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Abstract

Aims—To test whether the relations between anxiety sensitivity (AS), a transdiagnostic risk 

factor, and alcohol problems are explained by chained mediation models, from AS through anxiety 

or depressive symptoms then drinking motives in an at-risk sample. It was hypothesized that AS 

would influence alcohol problems through generalized anxiety or depression symptoms and then 

through negatively-reinforced drinking motives (i.e., drinking to cope with negative affect and 

drinking to conform).

Design—Cross-sectional single- and chained-mediation models were tested.

Setting—Self-report measures were completed in clinics at Florida State University and the 

University of Vermont, USA.

Participants—Participants consisted of 523 adult daily cigarette smokers (M age = 37.23, SD = 

13.53; 48.6% female).

Measurements—As part of a larger battery of self-report measures, participants completed self-

report measures of AS, generalized anxiety, depression, drinking motives, and alcohol problems.

Findings—Chained mediation was found from AS to alcohol problems through generalized 

anxiety then through drinking to cope with negative affect (B = .04, 90% confidence interval [CI; .

004, .10]). Chained mediation was also found from AS to alcohol problems through depression 

then through drinking to cope with negative affect (B = .11, 90% CI [.05, .21]) and, separately, 

through socially motivated drinking (B = .05, 90% CI [.003, .11]).

Conclusions—Anxiety sensitivity and alcohol problems are indirectly related through several 

intervening variables, such as through generalized anxiety or depression and then through drinking 

to cope with negative affect.
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Alcohol use across the globe is prevalent and often harmful, as evidenced by a recent World 

Health Organization report indicating that 16.0% of individuals 15 years or older engaged in 

heavy episodic drinking behavior and that 5.9% of all global deaths (roughly 3.3 million 

individuals) and 5.1% of the global disease and injury burden were attributable to alcohol 

consumption [1]. Therefore, identification of risk factors and mechanisms by which these 

risk factors impact problems with alcohol are imperative. Anxiety sensitivity (AS) is a 

cognitive risk factor that reflects the extent to which an individual evaluates autonomic 

arousal as potentially harmful or dangerous [2,3]. AS has been implicated in alcohol 

problems [4–6]. Individuals with high AS appear to be motivated to use anxiolytic 

substances, such as alcohol, to temporarily diminish their exaggerated sensitivity to tension 

and arousal [2,7]. Empirical investigations point toward greater arousal-dampening effects 

of alcohol for individuals with high AS when compared with low AS, providing evidence of 

the subjective reinforcement alcohol may provide for individuals with high AS [8–11].

Individuals with high AS report greater problems with alcohol, including increased rates of 

excessive alcohol consumption [6,12], drinking to legal intoxication more frequently [13], 

and higher rates of alcohol dependence [7]. Further, longitudinal studies have implicated AS 

in the development of alcohol problems. For example, Schmidt et al. [5] reported that 

individuals with high AS were more likely to have developed an AUD after 24 months than 

were individuals with low AS.

AS may impact alcohol problems through its influence on drinking motives [7,14]. Cooper 

[15] posited several motivations for drinking including social motives and enhancement of 

positive affect, referred to as positive reinforcement drinking motives, and coping with 

negative affect and conforming to social norms, referred to as negative reinforcement 

drinking motives [14–16]. Whereas the evidence regarding AS and positive reinforcement 

drinking motives is equivocal [12,17], negative reinforcement drinking motives have been 

consistently linked to AS [11,12]. Individuals with high AS are more likely to report 

consuming alcohol to cope with negative affect than individuals with low AS [18,19]. 

Furthermore, high AS individuals are more likely to report conformity-motivated 

consumption than are low AS individuals [12,20].

Stewart et al. [12] investigated the mediating effects of drinking motives on the relation 

between AS and alcohol consumption in a sample of undergraduate students. AS was 

positively related to increased weekly drinking frequency and yearly excessive drinking. 

When coping and conformity motives were added as mediators, AS no longer significantly 

predicted weekly drinking frequency or yearly excessive frequency, suggesting that the 

relation between AS and alcohol problems is through drinking motives.

