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SUMMARY 

 

 Adolescence is a critical period of vulnerability for the initiation, increase, and regular 

use of substances. The multiple life-changes and transitions that converge during adolescence 

such as the onset of puberty, school transitions, and emerging romantic relationships, make 

adolescence a developmentally vulnerable period for increased levels of anxiety. Within the self-

medication model of substance use, drugs serve a coping function whereby they help regulate 

heightened emotions. The goal of the current study (N = 1263) was to investigate the complex 

relationship between type of substance use (cannabis, alcohol, and cigarettes), level of substance 

use (non-user and regular user), and anxiety (somatic anxiety and perceived stress) over time in 

an adolescent population. This study examined independent and joint contributions of anxiety 

and stress in predicting three different kinds of adolescent drug use over two years. It was 

hypothesized that higher levels of baseline anxiety would predict higher levels of substance use 

two years later. Results showed that while somatic anxiety and perceived stress independently 

predicted higher levels of cannabis and cigarette use, only perceived stress predicted future 

cannabis and cigarette use when examined together. However, neither perceived stress nor 

somatic anxiety predicted future alcohol use. Our second goal was to investigate baseline levels 

and changes in anxiety and stress over time as a function of the three different kinds of 

adolescent drug use and level of substance use groups (adolescents who did not use substances at 

any time point versus adolescents who used substances at each of the time points). The study 

used hierarchical linear modeling to test the hypothesis that regular users would show higher 

levels of baseline anxiety than non-users for all substances. Additionally, it was hypothesized 

that over a two-year period, regular users would decrease anxiety faster than non-users for each 

substance. Results were complex and varied depending upon level of substance  
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SUMMARY (Continued) 

 

use, type of substance use, and type of anxiety examined. Overall, results showed that for all 

adolescents, both somatic anxiety and perceived stress decreased over time. Adolescents who 

smoked cigarettes and marijuana across all time points showed higher levels of baseline 

perceived stress and somatic anxiety than non-users. Contrary to the self-medication model and 

hypotheses, perceived stress decreased at the same rate for all three substances and all levels of 

use. However, the differences in perceived stress at baseline and changes over time are unlikely 

to be clinically significant given the small statistical estimates. This suggests that adolescents 

who are using substances regularly do not have higher perceptions of stress than individuals who 

are not using substances at all and that ultimately, perceived stress may actually be quite stable 

over time. Somatic anxiety had a markedly different relationship to cannabis and cigarette use 

than perceived stress. The bodily sensation of anxiety was heightened at baseline for any 

adolescents who were smoking cigarettes or cannabis regularly. Additionally, somatic anxiety 

decreased over time at a faster rate for individuals who were smoking cigarettes and cannabis 

regularly, suggesting that the anxiolytic effects of cannabis and cigarettes may be effective at 

decreasing some aspects of anxiety. Level of alcohol use did not influence the perception of 

stress an adolescent experienced at baseline but regular alcohol drinkers did show higher 

baseline somatic anxiety than non-users. However, regular drinking did not affect the decrease of 

the perception of stress nor somatic anxiety over time. Potential explanations for the findings, 

study limitations, and suggestions for future research are discussed. 
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1. INTRODUCTION 

1.1. Project Overview and Significance 

The majority of adults who are addicted to substances started using substances at or prior to 

the age of 18 (USDHHS, 2004). In 2010, the annual prevalence of use by persons under age 18 of 

using any illicit drug was 38% of 12
th

 graders and 30% of 10
th

 graders (Johnston, O'Malley, 

Bachman, & Schulenberg, 2011). Adolescence is a critical period of vulnerability for the initiation 

of substance use, for increases in substance use, and for the development of substance-use 

problems. Adolescent substance use is related to increased mental health problems, violence, 

addiction, and other long-term health risks (Durant, Altman, Wolfson, Barkin, Kreiter, & 

Krowchuk, 2000; Fryar, Merino, Hirsch, & Porter, 2009; Miller, Naimi, Brewer, & Jones, 2007; 

Munafò, Hitsman, Rende, Metcalfe, & Niaura, 2008).  

Adolescence is a uniquely labile period biologically, cognitively, emotionally, and socially 

(Cicchetti & Rogosch, 2002). The multiple life-changes and transitions that converge during 

adolescence (e.g., onset of puberty, school transitions, emerging romantic relationships; Cicchetti 

& Rogosch, 2002) place increasing pressure on adolescents. As a result, adolescents experience 

increased levels of anxiety (Larson, Moneta, Richards, & Wilson, 2002), which may put them at 

risk for increased substance use. Data from the National Comorbidity Survey show that 15- to 24-

year-olds have the highest risk of comorbid anxiety and substance use compared with other age 

groups (Kessler et al., 1994). Comorbidity of anxiety and substance use is particularly common 

and has been linked to various detrimental outcomes (Swendsen et al., 2009). Understanding fully 

the co-occurrence of anxiety and substance use, thus, has important implications for prevention 

and intervention programs, as well as for understanding the overall pattern of adolescent mental 

health. Although prior research has documented a positive overall association between anxiety and 
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substance use, there is a need for longitudinal research that investigates this relationship 

throughout development. 

