin and HS
correlations were not significantly different from zero. For NEGATIVE effects, shared
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environmental influences appear to be important as the MZ and DZ twin correlations were
not significantly different from one another.

Univariate models

The overall fit our baseline model for our HEDONIC scale which included latent A, C, D
and E effects that differed for males and females and sex-limited genetic effects was -2LL =
11207.33 (df = 2465). For the POSITIVE and NEGATIVE scales, the overall fit was
6347.94 (df = 2368) and 8755.39 (df = 2457), respectively. For dizziness, the -2LL was
=3377.41 (df = 2445).

Against these baseline models we compared the fit of two models that examined the
evidence for sex differences in the genetic and environmental influences on subjective
experiences. Sex-specific thresholds could not be equated for all scales. There was no
evidence supporting the sex-limited genetic influences (a’) on subjective experiences.
Moreover, results from models that equated latent A, E and either C or D influences also
suggested that the magnitude of such contributions were the same in males and females
[Table 3]. Subsequent models that dropped either A, C, D, or some combination of these
were fit with factors equated across sex and sex-specific thresholds.

As judged by AIC, dropping D from our baseline model resulted in an improvement in
model fit for all scales [Table 3]. For dizziness, HEDNOIC, and POSITIVE scales, dropping
C also resulted in an improvement in model fit. For the NEGATIVE scale, both an AE and
CE model resulted in similar improvements in model fit and were therefore inconclusive.
Accordingly, we selected an ACE model as most parsimonious explanation for the observed
variation in NEGATVE experiences. Across the three scales, genetic influences were small
to moderate and ranged from 0.13 for NEGATIVE experiences to 0.40 for POSITIVE
experiences. Individual-specific environmental contributions were substantial for all three
scales.

Multivariate Models

We first compared the fit of independent and common pathways models that specified A, C,
and E influences against a saturated model with an unspecified latent genetic and
environmental factor structure. Model fit results indicated that both the independent (y2 =
116.61, Adf =108, p = 0.31, AIC = -103.39) and common (x2 = 122.75, Adf = 112, p = 0.23,
AIC =-101.25) pathways models provided a better fit.

Results for the common pathways model are presented in Figure 2. A model including latent
A, C, and E factors is shown. Against this model, we next tested whether the genetic and
environmental influences on the covariation of diverse subjective experiences act more
directly on drug actions. When the fit of these two models were compared, the difference
was found to be non-significant (Ay2 = 8.21, Adf = 4, p = 0.08). This indicated that the
common pathways model provided a more parsimonious but adequate fit to these data than
the independent pathways model. Accordingly, the common pathways model suggested that
multiple genes and environments, each of small effect, contribute to a latent sensitivity that
in turn influences the covariation of diverse subjective experiences. Testing nested sub-
models that dropped paths whose confidence intervals included zero further supported this
observation. Of these, models that dropped C influences on the latent phenotype (Ax2 =
0.00, Adf =1, p =0.99, AIC = -2.00), residual C influences (Ay2 = 1.55, Adf =3, p = 0.67,
AIC = -4.45), and subsequently together (Ay2 = 1.55, Adf = 4, p = 0.82, AIC = -6.45), all
resulted in an improvement in model fit. Furthermore, residual A influences on all but
positive experiences could be dropped (Ay2 = 3.22, Adf = 6, p = 0.78, AIC =-8.78). This
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final model indicated that the genetic and environmental effects on dizziness are primarily
those that also influence positive and negative experiences.

The resulting most parsimonious model of the genetic and environmental contributions to
the covariation of dizziness, positive and negative experiences and standardized parameter
estimates are shown in Figure 3. Parameter estimates are similar to those obtained from our
univariate models and indicate that our multivariate analyses had sufficient power.

Discussion

In this genetically informative sample of young adults, we sought to determine the extent
that heritable factors contributed to variation in subjective experiences to initial cigarette use
and whether the covariation of diverse subjective experiences was due to genetic and
environmental influences that impacted an overall sensitivity to the autonomic and sensory
effects of initial cigarette use.

Many aspects of cigarette use are influenced by genetic and environmental influences.
Cigarette initiation, in general, is influence by shared and individual specific environmental
influences [29-31]. In contrast, nicotine dependence is strongly influenced by genetic factors
and small individual specific environmental experiences [30,32-33]. Progression to and
regular use of cigarettes evidence small to moderate genetic effects and no shared
environmental influences, with estimates varying as a function of the sample and age group
examined [33-36]. Together these and other studies support the notion that early
environmental experiences are important factor to initiating cigarette use, but that continued
and problematic use are influenced by heritable factors. That the genetic influences on many
later smoking behaviors are highly correlated [37-39] further elaborates this observation.

In our univariate analyses, we examined, to our knowledge for the first time, the extent
genetic influences contributed to variation in the subjective experiences of initial cigarette
use and whether they differed between males and females. By comparison with simpler
models, we did not find support for sex-limited genetic effects or that the magnitude of
heritable and environmental influences differed for males and females. These observations
extend studies of smoking initiation and raises the possibility that magnitude differences
observed for more problematic smoking behaviors [31,35,40-42] may emerge after regular
and persistent use has developed. Our results also suggest that genetic factors contributed
moderately to individual differences in dizziness, positive and the overall hedonic
experiences of initial cigarette use. Given the salience of these experiences in retrospective
reports by adult and adolescent smokers [18,23], the role they have in theories of nicotine
dependence [2,3,5,6], and the heritable contributions to different smoking behaviors [29-39],
our results raise the possibility that the genetic influences on these initial experiences may
also be those that are involved in regular and problematic cigarette use. This observation is
consistent with evidence from molecular genetic studies of initial experiences [43-46],
smoking initiation and progression [47], as well as nicotine dependence [48,49].