Another potential pathway between alcohol problems and AS is through generalized anxiety 

(i.e., excessive worry) and depression. Extant literature has indicated that AS has an 

amplifying effect on anxiety and that this effect extends to the cognitive symptoms of 
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depression [3,21–23]. High rates of comorbidity among alcohol use and abuse and anxiety 

and depression as well as significant associations between anxiety and depression and 

drinking motives have been well-documented in clinical and community samples [15,20,24–

26]. Kushner et al. [4] examined the mediating role of generalized anxiety along with 

several other anxiety symptom clusters between AS and drinking motives. In this study, 

generalized anxiety mediated the relation between AS and drinking to cope with negative 

affect and anxiety.

The aforementioned literature indicates the apparent complexity of the relations between AS 

and alcohol problems. DeMartini and Carey [14] have developed a complex theoretical 

model to explain these relations, involving several mediational pathways from AS to alcohol 

problems through anxiety and drinking motives (see Figure 1). AS may impact alcohol 

problems in a chained fashion through its influence on anxiety and then drinking motives 

given that AS impacts alcohol problems indirectly through drinking motives [12] and AS 

impacts drinking motives indirectly through anxiety [4,27]. Although DeMartini and Carey 

[14] do not address depression in their model, the role of AS as an amplifier of depressive 

symptoms as well as the relations between AS, depression, and alcohol suggest that 

depression may act in a similar manner to anxiety in their model [16,22,25].

Most studies examining the mediating effects of AS on alcohol problems are conducted on 

convenience samples [12,27]. It is important to understand these relations in populations at-

risk for alcohol problems. There is broad-based empirical evidence of high co-occurrence 

between the health behaviors of cigarette smoking and alcohol use problems [28]. Cigarette 

smokers drink more frequently and in higher quantities relative to non-smokers [29–31]. 

Notably, alcohol consumption combined with cigarette smoking increases the risk of 

numerous health conditions such as various types of cancer (e.g, oral, pharyngeal, laryngeal, 

esophageal, and lung cancer) relative to only smoking, only drinking, or neither smoking or 

drinking [32,33]. Therefore, addressing the impact of AS on alcohol problems in individuals 

who smoke cigarettes is important because of the high risk status for alcohol problems in 

this population.

The Current Study

In the current study, the mechanisms explicating the relations between AS and alcohol 

problems, as proposed by DeMartini and Carey [14], were examined. It was hypothesized 

that AS would influence alcohol problems through a chained mediation model [34]. In this 

model, AS impacts alcohol problems, first through generalized anxiety or depression 

symptoms, and then through negative reinforcement drinking motives (i.e., coping and 

conformity). Mediation models were tested for generalized anxiety and depression 

separately, including each drinking motive (i.e., coping, conformity, social, enhancement) 

independently. Based on past studies [4,12], it was expected that the chained mediation 

models would be significant for negative reinforcement drinking motives only. It was 

hypothesized that these effects would be above and beyond mediation effects from AS to 

alcohol problems directly through negative reinforcement drinking motives and from AS to 

alcohol problems through anxiety and depression symptoms.
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Methods

Participants

The current study included 523 adults from the community recruited to participate in a 

randomized controlled trial investigating the effects of a smoking cessation program who 

reported drinking alcohol. Data was collected at two sites simultaneously (Florida State 

University [FSU], n = 361, and the University of Vermont [UVM], n = 162). All data used 

in the present investigation were collected prior to the intervention at the baseline 

assessment. Eligibility requirements included: a minimum age of 18 years, smoking daily 

for at least one year, smoking a minimum of 8 cigarettes per day, and reported motivation to 

quit smoking. The racial/ethnic breakdown of the sample was: 83.6% Caucasian, 6.4% 

Black/Non-Hispanic, 1.0% Black/Hispanic, 2.5% Hispanic, 1.1% Asian, and 2.5% other 

(e.g., bi-racial). Gender was relatively evenly distributed (48.6% Female) with ages ranging 

from 18 to 68 years (M = 37.23, SD = 13.53).

Procedure

Individuals who met the inclusionary criteria after a semi-structured clinical interview 

(Structured Clinical Interview for DSM-IV-TR; [35]) completed a baseline assessment prior 

to randomization and smoking cessation treatment. Participants had to be 18 years of age or 

older, a daily smoker for at least 1 year, smoke a minimum of 8 cigarettes per day, and 

report a motivation to quit to be eligible for inclusion in the current study. Rates of 

agreement, calculated using Cohen’s kappa, between clinical interviewers examined for a 

subset of individuals (12.5% of the sample) were 98%. During the baseline appointment 

participants completed various self-report measures assessing demographic, psychological, 

and smoking related constructs. Only the measures relevant to the current study are 

discussed herein. The study was approved by the university’s IRB, and informed consent 

was obtained from all participants.