Internal emotional-regulation processes have received a lot attention in the literature as one 

factor in adolescent substance use. Mounting evidence collectively suggests that individuals use 

drugs, in part, to regulate affective experience (e.g., tension reduction, mood enhancement). 

Findings from this body of research suggest that negative emotionality is related to the initiation 

and progression of substance use (e.g., Novak & Clayton, 2001; Simons & Carey, 2002; Wills, 

Walker, Mendoza, & Ainette, 2006). Specifically, anxiety has been shown to relate to adolescent 

alcohol use (Kaplow, Curran, Angold, & Costello, 2001; Swendsen, Merikangas, Canino, Kessler, 

Rubio-Stipec, & Angst, 1998; Zimmermann, Wittchen, Fler, Pfister, Kessler, & Lieb, 2003), 

cigarette use (Johnson, Cohen, Pine, Klein, Kasen, & Brook, 2000; Patton, Carlin, Coffey, Wolfe, 

Hibbert, & Bowes, 1988), and cannabis use (Buckner, Schmidt, Lang, Small, Schlauch, & 

Lewinsohn, 2008; Comeau, Stewart, & Loba, 2001; Penning & Barnes, 1982). However, there is 

less understanding of the reciprocal relationship between anxiety and substance use. 

Many previous studies have utilized diagnosed anxiety disorders rather than measures of 

anxiety symptomatology. The use of continuous measures of anxiety symptomatology could help 

to target a significant proportion of the adolescent population that has often been overlooked 

through the use of more stringent diagnostic criteria (Angold, Costello, Farmer, Burns, & Erkanli, 

1999). Examining aspects of anxiety symptoms and the perception of stress may help increase our 

understanding of their respective relations to substance use (Hussong & Chassin, 1994): that is, 

specific types of anxiety and beliefs about stress may have different relationships to substance use. 

This will be especially useful for consolidating the findings of multiple definitions of anxiety and 

use of anxiety constructs in the literature. For example, symptoms of somatic anxiety and 
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perceived stress have each been found to positively correlate with adolescent substance use 

(Comeau, Stewart, & Loba, 200; Kaplow et al., 2001; Bonn-Miller, Zvolensky, & Bernstein, 

2007). However, it is unknown how the different aspects of anxiety influence adolescent substance 

use together.  

The most commonly used substances during adolescence are alcohol, marijuana, and 

cigarettes (Johnson, O’Malley, Bachman, & Schulenberg, 2013). An important issue in the 

investigation of the dimensions of comorbidity between anxiety and substance use is that the 

relationships may vary for different types of substances. While the use of cigarettes, alcohol, and 

marijuana and other illicit drugs is commonly correlated with anxiety for adolescents (Kandel, 

1982), the physiological effects of the substances and the social context in which they are used 

may differ (American Psychiatric Association, 2000). It is therefore useful to examine the 

relationship between anxiety and substance use separately for alcohol, marijuana, and cigarettes.  

A developmental model of substance use can shed light on the relationship between 

adolescent substance use and anxiety. By using the heuristics of substance-use categories (i.e., 

non-user, regular user), we can better understand the use-specific relationships between anxiety 

and substance use that fall outside the overall average trajectories (Hussong et al., 2001; Jackson & 

Sher, 2003; Jackson, Sher, & Wood, 2000). That is, an adolescent trying marijuana for the first 

time and a regular marijuana smoker may have unique starting levels of anxiety and different 

changes in anxiety over time, despite quantity, duration, and substance choice being identical. 

Non-users, initiating substance use, and regular use are common categories in the substance use 

literature (e.g., Byrne, Byrne, & Reinhart, 1995; Munafo, Zetteler, & Clark, 2007). 

Theory and research suggest that anxiety in adolescence is positively correlated to 

smoking, drinking, and cannabis use. Understanding factors that predict the use of adolescent 
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substance use can inform early prevention strategies and intervention programs, as well as advance 

our overall understanding of adolescent health. The current study will focus on the role of anxiety 

in the development of substance use among adolescents considering cigarette smoking, alcohol 

use, and cannabis use.  

Several dimensions of the relationship between anxiety and substance use through 

adolescence should be investigated. The relationship between levels of anxiety and substance use 

is the most commonly studied dimension of the relationship between these variables. A second 

dimension is the association between changes in the two variables across adolescent development. 

Such an association provides evidence that anxiety and substance use are developmentally 

intertwined and supports developmental interventions that focus either on preventing the 

emergence of anxiety in adolescence by lessening escalation of substance use or on dampening 

increases in substance use by lessening the development of anxiety. A third dimension of the 

relationship between anxiety symptoms and substance use stems from the heuristic of substance-

use categories. It is possible for both anxiety and substance use to have use-specific relationships 

(i.e., users, non-users) that fall outside the overall average trajectories (Hussong, Hicks, Levy, & 

Curran, 2001; Jackson & Sher, 2003; Jackson, Sher, & Wood, 2000). That is, an adolescent trying 

marijuana for the first time and a regular marijuana smoker may have unique starting levels of 

anxiety and changes in anxiety over time despite substance quantity, duration of use, and substance 

choice being identical at a given time point. For example, within the self-medication model, an 

adolescent regularly using cannabis may have higher levels of anxiety than a non-user. However, 

over time and continued use, the anxiety would be “regulated” and expected to equal that of the 

non-user user. Unique to the extant literature, the similarities and differences with regard to 

anxiety type and several substances over time will be explored. 
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The goal of this study is to investigate the complex relationship between type of substance 

use (cannabis, alcohol, and cigarettes), level of substance use (non-user, regular user), and anxiety 

