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Abstract
The present investigation evaluated a moderational role of anxiety sensitivity (fear of anxiety and
anxiety-related states; McNally, 2002) in the relation between smoking status and anxiety/depressive
symptoms in a Russian epidemiological sample (n = 390; 197 females, Mean age = 43.55). Consistent
with prediction, anxiety sensitivity moderated the association of smoking status with indices of
anxiety and depressive symptoms; the effects were evident after controlling for the variance
accounted for by alcohol use problems, environmental stress (past month), and gender. These findings
are discussed with regard to the role of anxiety sensitivity in etiologic connection between smoking
and panic-related processes.
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Research has increasingly highlighted clinically significant relations between smoking and
anxiety symptoms (e.g., intensity of anxiety symptoms) and certain disorders (McCabe et al.,
2004). Of the anxiety disorders, there appears to be a notable association between smoking and
panic attacks, panic disorder, and agoraphobia (see Zvolensky & Bernstein, 2005; Zvolensky,
Feldner et al., 2005, for reviews). For instance, epidemiological (Lasser et al., 2000),
community (Hayward et al., 1989), and clinical (Baker-Morissette et al., in press; Himle et al.,
1988; Pohl et al., 1992) studies have found that smoking is more common among those with
panic-related problems (i.e., panic attacks, panic disorder, and agoraphobia) compared to those
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without such problems. Other work has found that smoking increases the risk for developing
panic attacks and panic disorder in the future (Breslau & Klein, 1999; Breslau et al., 2004;
Johnson et al., 2000; Isensee et al., 2003) and may exacerbate (concurrently) the severity of
such anxiety problems (McLeish et al., 2006; Zvolensky, Forsyth et al., 2002; Zvolensky,
Kotov et al., 2003; Zvolensky, Leen-Feldner et al., 2004; Zvolensky, Schmidt, & McCreary,
2003)

Although promising, considerably less is known as to whether other panic-related risk factors
may influence the relation between smoking and panic processes (i.e., moderational effects;
Ising, 2006). In a moderational model, the association between smoking and panic is dependent
on another risk factor (Baron & Kenny, 1986). An important variable relevant to the etiology
of panic psychopathology is anxiety sensitivity (AS), a cognitive-based risk factor for anxiety
psychopathology defined as the fear of anxiety and anxiety-related sensations (McNally,
2002; Reiss & McNally, 1985). Specifically, AS is a trait-like cognitive characteristic that can
predispose individuals to the development of anxiety-related problems. Available data are
generally consistent with the AS model of panic vulnerability (Hayward et al., 2000; Maller
& Reiss, 1992; Schmidt et al., 1997, 1999; Schmidt et al., in press; Weems et al., 2002;
Zvolensky & Forsyth, 2002).

Models of smoking-panic comorbidity predict that these two vulnerabilities should interplay
in a clinically meaningful manner (Zvolensky & Bernstein, 2005; Zvolensky, Schmidt, &
Stewart, 2003). Specifically, it is theoretically predicted that AS may enhance the association
between smoking and panic-related problems. High AS smokers compared to nonsmokers
would theoretically be more apt to perceive internal withdrawal symptoms as aversive with
greater frequency and perhaps other aspects of smoking (e.g., health impairment) and therefore
have a greater opportunity to learn that internal cues are emotionally distressing. In the absence
of more adaptive methods for coping with such internal stressors, high AS smokers may thus
be more apt to experience greater degrees of anxiety symptoms and learn to cognitively respond
to such sensations in a maladaptive manner. Such emotionally distressing events may trigger
efforts to cope with the stressors by smoking, a perspective supported by research on AS and
coping motives (Comeau et al., 2001; Novak et al., 2003; Stewart et al., 1997; Zvolensky,
Bonn-Miller et al., 2006) as well as outcome expectancies (Zvolensky, Feldner et al., 2004).