MeasuresAnxiety Sensitivity Index–3 (ASI-3)—The ASI-3 [36] is an 18-item self-

report measure used to measure fear of anxiety related sensations. Adapted from the ASI 

[24], the ASI-3 provides a more stable assessment of the three most commonly replicated 

lower-order anxiety sensitivity dimensions (i.e., cognitive, social, and physical concerns). 

The ASI-3 demonstrated excellent internal consistency (α = .93) in the present study.

Penn State Worry Questionnaire (PSWQ)—The PSWQ [37] is a 16-item scale 

measuring the frequency, intensity, and uncontrollability of worry commonly associated 

with generalized anxiety disorder. Studies have shown that the PSWQ can distinguish 

between individuals with and without GAD [38]. The PSWQ demonstrated good internal 

consistency (α = .83) in the present study.

Inventory of Depression and Anxiety Symptoms-Dysphoria scale (IDAS-
Dysphoria)—The IDAS [39] is a 64-item questionnaire that measures specific symptom 

dimensions of mood and anxiety disorders. The IDAS includes symptom subscales as well 

as two broader composite scales of depression: Dysphoria and General Depression. The 10 

items from the Dysphoria scale were used in the current study. Studies have shown that the 
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Dysphoria scale can distinguish between individuals with and without major depressive 

disorder [40]. The Dysphoria scale demonstrated excellent internal consistency (α = .92) in 

the present study.

Drinking Motives Questionnaire – Revised (DMQ-R)—The DMQ-R [15] is a 20-

item questionnaire of the frequency of drinking for four distinct motivations (i.e., social, 

enhancement, conformity, and coping). The social (α = .93), enhancement (α = .90), coping 

(α = .91), and conformity (α = .86) subscales displayed excellent internal consistency in the 

present study.

Alcohol Use Disorders Identification Test (AUDIT)—The AUDIT [41] is a 10-item 

questionnaire, containing items measuring alcohol consumption and dependence, developed 

to screen for alcohol use problems in primary care settings. The AUDITd has demonstrated 

high sensitivity and specificity for identifying individuals with an Alcohol Use Disorder 

[42]. The AUDIT demonstrated good internal consistency (α = .83) in the present study.

Data Analytic Strategy

Descriptive statistics and correlations for all variables were first computed and reported. 

Following this, structural equation models (SEMs) were fit to item-level data, modeled 

continuously, in Mplus version 7.1 [43], using Full Information Maximum Likelihood to 

account for missing data. Overall model fit was assessed using the χ2 fit statistic and 

additional χ2-based fit indices. A nonsignificant χ2 value indicated excellent model fit to the 

data. Additionally, comparative fit index (CFI) values greater than .90, root mean square 

error of approximation (RMSEA) values below .08, and standardized root mean square 

residual (SRMR) value below .08 indicated adequate fit. An RMSEA 90% confidence 

interval below .05 indicated that close fit could not be dismissed and a 90% CI containing a 

value greater than .10 indicated that poor fit could not be dismissed [44–46].

SEMs were first modeled to examine the relations between AS and the mediators and 

alcohol problems separately to examine direct effects between AS and all other variables. In 

these and all subsequent analyses, gender, age, and site (i.e., FSU or UVM) were included as 

control variables on the dependent variables. Gender and age were included as control 

variables given the relations between these two demographic variables and alcohol problems 

in prior research [47,48]. The AS factor was modeled as a second-order factor model 

containing Physical Concerns, Cognitive Concerns, and Social Concerns as first-order 

factors. The Alcohol Problems factor was also modeled as a second-order factor model, 

containing Alcohol Dependence and Alcohol Consumption factors as first-order factors. The 

Generalized Anxiety, Depression, and drinking motives factors were modeled as first-order 

factors. Mediation models were then examined. Three mediation pathways were examined 

in each model (see Figure 1). A chained mediation pathway was conducted with Generalized 

Anxiety and Depression included independently as the first chain of the pathway and each 

drinking motive (i.e., Coping, Conformity, Social, and Enhancement factors) as the second 

chain of the pathway (through the paths labeled B1, B2, and B3 in Figure 1; [34]). A single-

mediator pathway was examined from AS to Alcohol Problems through each drinking 

motive factor (through B5 and B3). A single-mediator pathway was also examined from AS 
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to Alcohol Problems through Generalized Anxiety and Depression (through B1 and B4). A 

direct pathway from AS to Alcohol Problems was also included (B6). Gender, age, and site 

were included as covariates, with paths to Generalized Anxiety and Depression, drinking 

motives, and Alcohol Problems.