(somatic anxiety and perceived stress) over time in an adolescent population. We employed several 

continuous measures of anxiety that capture somatic symptoms and perceived stress. We examined 

a time span through adolescence when use of substances becomes common and increases (Johnson 

et al., 2013) and when diagnosed anxiety becomes prevalent (Kaplow, Curran, Angold, & Costello, 

2001). Within each substance use category non-users and regular users will be defined the same 

way to increase direct comparisons. Non-users are defined as any adolescents who did not use over 

the course of the two-year study. This may include individuals who previously tried substances but 

did not use during our study. Regular users are defined as adolescents who use at every time point 

of our study. This will limit the individuals who try a drug or experiment and then stop using, thus 

maximizing the ability to test the self-medication model.  

The current study goes beyond prior work in several ways. First, this study assessed several 

conceptual views of anxiety (anxious arousal and perceived stress) to allow for a more thorough 

understanding of the role of anxiety in substance use. Second, we used continuous measures of 

anxiety symptomatology to target a significant proportion of the adolescent population that has 

often been overlooked due to the traditional use of more stringent diagnostic criteria such as 

anxiety disorders (Angold et al., 1999). Third, we used multiple substances (cigarette, alcohol, and 

cannabis use) from the same cohort to allow direct comparisons among the differential effects on 

anxiety. Fourth, this study examined the dynamic reciprocal relationship of the proposed variables 

over time. Finally, we used several categories of drug use (non-user, regular user) to increase the 

understanding of how adolescent anxiety changes as function of regular substance-use beyond 

overall average trajectories. 
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Our premise is that the overall relationship between anxiety and use can be parsed into 

hypothesized positive associations in concurrent level, concurrent change, and type of use, as well 

as reciprocal predictive associations. It was expected that higher levels of baseline anxiety would 

predict higher levels of future substance use. Reciprocally, it was expected that regular users 

would have both higher levels of initial anxiety and faster decreases in anxiety over time than non-

users (i.e., steeper slope). We expect these findings to generalize across substances and anxiety 

type.  
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2. CONCEPTUAL FRAMEWORK AND RELATED LITERATURE 

2.1  Problems of Use Examined 

2.1.1  Cigarette Use 

Tobacco use is the leading preventable cause of premature death in the United States, 

accounting for approximately 438,000 deaths each year (CDC, 2005a). Although rates of smoking 

have decreased in the past decade, the rate of decline has slowed in recent years (CDC, 2005b), 

and smoking remains a major public health concern. The majority of adults who are addicted to 

cigarette smoking started smoking at or prior to the age of 18 (USDHHS, 1994), making 

adolescence a crucial developmental period with regard to which smoking-related behaviors 

should be examined. Recent national data show that 42% of U.S. high school students try smoking 

by senior year; 12.2% of 12
th

 and 7.6% of 10
th

 graders smoke daily, and 5.9% of seniors and 3.3% 

of 10
th

 graders smoke a minimum of a half pack of cigarettes per day (Johnson, O’Malley, 

Bachman, & Schulenberg, 2011a).  

Smoking causes a wide range of diseases, including many types of cancer, chronic 

obstructive pulmonary disease, coronary heart disease, stroke, peripheral vascular disease, and 

peptic ulcer disease (Fagerstrom, 2002; McBride, 1992). Among smokers, rates of cancer of the 

cervix, pancreas, bladder, kidney, stomach, and hematopoietic tissue are increased 50% to 200% 

over rates in nonsmokers (Newcomb & Carbone, 1992). In addition, smoking during pregnancy 

adversely affects fetal and neonatal growth and development. 

2.1.2  Alcohol Use 

Alcohol use remains extremely widespread among today’s adolescents. Johnston and 

colleagues’ Monitoring the Future study (2011) shows that, despite recent declining rates, nearly 

three quarters of students (71%) have consumed alcohol (“more than just a few sips”) by the end of
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 high school, and more than one third (36%) have done so by 8th grade; more than half (54%) of 

12th graders and one sixth (16%) of 8
th

 graders in 2010 report having been drunk at least once in 

their life.  

Rates of alcohol use among adolescents are problematic across all social strata. In a 

comparison of three national surveys with data on adolescent drug use (the Monitoring the Future 

study, the National Household Survey on Drug Abuse, and the Youth Risk Behavior Survey), 

O’Malley, Johnston, and Bachman (1998) found extremely small differences among 

sociodemographic subgroups. These subgroups were defined by geographical region, population 

density, parental education, and family structure. These findings imply that the prevalence of 

alcohol use among adolescents is a widespread problem that affects all sociodemographic groups 

similarly. 

Adolescent drinking is associated with serious psychological and physiological risks 

(Bonomo et al., 2001). Heavy alcohol use has been shown to lead to liver disease and other 

psychiatric disorders, such as depression, anxiety, and antisocial personality disorder (Naimi et al., 

2003). Alcohol use has also been shown to have a connection to tobacco use in adolescents. 