Here, it is noteworthy that high AS smokers are often interested in quitting (Zvolensky, Baker
et al., 2004), yet more apt to fail in their attempts to quit (Brown et al., 2001; Zvolensky,
Bernstein et al., in press; Zvolensky, Bonn-Miller et al., in press). Moreover, past work has
indicated an association between AS and depressed affect (Cox et al., 1999; Otto et al., 1995;
Schmidt et al., 1998). Ultimately, if such persons did not successfully quit smoking, theoretical
models suggest that they could place themselves at risk for depressed affect by virtue of the
continued struggle with forward-feed cycle of emotional distress, and smoking-oriented coping
to regulate such affect (Zvolensky, Bernstein, Yartz et al., in press). That is, they may be more
apt to experience depressive symptoms secondary to their inability to quit smoking despite
frequent attempts to do so; a position supported by clinical case reports (Beckham et al.,
2006; Zvolensky, Lejuez et al., 2003). This type of model predicts that an AS by smoking status
relation would be applicable to anxiety, panic, and depressive symptoms, but not negative
affect more generally (Zvolensky & Bernstein, 2005).

The above AS-smoking model indicates a moderating role of this cognitive factor (AS) for the
association between smoking and panic symptoms and related affect processes. Empirical data,
although highly limited, is consistent with such perspective. For example, one study found an
interaction between smoking status and AS among adolescents within a biological challenge
paradigm (Leen-Feldner, Zvolensky et al., in press). Specifically, the combination of high
levels of AS and being a current smoker compared to a non-smoker (i.e., between group test)
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predicted greater self-reported panic symptoms in response to a voluntary hyperventilation
procedure among this sample of youth (Leen-Feldner, Zvolensky et al., in press). No effects
were evident for psychophysiological indices of responsivity.

Though AS-smoking findings are promising, extant research is limited in three notable
respects. First, it is unclear whether the moderator model is valid in adulthood. Extending past
work is therefore important to enhance generalizability of past findings to an adult stage of the
lifespan. This type of work will be most informative when it employs representative sampling
methods. Second, previous work has not explored whether the AS by smoking interaction
contributes to anxiety above and beyond other theoretically-relevant factors related to both
anxiety-related symptoms and smoking. For example, alcohol use problems, life stress, and
gender are related to panic psychopathology, AS, and smoking status (Barlow, 2002; Taylor,
1999). Thus, there is a need for a more sophisticated test of the AS-smoking model to account
for these factors. To the extent the AS-smoking interaction is apparent above these other
variables, further confidence in this effect would be established. Third, the previous
investigation focused on youth from the United States (U.S.). Replication of these findings in
a country outside of the U.S. would significantly strengthen confidence in the theorized
vulnerability model, and moreover, facilitate understanding of cultural influences on AS-
smoking processes. Russia is one country whereby such work can be usefully extended, as AS
has been successfully studied in this country with conceptual equivalence to work in the U.S.
(Kotov et al., 2005). And finally, the AS-smoking model suggests that an interactive effect
may be apparent between these factors for depressive as well as panic symptoms (Zvolensky
& Bernstein, 2005). Past work has not conducted analyses focused on a wider range of affect
symptoms than panic symptoms. As such, future work would benefit by exploring the AS-
smoking model in relation to panic as well as depressive symptoms.

Together, the overarching aim of the present investigation was to test a clinically-relevant
theoretical prediction derived from a smoking-panic model among adults (Zvolensky &
Bernstein, 2005). The core objective was to replicate and uniquely extend extant research on
the AS-smoking status interactive association completed in adolescents from the U.S.
Participants in the present study were a large representative sample of the adult population
from Moscow, Russia (n = 390). It was hypothesized that, after accounting for the theoretically-
relevant variables of gender, alcohol use problems, and life stress, AS status would moderate
the relation between smoking status and anxiety symptoms and panic-related catastrophic
thinking about bodily events. Specifically, it was expected that high AS smokers, relative to
all other variable combinations, would report the highest levels of anxiety symptoms and panic-
relevant catastrophic thinking. This hypothesis was driven by panic-smoking conceptual
models (Zvolensky & Bernstein, 2005) and empirical evidence among youth (Leen-Feldner,
Zvolensky et al., in press) linking AS and smoking to panic. Additionally, it was hypothesized
that smoking status would interact with anxiety sensitivity to account for depressive symptoms.
To the extent that high AS smokers struggle with a continued cycle of anxiety-related
symptoms and smoking to cope with such distress (Zvolensky, Feldner et al., 2004), they should
be more apt to experience greater degrees of depressed affect. Finally, as a test of model’s
specificity, no interactive effect was hypothesized for general negative emotional symptoms.
According to extant smoking-panic theory (Zvolensky & Bernstein, 2005), the interactive AS
by smoking status model should be relatively specific to anxiety and depressive states rather
than general negative mood.