Mediation models were conducted from a SEM framework as this method mitigates 

measurement error in constructs, providing unbiased mediation effects [49]. Bias-corrected 

bootstrapped CIs with 1,000 bootstrap samples to provide consistent and replicable results 

[50] were used to judge the significance of parameter estimates as this method has 

demonstrated an optimal balance between power and Type I error [49,50].

Results

Descriptive Statistics

Descriptive statistics and correlations for AS, generalized anxiety, depression, drinking 

motives, alcohol problems, and control variables are provided in Table 1. Although latent 

variables were used in analyses, scale score means were reported to provide sample statistics 

comparable to other studies.

Direct Effects of AS on Anxiety and Depression, Drinking Motives, and Alcohol Problems

An SEM examining the direct effects of AS (controlling for gender, age, and site) on 

Generalized Anxiety and Depression provided adequate fit to the data (see Table 2). AS was 

associated with Generalized Anxiety and Depression (see top panel of Table 3). Further, 

37% of the variance in Generalized Anxiety and 30% of the variance in Depression were 

accounted for in this model. An SEM examining the direct effects of AS and on the drinking 

motives factors, controlling for gender, age, and site, provided adequate fit to the data. AS 

was associated with Coping, Conformity, and Social, but not Enhancement (see middle 

panel of Table 3). Further, 9–18% of the variance in the drinking motives factors were 

accounted for in this model. An SEM examining the direct effects of AS, controlling for 

gender, age, and site, on Alcohol Problems provided adequate fit to the data. AS was 

associated with Alcohol Problems (see bottom pane of Table 3) and this model accounted 

for 24% of the variance in Alcohol Problems.1

Chained Mediation Models between AS and Alcohol Problems including Generalized 
Anxiety

Pathway estimates and CIs for the mediation models including Generalized Anxiety are 

provided in Table 4. All drinking motives were significantly associated with Alcohol 

Problems. AS was significantly associated with Alcohol Problems across all drinking 

motives models also, with the exception of the Social model. Across all drinking motives, 

with the exception of Enhancement, a single-mediator effect was found for the relation 

between AS and Alcohol Problems through drinking motives. There was a significant 

1Several empirically supported residual variances were allowed to covary within models to improve model fit. These included all 
reverse-scored items on the PSWQ (i.e., items 1, 3, 8, 10, and 11) and items 1 and 3 on the AUDIT.
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chained mediation effect from AS through Generalized Anxiety then through Coping to 

Alcohol Problems.

Chained Mediation Models between AS and Alcohol Problems including Depression

In the mediation models containing Depression (see Table 4), all drinking motives were 

significantly associated with Alcohol Problems. AS remained significantly associated with 

Alcohol Problems only in the model containing Enhancement. There were no significant 

mediation effects in the model containing Enhancement. There was a significant single-

mediation effect from AS to Alcohol Problems through Conformity. As hypothesized, there 

was a significant chained mediation effect from AS through Depression then through 

Coping to Alcohol Problems. Unexpectedly, there was also a significant chained mediation 

effect from AS through Depression then through Social to Alcohol Problems. 2

Discussion

As hypothesized, the relation between AS and alcohol problems was explained by a chained 

mediation process through both generalized anxiety and depression when drinking to cope 

with negative emotions was included. Although no previous studies have tested this full 

mediation model, direct effects of AS and mood and anxiety symptoms on drinking to cope 

and alcohol problems have been reported [4,19,26,27]. Indirect effects have also been 

reported from AS to coping through generalized anxiety and from AS to alcohol problems 

through drinking to cope [4,12,27]. Therefore, these findings provide support for the chained 

mediation model as proposed by DeMartini and Carey [14] as well as extend this model to 

include depression as a mediator between AS and coping motives.