Johnson, Boles, Vaughan, and Klever (2000) found that adolescents who were categorized as 

binge drinkers were significantly more likely to engage in tobacco use. Alcohol use at younger 

ages has been shown to serve as a “gateway drug” (King & Chassin, 1997), which puts adolescents 

at higher risk later for use of illegal drugs such as LSD, cocaine, amphetamines, and heroin 

(Johnson et al., 2005b). Alcohol use in adolescents has been shown to be associated with the top 

three leading causes of death among adolescents: unintentional injuries, homicide, and suicide 

(Anderson & Smith, 2003). Additionally, according to Cooper, Peirce, and Farmer-Huselind 

(1994), alcohol use in adolescence has been shown to lead to higher rates of risky sexual activity. 
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Finally, alcohol use is associated with higher rates of suicide (Reifman & Windle, 1995) and 

driving while under the influence of alcohol (CDC, 2003).  

2.1.3  Cannabis Use 

Adolescent cannabis use is on the rise (Johnson et al., 2011). Johnston and colleagues’ 

Monitoring the Future (2011b) shows that nearly half of students (44%) have tried cannabis by the 

end of high school and that nearly one in five students (17%) have done so by 8th grade. 

Additionally, daily cannabis use is on the rise, with 6% of 12th graders and 1% of 8
th

 graders 

engaging in use; this does not account for high school dropouts who report a much larger daily use. 

Moreover, recent research has indicated increased rates of cannabis abuse and dependence among 

young adults (Compton, Grant, Colliver, Glantz, & Stinson, 2004). These data are alarming from a 

public health perspective, as regular and heavy users of cannabis are at increased risk for a variety 

of problems including, but not limited to, medical illness (e.g., chronic bronchitis; Bloom, 

Kaltenborn, Paoletti, Camilli, & Lebowitz, 1987), risk-taking behavior (e.g., unprotected sexual 

intercourse; McDonald, Schleifer, Richards, & de Wit, 2003), and interpersonal impairment 

(Stephens, Roffman, & Simpson, 1993). 

 

2.2 Definitional Issues: Negative Emotions and Anxiety 

Negative affect has been shown to be a major risk factor for adolescent substance use and 

abuse. Nonspecific negative affect has been linked to cigarette, alcohol, and cannabis use (Brown, 

Lewinsohn, Seeley, & Wagner, 1996; Chassin, Pillow, Curran, Molina, & Barrera, 1993; Windle 

and Windle 2001; Buckner et al., 2008; Comeau et al., 2001; Penning & Barnes, 1982). However, 

several theories regarding emotions propose that emotional states are not meaningfully reducible to 

a smaller set of common, nonspecific dimensions (e.g., Ekman, 1984; Kassel, Stroud, & Paronis, 
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2003; Oatley & Jenkins 1992) and need to be expanded to include a wider range of emotional, 

physical, and cognitive experiences. While anxiety includes aspects of negative emotionality, 

Watson, Clark, and Carey (1988) make the distinction that anxiety also includes heightened levels 

of arousal, hostility, anger, neuroticism, physical complaints, and irrational beliefs. As such, it is 

useful to examine predictors beyond a two-dimensional definition of negative emotionality (i.e., 

negative and positive). Indeed, Johnson, Bonn-Miller, Leyro, and Zvolensky, (2009) found that 

anxious arousal symptoms, but not negative affect (a trait shared by depression and anxiety), were 

significantly and uniquely related to the frequency of cannabis use in young adults.  

Many studies use diagnosed anxiety disorders instead of more specific measures of anxiety 

symptomatology. For example, generalized anxiety disorder was associated with the progression 

from a first drink to alcohol dependence (Sartor et al., 2006) in a sample of older adolescents. 

However, the use of continuous measures of anxiety symptomatology could help to target a 

significant proportion of the adolescent population that has often been overlooked through the use 

of more stringent diagnostic criteria (Angold et al., 1999). Examining aspects of anxiety symptoms 

may help increase our understanding of their respective relations to substance use (Hussong & 

Chassin, 1994): that is, specific types of anxiety may have differential relationships to substance 

use, especially given the wide range of definitions of anxiety and the use of anxiety constructs in 

the literature. For example, symptoms of somatic anxiety and perceived stress were found to 

positively correlate with adolescent substance use (Comeau et al., 2001; Kaplow et al., 2001; 

Bonn-Miller, Zvolensky, & Bernstein, 2007); it is unknown whether different aspects of anxiety 

vary in predictive power.  

Examining several definitions of anxiety within one study may allow for a greater 

understanding of the relative contribution of alternative anxiety constructs to drug use outcomes. 
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The two anxiety conceptualizations this study will examine are consistent with Watson, Clark, and 

Carey’s (1988) definitions of anxiety and include somatic anxiety and perceived stress. Somatic 

anxiety symptoms are defined as level of anxious arousal (i.e., somatic tension and hyperarousal). 

Perceived stress is the degree of the subjective sense of feeling out of control, overwhelmed, and 

unable to cope (Cohen, Kamarck, & Mermelstein, 1983). Perceived stress captures the cognitive 

and subjective nature of interpreting stressful events, no matter how insignificant they might seem 

to outsiders.  