Materials and Methods
Participants

The sample was drawn from the population of adult residents of Moscow. Participants were
recruited during the spring and summer of 2002 using a geographic sampling method (see
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Zvolensky, Kotov et al., 2005), for a complete description). The final sample consisted of 390
participants, and was matched to the census on age and income with no more than one
percentage point difference for each demographic category. We were not able to match the
sample perfectly on education and somewhat over-sampled individuals with college education.
Twenty-four percent of the total sample (n = 95) reported being current smokers (simply
endorsing current smoking status); a rate generally in accord with smoking rates reported
elsewhere (CDC, 1999). The smokers in the present study smoked a mean of 15.6 (SD = 6.1)
cigarettes per day, smoked tobacco for the first time at age of 14.0 (SD = 4.3), and started
smoking regularly, which was defined as smoking at least once a week for at least two months
in a row, at age of 19.4 (SD = 5.2). On average, they smoked a total of 21.5 (SD = 13.1) years
in their life. Overall, the participants in this study were 50.5% female, 61.8% college educated
and had an average age of 43.55 years (SD = 16.4 years); a full range of incomes was
represented.

Measures
Assessment adaptation procedures. All measures were adapted using a multistage procedure
in accordance with contemporary standards for instrument translation. This adaptation process
is fully explained in a separate report (see Kotov et al., 2005, for details).

Smoking. Participants who were smokers completed a modified form of the CDC (1999)
smoking history assessment, which indexed a wide variety of smoking history characteristics
(e.g., number of cigarettes per day).

The Anxiety Sensitivity Index (ASI) is a 16-item questionnaire in which respondents indicate
on a five-point Likert-type scale (0 = very little to 4 = very much) the degree to which they fear
the negative consequences of anxiety symptoms (Reiss et al., 1986). The ASI has three lower-
order factors that all load on a single higher-order factor across diverse populations (Zinbarg
et al., 1997). The lower-order factors represent Physical, Psychological, and Social Concerns,
and the higher-order factor represents the Global AS construct. In the present investigation,
we utilized the total ASI score, as it represents the global-order AS factor and therefore takes
into consideration different types of fears, including fears of panic-related somatic, cognitive,
and social cues. The ASI has demonstrated good internal consistency across diverse
populations (Peterson & Reiss, 1992), including Russians (Kotov et al., 2005); the measure
was similarly reliable in the present investigation, with a coefficient alpha of .88.

The Mood and Anxiety Symptom Questionnaire (MASQ) is a comprehensive measure of anxiety
and depressive symptoms (Watson et al., 1995). The MASQ shows excellent convergence with
other measures of anxiety and depression (Watson et al., 1995). In this study, we only used the
Anxious Arousal and Anhedonic Depressive scales of the MASQ (MASQ-AA and MASQ-
AD), which measures presence of “pure” anxiety symptoms and depressive symptoms,
respectively, during the past week. The Russian MASQ was reliable, with the coefficient alpha
of .85 for MASQ-AA and .90 for MASQ-AD.

The Agoraphobic Cognitions Questionnaire (ACQ) asks participants to rate the frequency of
14 maladaptive thoughts about anxiety and panic attack symptoms (Chambless et al., 1984).
There are items regarding both social/behavioral concerns and physiological concerns. Scores
on the ACQ can be computed by using a total score or two separate scores for the social/
behavior and physiological components. The ACQ has good internal consistency, test-retest
reliability, and convergent validity with other established measures (Arrindell, 1993; Warren
et al., 1990; Warren et al., 1989; Yartz et al., 2005). Existing research indicates that in Russian
samples the ACQ shows high convergence with measures of anxiety and is clearly distinct
from indexes of AS (Zvolensky, Kotov et al., 2005); thus, we utilized the ACQ total score as
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a global index of cognitive symptoms of anxiety. It was internally consistent in the present
sample (coefficient alpha = .85).