Although genetic influences are meaningful factors in the individual differences that
contribute to how cigarettes are initially experienced, our results also underscore the
importance of environmental influences. This observation is particularly relevant to negative
experiences for which heritable effects were small and shared environmental influences
could not be excluded. In general, however, individual specific environmental experiences,
which include measurement error, appear to be the most salient. As such, intervention
efforts that target those experiences unique to a siblings such as self-efficacy and other
personal perceptions, peer influences, and risk perceptions [50-58] on the basis of how they
experienced their initial cigarette use may provide a useful approach to tobacco control.

Addiction. Author manuscript; available in PMC 2012 February 1.
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Similarly, although mixed, evidence does suggest that negative experiences may be an
important indicator of a later vulnerability [9,18,19]. As such, interventions that address
those environmental influences shared equally between siblings such as parental smoking
history or general smoking environment [52,53,58] may also be an effective strategy.

The second question we sought to answer concerned the structure of genetic and
environmental influences on the covariation of diverse subjective experiences. Using two
multivariate models, results suggested that multiple genetic [e.g. additive] and
environmental factors contributed to an underlying sensitivity which influenced the
subjective experiences to initial cigarette use. In the best-fitting model, this latent sensitivity
was moderately heritable and evidenced strong individual-specific environmental influences.
Further, residual genetic influences were identified only for positive experiences, indicating
that additional genetic factors are influencing these types of experiences to initial cigarette
use, over and above the common influence of a general sensitivity to the chemicals
contained in a cigarette.

The latent general sensitivity to cigarette exposure assessed by the ESE loaded most strongly
on dizziness and moderately on positive and negative experiences. This indicates that
differences in initial subjective experiences are more directly related dizziness than either
positive or negative experiences. It also suggests that individual differences in positive and
negative experiences are in part due to heritable and environmental influences on dizziness.
This shared etiology extends the common observation that both positive and negative
experiences are endorsed together by the same respondent. Further, given the predictive
utility of dizziness [9,20,21] and of pleasant, but not unpleasant, dizziness [59], these two
experiences together may provide additional clinical utility in the identification of those at
risk for later problematic cigarette use as well as aid the identification of the heritable factors
involved. Lastly, given the absence of residual genetic effects, these results suggest that
dizziness may be the most genetically informative subjective experience.

Similar to our univariate results, our best-fitting multivariate model underscored the
importance of environmental experiences unique to siblings. While all three experiences
examined here have some similar environmental influences, our results suggest that the bulk
of individual specific environmental influences are largely experience specific. For negative
effects, in particular, this suggests that that they have a more complex etiology than positive
experiences. Further, they indicate that attempts to identify relevant environmental
influences on subjective effects need to differentiate between those that broadly impact
subjective experiences and those which influence positive and negative separately.

Our findings should be considered in the context of a number of limitations. First, subjective
experiences were retrospectively reported. As much of our sample continued using
cigarettes after their initial few, subsequent exposure to the autonomic and sensory effects of
cigarettes may bias the recall of initial experiences. Second, the sizeable impact of
individual specific environments, which includes measurement error, suggests that some
experiences or sets of experiences may be better recalled than others. This would reduce the
ability to detect genetic contributions and may influence the patterns of covariation. Finally,
natural differences in ‘puff topography’ or the depth and length of inhalation, number of
puffs, and quality of the cigarette smoked [60] may have contributed to our results. Though
adolescents deliver a pharmacologically active dose of nicotine [2], such features of ‘puff
topography’ were not collected and could thus remain a potential source of variation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Common pathways model. Unstandardized parameter estimates (95% confidence intervals)
are shown. The chi-square goodness-of-fit for the overall ACE model is: -2LL =17712.86, d
f=7470. Circles depict latent variables while rectangles depict self-reported subjective
experiences. Single headed arrows represent the partial regression of an observed variable
on the latent factor. Variances for each observed variable was standardized to 1.0. A,
indicates additive genetic influences; C, indicates shared environmental influences; E,
indicates individual specific environmental experiences; P, common underlying pathway or
phenotype; POS, positive subjective experiences; NEG, negative subjective experiences.
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Figure 2.

Best fitting common pathways model. Unstandardized parameter estimates (95% confidence
intervals) are shown. A, indicates additive genetic influences; C, indicates shared
environment; E, indicates individual specific environmental experiences and includes
measurement error. P, common underlying pathway or phenotype; POS, positive subjective
experiences; NEG, negative subjective experiences.
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Endorsement Rates (%) of Nine Retrospectively Reported Subjective Experiences to Initial Cigarette Use (N =

2482).

Extent of Subjective Experience
Item None Slight Moderate Intense
Pleasant sensations 50 28 17 5
Unpleasant sensations 42 30 18 11
Nausea 64 24 8 4
Relaxation 47 26 22 6
Dizziness 50 29 14 6
Buzz/Head Rush 48 28 17 8
Coughing 40 36 15 10
Difficulty inhaling 57 26 10 7
Heart pounding 70 21 6 2
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Correlations (95% Confidence Intervals) for Subjective Effects to Initial Cigarette Use.

Table 2

Hedonic Positive Negative Dizziness
MZ .32(14-.47) 31(11-.49) .20(01-.37) .30(.05-53)
DZ .19(04-.33) .05(-13-.23) .21(05-.37) .21(-02-.43)
FS  .14(04-.24) 27(16-.37) .09(-01-.19) .16 (.01-.30)
HS .04(-16-.23) -16(-36-.05) .13(-.07-.33) .06 (-21-.32)

Abbreviations: MZ, monozygotic twins; DZ, dizygotic twins; FS, full-siblings; HS, half-siblings.
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