2.3 Theoretical Relationship Between Anxiety and Drug Use 

 The stress-coping (Wills & Shiffman, 1985), self-medication (Khantzian, 1997), tension 

reduction (Greeley & Oei, 1999), and stress-response-dampening (Sher & Levenson, 1982) models 

of substance use are prominent in the adolescent-drug-use literature. These models maintain that 

drugs serve a coping function whereby they help regulate emotion. A common theme across these 

models of substance use is that adolescents with a limited ability to self-regulate emotions choose 

to use drugs as a means for coping with, and controlling, distress and heightened affective states 

(Kassel et al., 2003). Alcohol, for example, has been viewed as addictive because of its tension 

reduction (Cappell & Greeley, 1987) or stress-response-dampening (Sher, 1987) effect. Because 

alcohol’s effects on stress and tension are immediate and often more effective in handling stressful 

events than other, more adaptive, coping responses, alcohol becomes the preferred coping 

mechanism for dealing with heightened levels of anxiety (DiClemente, 2003).  

These models share the common assumption that anxiety leads individuals to use 

substances for the reinforcing effects that result (Morris, Stewart, & Ham, 2005). A variety of 

mechanisms, including neurobiological, cognitive, and psychophysiological mechanisms, could 

explain this potential pathway. Cigarettes, alcohol, and cannabis share the negatively reinforcing 
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anxiolytic, stress-response-dampening properties, which are perhaps particularly comforting to an 

individual suffering from high levels of anxiety. Indeed, there is evidence that adolescents use 

drugs, including alcohol (e.g., Cooper, Frone, Russell, & Mudar, 1995), cannabis (e.g., Schafer & 

Brown, 1991), and tobacco (e.g., Colvin & Mermelstein, 2010), as a way of regulating anxiety. 

Mechanisms have been suggested for a causal relationship between anxiety and substance 

use. Some have argued that elevated levels of anxiety can lead to increases in substance use as a 

form of self-medication (Khantzian, 1997). Another possible explanation for the connection 

between substance use and anxiety is that substance use promotes the onset of anxiety by 

cognitive, psychological, and biological changes or by adding to environmental stressors (Kushner, 

Sher, & Beitman, 1990). Both psychological and neurobiological theories have been developed to 

explain this substance-induced anxiety enhancement model (e.g., Sabourin & Stewart, 2011). 

However, Chilcoat and Breslau (1998) suggest that in at least 75% of cases of comorbidity 

involving substance dependence, the anxiety disorder developed first. An epidemiological study by 

Grant et al. (2004) examined whether anxiety persisted beyond acute withdrawal and showed that 

substance-induced anxiety was rare. These findings suggest that the self-medication theory is more 

consistent than the substance-induced anxiety theory with the epidemiological data on 

comorbidity.  

Another factor to consider is that different stages of drug use (i.e., non-use, initiation, 

regular use) may have different relationships to anxiety. The factors involved in maintaining 

substance use are likely to be different from the factors influencing initiation. Once the relationship 

between anxiety and drug use is created, one may serve to maintain or exacerbate the other. 

Kushner and colleagues (1990) suggest that substance withdrawal experiences lead to heightened 

levels of anxiety and substance-induced disruptions in the stress-response system, furthering the 
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need to use substances. According to this, the reinforcing effects of mitigating anxiety that 

coincide with withdrawal play an important role in the continued use of the substance (Barrett, 

1985). As such, it is possible that general symptoms of anxiety will increase as use increases. It 

could be argued that adolescents do not experience withdrawal symptoms due to, typically, limited 

substance use. However, Stewart and Brown (2006) show evidence of dependence and withdrawal 

symptoms in adolescents across several drug categories. Therefore, it will be important to examine 

adolescent substance use over time to examine how substance use and anxiety change. 

In their conceptual framework, Wills and Shiffman (1985) described the role of appraisal in 

the perception of stress. They suggested that the presence of environmental stressors alone might 

not be enough to create stress in an individual. Distressing events can occur that are beyond 

personal control. These uncontrollable negative events or inescapable stressors often lead to a 

perceived loss of control, perhaps even to a sense of powerlessness, inefficacy, or helplessness 

(e.g., Bandura, 1982; Fleming, Baum, & Singer, 1984). Wills and Shiffman suggested that a 

cognitive appraisal of the environmental stressors causes the stress; substance use can then be 

undertaken to either increase or reduce arousal based on the appraisal process. Newcomb and 

Harlow (1987) found evidence that a perceived loss of control had a direct influence on drug use in 

college-age individuals. Furthermore, there is no single source of influence to explain any single 

drug preference (Chassin, Presson, Sherman, & Edwards, 1991; Schulenberg et al., 2001).  

2.4  Cigarettes, Alcohol, and Cannabis: Similarities and Differences 

In examining the relationship between drug use and anxiety, cigarettes, alcohol, and 

cannabis seem to share some of the same negatively reinforcing anxiolytic, stress-response-

reducing properties. Many drugs share common vulnerabilities such as availability, modeling, 

potentiation, brain mechanisms, cross-tolerance, and peer influences (Comeau et al., 2001; Kaplow 
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et al., 2001; Bonn-Miller, Zvolensky, & Bernstein, 2007). The particular pharmacological effects 

of the various substances studied support this finding. Specifically, the anxiolytic properties of 

nicotine (Kassel et al., 2007; Pomerleau, Turk, & Fertig, 1984), alcohol (Cooper et al., 1995; 

Merikangas et al., 1998), and cannabis (Johnson et al., 2009; Schafer & Brown, 1991) may help 

explain the positive relationship between anxiety and all three substances.  