The Positive Affect Negative Affect Schedule (PANAS) is a mood measure commonly used in
psychopathology research (Watson et al., 1988). It assesses two global dimensions of affect:
negative and positive. Only the negative affect scale (PANAS-NA) was used in this study, as
a measure of subjective distress (past week). A large body of literature supports validity of the
PANAS (Watson, 2000). The Russian version of this scale was reliable (coefficient alpha = .
89).

Alcohol Use Disorders Identification Test (AUDIT) is a widely used measure for the detection
of alcohol problems. The AUDIT was constructed by World Health Organization investigators
specifically for international use (Babor et al., 1992). There is an impressive body of evidence
affirming validity and utility of the AUDIT (e.g., Saunders et al., 1993). The reliability of the
scale in this study was excellent (coefficient alpha = .93).

The Index of Environmental Stress (IES) asks a participant to indicate whether during the past
month he or she has been exposed to each of 20 aversive conditions listed in the index. The
IES is based on a validated measure of perceived life strain developed by American and
Ukrainian scientists to study psychological consequences of the Chernobyl nuclear plant
explosion (Adams et al. 2002). The IES assesses perceived exposure to a variety of aversive
conditions, including a lack of basic necessities (e.g. “you lack necessary medical help”),
financial hardship (e.g. “you do not have enough money to buy everything necessary for your
family”), sense of insecurity (e.g. “you are very afraid of a terrorist attack”), social stressors
(e.g. “you are separated with your children”), and strenuous conditions in the family
environment (e.g. “almost everyday you have to take care of your elderly parents or sick family
member”).

Results
Zero-Order Correlations for Theoretically-Relevant Variables

Zero-order correlations were first computed to examine relations between predictor and
criterion variables. Smoking status was significantly associated with agoraphobic cognitions;
there was no association between smoking status and anxious arousal as well as anhedonic
depressive symptoms, and negative affect. The ASI total score was not significantly associated
with anhedonic depressive symptoms, but was associated with agoraphobic cognitions, anxious
arousal, and negative affect, even when a conservative alpha level was set (p < .01). Table 1
provides the zero-order correlational matrix and descriptive data for all theoretically relevant
variables. There was no association between ASI total score and smoking status.

Hierarchical Regression Equations
The main and interactive relationships between AS and smoking status were evaluated in
relation to the primary dependent variables using a hierarchical multiple regression procedure
(Cohen & Cohen, 1983). Separate models were constructed for predicting anxious arousal,
anhedonic depression, agoraphobic cognitions, as well as negative affect. Gender, alcohol use
problems (continuous index on the AUDIT), and environmental stress (past month) were
entered as covariates at level one in the model to evaluate whether the predictor variables were
associated with the dependent variables above and beyond the effects due to gender, alcohol
use problems, and environmental stress. At the second level, the main effects for ASI total
score and smoking status (smoker/not) were simultaneously entered into the model as a set in
order to evaluate the individual variance accounted for by these variables. At the third level,
the interaction term between ASI and smoking status was entered into the model.
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Results of the four regression analyses are presented in Table 2. For anxious arousal, there was
a significant effect for environmental stress, but not gender or alcohol use at the first level of
the analysis. After accounting for the variance associated with variables at level 1, there was
a significant main effect for both smoking status and AS (see Table 2). Consistent with
prediction, there was a significant interaction at the third level in the model.

For the second regression, predicting agoraphobic cognitions, there was again a significant
effect for environmental stress, but no effect for gender or alcohol use problems at the first
level of the analysis. At the second level, there was a significant main effect for both AS and
smoking status. As predicted, there was a significant interaction at the third level of the model
(see Table 2).

In regard to anhedonic depressive symptoms, there was a significant effect for environmental
stress, but not for gender or alcohol use problems. At the second level, there were no significant
main effects for either AS or smoking status. As predicted, there was a significant interaction
at the third level of the model (see Table 2).

For the final regression, examining variance in negative affect, there was again a significant
effect for both environmental stress and alcohol use (AUDIT), but no effect for gender at the
first level of the analysis. At the second level, there was a significant main effect for AS, but
not smoking status. As predicted, there was not a significant interaction at the third level of the
model (see Table 2).