A chained mediation effect was also found for depression when social drinking motives 

were included in the model. The presence of this effect for depression but not for 

generalized anxiety might be due to the difference in positive affect separating anxiety and 

depression. Whereas high negative affect is a defining feature of depression and anxiety, low 

positive affect is a defining feature of depression only [52,53]. Further, low positive affect 

has been linked to positively-reinforced drinking motives [16], suggesting that individuals 

with depressive symptoms might be more likely to drink because of positive reinforcement 

drinking motives, such as social drinking motives, associated with increasing positive affect. 

Social drinking motives may be especially relevant as individuals high in depressive 

symptoms may be using alcohol to enhance social rewards they may be missing due to the 

low overall social engagement that is symptomatic of depression [39]. Therefore, individuals 

with elevated AS and depression may adopt positively- and negatively-reinforced drinking 

motives leading to the development of alcohol problems.

2Given that this sample consisted primarily of cigarette smokers, all analyses were also conducted including item 2 from the 
Fagerström Test for Nicotine Dependence (FTND), which assesses cigarettes smoked per day [51]. There was one difference between 
the reported results and the results including FTND item 2. The effect of AS was not significant in the model including AS, 
Depression, and Enhancement drinking motives (B = .17, 90% CI [−.001, .37]). However, 38 individuals did not have FTND data 
available, and were therefore not included in the analyses including FTND as a control variable. Therefore, analyses without including 
FTND as a covariate was presented in the manuscript.

Allan et al. Page 7

Addiction. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



When mediation was present in the models containing depression, the effect was primarily 

through the proposed chained mediation model, with the exception of the model including 

conformity drinking motives, which directly mediated the relation between AS and alcohol 

problems. For generalized anxiety, however, pathways from AS to alcohol problems were 

present directly through drinking motives across all drinking motives models except social 

drinking motives (although this effect was in the expected direction). The reason for this 

discrepancy is likely because of the similar relation depression and generalized anxiety share 

with AS and the stronger relation depression shares with alcohol problems, in the current 

study (as evidenced by the correlations between the scales), as well as in prior research [54]. 

Therefore, depression appears to better capture the relation between AS and drinking 

motives more fully than including generalized anxiety as a mediator.

There are several limitations to consider. Models for anxiety and depression as well as 

models including distinct drinking motives were examined separately to limit the potential 

influence of multicollinearity on the results. Therefore it is possible that the overlap among 

anxiety and depression or among the drinking motives may account for the current findings. 

However, the specificity of the findings, especially in that chained mediation for depression 

was found for social drinking motives whereas chained mediation for anxiety was not, limit 

the concern that these findings are more broadly related to the overlap among anxiety and 

depression or among the drinking motives. Data for this study were collected concurrently, 

meaning that causality cannot be determined. However, the pathways in this model have 

been proposed theoretically as well as detected empirically [4,12,14]. Shared method 

variance is a concern because self-report measures were used across all facets of the study, 

suggesting the need for replication including other assessment methods such as diagnostic 

report or physiological methods of assessing AS and anxiety. Finally, the current sample 

comprised daily cigarette smokers, which may influence the generalizability of the current 

results, especially given the complicated relations between anxiety and depression and 

smoking behavior [55]. Future studies should replicate these findings in other populations.

Overall, the current study provides support for the chained mediation model of AS 

impacting alcohol problems through anxiety, depression and coping drinking motives [14] in 

a sample of individuals at-risk for drinking problems because of their status as cigarette 

smokers. As posited by DeMartini and Carey [14], the pathway between AS and alcohol 

problems was a function of several intervening risk and motivational factors. The present 

study has potential clinical implications. Namely, given the chained mediation pathways 

from AS to alcohol problems, interventions targeting several intervening risk and 

motivational factors may prove more effective in reducing alcohol problems, especially in 

individuals with elevated levels of AS.
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Figure 1. 
Example of chained mediation model from the Anxiety Sensitivity factor to the Alcohol 

Problems factor. AS = Anxiety Sensitivity. Symptom = Generalized Anxiety or Depression 

factor. Motive = Drinking Motive factor (Social, Enhancement, Coping, Conformity). 

Lower-order factors of AS and Alcohol Problems, indicators of AS, Symptoms, Motives, 

and Alcohol Problems, gender, and residual variances are omitted for clarity.
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