Despite their common vulnerabilities, each drug also has a unique psychopharmacological 

effect, social environment, and motive for use each drug may have distinctive effects on anxiety. 

For example, Marmorstein, White, Loeber, and Stouthamer-Loeber (2010) found in an adolescent 

sample that while first tobacco use and alcohol use were associated with generalized and social 

anxiety, anxiety did not predict first use of cannabis. Wills, Sandy, Yaeger, Cleary, and Shinar 

(2011) found that the perceived stress of negative life events predicted substance use in a sample 

of adolescents; this has been shown specifically with alcohol and marijuana (e.g., Labouvie, 1986) 

and with cigarette use (Byrne et al., 1993). Overall, it is difficult to compare the effects of different 

drugs on anxiety as most studies that examine the relationship use only a single drug (i.e., 

smoking, drinking, or cannabis use); thus, any comparisons to the etiology of different drug-use 

behaviors must be inferred. 

2.5 Relationships Between Anxiety and Substance Use 

2.5.1 Relationships Between Anxiety and Tobacco Use 

The self-medication model of substance use posits that adolescents who experience higher 

levels of anxiety are at greater risk to initiate smoking and to progress to dependence. Anecdotally, 

virtually all smokers attribute their smoking to its anxiolytic and sedative properties (Frith, 1971; 

Leventhal & Cleary, 1980). Research supports this with findings showing that state and trait 

stressors (Koval, Pederson, Mills, McGrady, & Carvajal, 2000) and perceived stress (Dugan, 
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Lloyd, & Lucas, 1999; Siqueira, Diab, Bodian, & Rolnitzky, 2000) have been found to increase the 

risk for smoking uptake.  

The relationship between anxiety and adolescent smoking seems to be dependent upon the 

stage of smoking being examined. For example, in studies that examined the role of anxiety in the 

onset of smoking, the findings were mixed. Cross-sectional research indicated that adolescents 

with symptoms of anxiety are at higher risk for smoking initiation than asymptomatic adolescents 

(Patton et al., 1996). However, several longitudinal studies found that anxiety disorders do not 

reliably predict the onset of cigarette smoking during adolescence (Costello et al., 1999; Johnson et 

al., 2000; McGee, Williams, & Stanton, 1998; Patton et al., 1998). This may be due to using 

anxiety disorders as the predictor rather than more dynamic and sensitive constructs of anxiety. 

Whereas the relationship between anxiety and smoking onset may be weak, the relationship 

between anxiety and nicotine dependence seems to be more robust (Dierker et al., 2001; Johnson et 

al., 2000). Dierker et al. (2001) found that anxiety disorders did not differentiate smoking 

experimenters from nonsmokers—nor regular smokers from light smokers—but anxiety did 

significantly differentiate light smokers from dependent smokers. 

In several studies young adult and adolescent smokers reported more perceived stress than 

nonsmokers (e.g., Kirkcaldy, Cooper, Brown, & Althanasou, 1994; Naquin & Gilbert, 1996; 

Vollrath, 1998). For example, among the many adolescents who try cigarettes, those who go on to 

become regular smokers are more likely to be stressed (Chassin et al., 1981; Stein, Newcomb & 

Bentler, 1996).  

The mutual-maintenance model seems to be a fitting theoretical model for characterizing 

the negative reinforcing effects of longer-term cigarette use. Studies have demonstrated that when 

a nicotine-dependent smoker abstains from nicotine, there is a predictable and reliable withdrawal 
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period (Hughes & Hatsukami, 1986; Shiffman, 1979). Additionally, the withdrawal symptomology 

comprises several manifestations of anxiety: increases in general anxiety symptoms, tension 

(Hatsukami, Hughes, & Pickens, 1984; Hughes & Hatsukami, 1986), and dysphoria (Hatsukami et 

al., 1984; West, Russell, Jarvis, & Feyerabend, 1984). This suggests that smoking reduces anxiety 

only through nicotine’s ability to relieve withdrawal symptoms (Hughes & Hatsukami, 1986; 

Parrott, 1999) in longer-term smokers.  

2.5.2 Relationships Between Anxiety and Alcohol Use 

The self-medication models suggest that adolescents drink to regulate negative 

emotionality and, thus, individuals with high levels of anxiety are at risk for increased drinking 

(Wills, DaHammel, & Vaccar, 1995). However, the studies that examined the relation between 

anxiety and alcohol use in adolescence provided mixed results. Whereas some studies show that 

anxiety is an important risk factor for alcohol use in adolescence (Colder & Chassin, 1993; 

Kushner, Abrams, & Borchardt, 2000; Newcomb & Harlow, 1986), others conclude that anxiety is 

not related to alcohol use (Biederman, Wilens, Mick, & Faraone, 1997; Hussong, Curran, & 

Chassin, 1998). One study found that anxiety among adolescent boys was a protective factor and 

was associated with lower levels of alcohol-use disorder symptoms and lower risk of alcohol 

dependence by early adulthood (Pardini et al., 2007). Several studies have found that alcohol use 

and anxiety disorders are frequently comorbid (e.g., Kushner et al., 2000) but the directionality of 

this relationship is unclear. This also contributes to the limited conclusions drawn about anxiety 

and alcohol use. 