Significant interactions were examined in regard to hypothesized moderation both graphically
(see Cohen & Cohen, 1983; for a review) and analytically (Holmbeck, 2002) to determine
direction and significance. First, based on recommendations of Cohen and Cohen (1983; pp.
323, 419), the form of these interactions was examined by inserting specific values for each
predictor variable into the regression equations associated with the described analysis. As can
be seen in Figure 1–Figure 3, the form of the interactions supported hypotheses. Specifically,
having a positive smoking status combined with higher levels of AS were associated with
increased anxiety symptoms (Figure 1), agoraphobic cognitions (Figure 2), and depressive
symptoms (Figure 3) compared to being high on only one or neither of these factors.
Furthermore, based on recommendations of Holmbeck (2002), post-hoc probing analyses were
conducted on the data to examine moderation. Results indicated that moderation does indeed
occur in all three significant interactions. In all three cases, the relation between smoking status
and the outcome variables (i.e. anxious arousal, anhedonic depression, or agoraphobic
cognitions) was moderated when AS was high (t = 2.94, β = .19, p <.01, t = 2.02, β =.15, p <.
05 and t = 4.16, β = .27, p < .01, respectively).

Discussion
There is a growing recognition that smoking may interplay in a clinically meaningful manner
with AS in terms of panic-related problems (Zvolensky & Bernstein, 2005). Building from
such work, the present study sought to replicate and extend past work documenting an
interactive relationship between AS and smoking status in regard to a number of panic-related
variables among a representative sample from Russia.

Consistent with prediction, there was convergent evidence for a significant interactive effect
between AS and smoking status in regard to anxious arousal symptoms, catastrophic thinking
related to bodily events, and depressed affect. These effects were small in effect size, but
apparent after controlling for the variance attributable to gender, alcohol use problems,
environmental stress (past month) as well as the respective main effects. Inspection of the form
of these interactions indicated that, as expected, high AS smokers reported the highest levels
of anxiety and depressive symptoms and catastrophic thinking related to bodily events (see
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Figure 1). Also as expected, there was no interactive effect apparent for negative emotional
symptoms in general, providing evidence of explanatory specificity with respect to the studied
panic and depressive symptoms. Thus, the interactive effect for AS and smoking status provides
evidence for anxiety and depressive vulnerability but not negative affect in general. This
finding is expected given extant work on smoking and panic factors wherein there is an
expected theoretically-relevant learning process occurring that is not apparent for simply any
negative emotional state (Zvolensky & Bernstein, 2005). These data uniquely extend past
laboratory data among youth (Leen-Feldner, Zvolensky et al., in press). Thus, there is increased
confidence in past work and an extension of it to a novel population. Future work could continue
to refine and test this model by exploring whether particular AS lower-order factors are
especially important in this relationship. Overall, the present findings demonstrate that AS is
an important behavioral factor that qualifies the association between smoking status and panic-
related symptoms as well as depressed affect. Indeed, such data indicate that smokers with high
AS are at risk relative to their low AS non-smoking counterparts in regard to a range of
problems with panic-related as well as depressive symptoms. Although the cross-sectional
design does not permit explication of the causal relations between these vulnerability factors,
it provides an empirical basis for future work to build upon the present work and related findings
(Leen-Feldner, Zvolensky et al., in press) and conduct larger-scale prospective examinations.
Future study in this domain can focus on biological (e.g., increased risk of physical disease)
as well as behavioral (e.g., coping-based motivation for tobacco use) potential mechanisms of
action.

Though not the primary study objective, it is noteworthy that AS and smoking status shared
no variance with one another (see Table 1). This finding is important because it indicates that
these two panic-related risk factors are tapping different types of vulnerability processes. This
finding, in conjunction with the documented interaction, suggests that it may be fruitful to
target high AS smokers as an at risk population for developing future panic psychopathology.
For example, by employing integrated smoking-panic intervention protocols among high AS
smokers before they have developed panic psychopathology, it may be possible to prevent the
future development of such problems (see Zvolensky, Schmidt et al., 2006, for an expanded
discussion).

An implication of the present findings is that individuals may be at greater risk for panic-related
problems by virtue of individual differences in AS and smoking status. The identification of
such moderating relations is theoretically important, as it helps to refine understanding of
complex associations between a specific drug behavior (i.e., cigarette smoking) and panic
psychopathology. It also facilitates understanding subpopulations with potentially different
causal mechanisms or course of illness (Kraemer et al., 2002). Clinical intervention strategies
can be adapted to better meet the needs of the population with this type of information. For
example, rather than implementing prevention programs for panic disorder among individuals
with only a single known risk factor, it may be more efficacious and cost-efficient to work
towards developing prevention programs that focus on particularly high-risk segments of a
specific population such as smokers with high AS. In this way, moderators can potentially help
guide intervention decision-making to target high-risk groups.