Several studies found a relationship between anxiety and alcohol use. For example, anxiety 

among 9-to-13-year-olds was associated with increased risk for the initiation of alcohol use 

(Kaplow et al., 2001). Among older youth, anxiety was associated with the progression from first 
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drink to alcohol dependence (Sartor et al., 2006, Colder & Chassin, 1993; Kushner et al., 1999; 

Newcomb & Harlow, 1986). However, many studies did not support the relationship between 

anxiety and substance use. Hill, Shen, Lowers, and Locke (2000) found that general anxiety did 

not predict drinking onset in a high-risk adolescent sample. Poikolainen, Tuulop-Henrikssson, 

Steala, Marttunen, and Lonnqvist (2000) showed that trait anxiety did not predict average alcohol 

intake and heavy drinking 5 years later in young adults in Finland. Perhaps sociocultural 

differences may affect coping styles. (e.g., Clark, Parker, & Lynch, 1999; Swaim, Oetting, 

Edwards, & Beauvais, 1989; Hussong, Curran, & Chassin, 1998). In one study, higher levels of 

anxiety were shown to be a protective factor against alcohol use disorders and alcohol dependence 

(Pardini et al., 2007).  

Given the mixed results, the importance of anxiety as a predictor of alcohol use is opaque. 

One possible reason for these findings may be that many of these studies utilized a wide variety of 

anxiety experiences, including DSM diagnoses, anger, depression, general anxiety, loss of control, 

and meaninglessness, to create a single measure of anxiety. Integrating different types of negative 

emotions into a single construct confounds the ability to determine which specific types of 

symptoms play a critical role in predicting alcohol use at any stage. Alcohol outcomes vary by 

study and add to the mixed literature. For example, Sartor and colleagues (2006) found a 

relationship between anxiety and alcohol dependence while Hill and colleagues (2000) found no 

relationship between anxiety and drinking onset. Another possibility could be the normative and 

social nature of adolescent alcohol use decreases the variability needed to capture the relationship. 

2.5.3 Relationships Between Anxiety and Cannabis Use 

Cannabis users frequently report relief from tension (Hathaway, 2003; Reilly, Didcott, 

Swift, & Hall, 1998) and negative emotions (Schafer & Brown, 1991) as primary reasons for use. 
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Studies have found that certain anxiety symptoms, generally those of somatic origin, are associated 

with greater degrees of current cannabis use among users (e.g., Zvolensky et al., 2006). Anxiety 

symptoms and the associated disorders co-occur with frequent and problematic cannabis use 

(Agosti, Nunes, & Levin, 2002; Bovasso, 2001; Brook, Cohen, & Brook, 1998; Brook, Brook, 

Zhang, Cohen, & Whiteman, 2002; Dannon, Lowengrub, Amiaz, Grunhaus, & Kotler, 2004; 

Grant, 1995; Weller & Halikas, 1985; Zvolensky, Lewinsohn et al., 2008). However, these studies 

did find that in adolescents already using cannabis, anxiety predicted an increase in problems 

associated with cannabis such as chronic bronchitis, risk-taking behavior (e.g., unprotected sexual 

intercourse), and interpersonal impairment. Beyond first use, Zvolensky et al., (2008) found that 

both general and social anxiety predicted the progression from first use to problems related to 

cannabis.  

The social context of substance use may help to explain why particular anxiety variables 

are related to cannabis use. While cannabis has anxiolytic effects, Stewart and colleagues (2011) 

found that cannabis related only to conformity motives. This suggests that cannabis use may only 

be related to a more general anxiety that appears only in social contexts. Buckner and Schmidt 

(2008; 2009) found that social anxiety predicted marijuana use problems. 

Another possible explanation for the above findings is that cannabis use is highly comorbid 

with other substance use, with data indicating that only 1% of users were using only cannabis 

(National Household Survey on Drug Abuse, 1995). As such, it is possible that variance explaining 

anxiety and drug use could be taken up by cigarette and alcohol use.  

2.6 Goals 

The goal of this study is to investigate the complex relationship between the type of 

adolescent substance use (cannabis, alcohol, cigarette use), level of substance use (non-user, 
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regular user), and anxiety (somatic anxiety, perceived stress) over time. This study used 

hierarchical linear modeling to examine the relationship of adolescent cigarette smoking, alcohol 

use, and cannabis use on somatic anxiety and perceived stress over time. We examined a time in 

adolescence when use of substances becomes common and increases. This study had the following 

aims: (1) to examine independent and joint contributions of anxiety and stress in predicting three 

different kinds of adolescent drug use over two years; (2) to investigate how initial levels and 

changes in anxiety and stress over time differ as a function of substance type (cannabis, alcohol, 

cigarette use) and level of use (non-users, regular users). 

2.7 Hypotheses 

Hypotheses were developed based on both theory (the self-medication model of substance 

use) and empirical evidence supporting reciprocal pathways between anxiety and substance use. 

Our guiding framework is that the overall relationship can be parsed into positive associations in 

concurrent level, concurrent change, and type of use (non-users, regular users). Overall, it was 

expected that higher levels of baseline anxiety would predict higher levels of substance use two 

years later.  Specifically, both somatic anxiety and perceived stress would independently predict 

cigarette, cannabis, and alcohol use. 