There are a number of important interpretative caveats to the present study. First, the present
cross-sectional correlational design does not permit causal-oriented hypothesis testing. It is
nonetheless noteworthy that previous studies have typically found the panic-smoking
relationship to be unidirectional (from smoking to panic psychopathology rather than vice
versa; e.g., Bernstein et al., in press; Breslau & Klein, 1999). Although we did not have age of
onset data for the present sample, future work could focus on such data to better gauge the
patterning between smoking and panic vulnerability in addition to using prospective designs.
Second, as with most large-scale population based studies, self-report methods were utilized
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to index the core constructs of interest. The challenge to the data pertains to the possibility of
method variance contributing, at least in part, to the study results. To help remedy this concern,
future studies should utilize a multimethod assessment approach. Third, although co-varying
for alcohol use problems did not affect the pattern of findings in the present sample, empirical
research indicates smoking is correlated with other types of drug/alcohol use and problems
(Amos et al., 2004) and individuals with panic-related problems may use multiple types of
psychoactive substances (Zvolensky, Bernstein et al., 2006). Thus, a key issue to address in
future research is whether and how other types of substances (e.g., marijuana) affect the AS-
panic association, and how polysubstance use relates to panic vulnerability.

Fourth, we used a measure that indexes exposure to aversive life conditions in the past month.
We used this measure because it was constructed with an explicit a priori recognition of the
specific types of socio-environmental stressors that currently characterize life in Russia
(Yastrebov, 2001) as well as precedent of past work (Adams et al. 2002). Future work could
utilize measures that provide an even more precise operationalization of specific stress
constructs relevant to panic and/or smoking problems. Fifth, the present hypotheses were
contextualized theoretically in terms of panic-related processes (Zvolensky & Bernstein,
2005). Future work could therefore extend the present study by including other assessments
of panic-relevant processes, including unexpected panic attacks, severity of anticipatory
anxiety, and so on. Sixth, there were no significant main effects observed for either AS or
smoking status in regard to depressed affect, but there was the expected significant interaction.
This finding suggests that only the combination of these two factors is related to depressive
symptoms, a position that would be expected by extant theory pertaining to smoking and panic
(Zvolensky & Bernstein, 2005). Nonetheless, as we utilized a measure that taps only the
anhedonic features of depressed affect, it would be useful for future work to use other indices
of depressive problems to better understand the nature of this interactive process. Finally, we
utilized sampling methods that help to ensure a representative sample from the general
community. Nonetheless, our sampling procedures were limited to adult residents of Moscow
and therefore the present findings may not necessarily be representative of all Russians (e.g.,
individuals residing in rural areas). Future studies could address this potential limitation by
targeting individuals from a larger geographic distribution in order to further enhance the
generalizability of the present results.

Overall, the present study represents a novel, clinically-relevant test of the AS-smoking
relationship as it applies to panic-related problems across diverse populations. To better
understand the processes that contribute to panic psychopathology, it will be an important,
albeit challenging, task to continue efforts to link the study of AS within the context of
substance use behavior.
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Figure 1.
Interaction between anxiety sensitivity and smoking status predicting anxious arousal. On the
X-axis, “high” levels of AS refers to 1 standard deviation above the mean ASI level in the
entire sample; similarly, “low” AS levels refers to1 standard deviation below the mean AS
level in the entire sample.
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Figure 2.
Interaction between anxiety sensitivity and smoking status predicting agoraphobic cognitions.
On the X-axis, “high” levels of AS refers to 1 standard deviation above the mean ASI level in
the entire sample; similarly, “low” AS levels refers to1 standard deviation below the mean AS
level in the entire sample.
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Figure 3.
Interaction between anxiety sensitivity and smoking status predicting anhedonic depression.
On the X-axis, “high” levels of AS refers to 1 standard deviation above the mean ASI level in
the entire sample; similarly, “low” AS levels refers to1 standard deviation below the mean AS
level in the entire sample.
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