To understand how substance use affects anxiety over time, we used hierarchical linear 

modeling. We hypothesized that regular users would show the higher levels of baseline anxiety 

than non-users for all substances. Additionally, over a two-year period, regular users will have 

faster decreases in anxiety than non-users.  
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3. METHODS 

3.1 Overview 

Data for this study come from a longitudinal study of smoking among adolescents (“Social-

Emotional Contexts of Adolescent Smoking Patterns”; N = 1263). The longitudinal study utilized a 

multi-method approach to assess many components of adolescent smoking at multiple time points 

from baseline through a 7-year follow-up. All adolescents completed extensive self-report 

questionnaires and in-depth interviews at each measurement wave, and subsets of adolescents 

completed ecological momentary assessments, video-taped family discussions, and laboratory-

based psychophysiological assessments. Data for the current study are from baseline, 6-, 15-, and 

24-month self-report questionnaires only. 

3.2 Participants 

 Participants were recruited from 16 Chicago-area high schools. The sample was derived in 

a multi-stage process. All 9
th

 and 10
th

 graders at the schools were asked to complete a brief 

screening survey. Invitations were mailed to eligible students and their parents. Students were 

eligible to participate in the longitudinal study if they fell into one of four levels of smoking 

experience: 1) never smokers; 2) former experimenters (smoked at least one cigarette in the past, 

have not smoked in the last 90 days, and have smoked fewer than 100 cigarettes in their lifetime); 

3) current experimenters (smoked in the past 90 days, have smoked between 20 and 99 cigarettes 

in their lifetime, but were not yet daily smokers); and 4) regular smokers (smoked in the past 30 

days and have smoked more than 100 cigarettes in their lifetime, but smoked 5 or less cigarettes 

per day). Of the participants screened, 11,718 (90.3%) met inclusion criteria for the larger parent 

study based on smoking history and patterns, and 3,695 of these (31.5%) were invited to 

participate in the longitudinal study. Of those who were invited, 1,344 were willing to participate, 
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and 1,263 completed the baseline measurement wave. Agreement to participate did not vary by 

smoking history, race/ethnicity, or parental smoking, but girls were slightly more likely to agree to 

participate than boys. The participants were enrolled into the longitudinal study after written 

parental consent and participant assent was obtained.  

Approximately half of the participants in the current study were female (56.6%; n = 715); 

50.7% were in 9
th

 grade at baseline (n = 640) and 49.3% were in 10
th

 grade at baseline (n = 623). 

At baseline, participants ranged in age from 14 years to 17 years (M = 15.7, SD = 0.62). In terms 

of race/ethnicity, participants were Caucasian (n = 713, 56.5%), Hispanic (n = 217, 17.2%), 

African-American (n = 214, 16.9%), Asian/Pacific Islander (n = 50, 2%), or Other (n = 69, 5.5%). 

3.3 Procedures 

 “Paper and pencil” questionnaires were mailed to the participants a few weeks prior to each 

data collection wave. Participants were instructed to complete the questionnaires and send them 

back. Participants received a payment of $20 for each completed questionnaire (at baseline, 6-, 15 

months and $40 at 24 months) that was returned at each time point.  

3.4 Measures 

3.4.1 Current Cigarette Smoking Behavior Current smoking behavior was assessed 

with number of days smoked in the past 30 days and number of cigarettes smoked during the past 

30 days. Sample questions included, “Think about the past 30 days. On the days you smoked 

cigarettes, about how many cigarettes did you smoke each day?” and “Now think about the past 30 

days. On how many days did you smoke or try cigarettes?” (see Appendix A). 

3.4.2 Current Alcohol and Cannabis Use Current alcohol and drug involvement was 

assessed using a modified version of the Adolescent Alcohol and Drug Involvement Scale 

(AADIS; Moberg, 2000). Participants were asked about the frequency of their use of alcohol and 
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eight other drug categories (e.g., cannabis, cocaine, steroids) over the past 3 months with response 

options of: 0 times; once a month or less; more than once a month but less than once a week; one 

or more times a week but not every day; and every day. For the current study, only alcohol and 

cannabis use were used (see Appendix B). 

3.4.3 Substance Use Categories Adolescent cannabis and alcohol use categories (non-

users and regular users) were created using the AADIS and about the frequency of their use over 

the past 3 months with response options of: 0 times; once a month or less; more than once a month 

but less than once a week; one or more times a week but not every day; and every day (see 

Appendix B). Cigarette categories were created using the number of cigarettes smoked during the 

past 30 days (see Appendix A). For each substance, the categories created were non-users (did not 

endorse using at any point in our study) and regular users (endorsed using at every time-point). 

3.4.4 Somatic Anxiety Symptoms Adolescent somatic anxiety was assessed with 7 items 

from the Mood and Anxiety Symptom Questionnaire (MASQ; Watson & Clark, 1991; Watson, 

Weber, Assenheimer, Clark, Strauss, & McCormick, 1995) that represent somatic arousal. 

Research supports the reliability and validity of the MASQ with youth (Richey, Lonigan, & 

Phillips, 2002). The MASQ is a 12-item measure that contains three subscales assessing: (1) 

general distress symptoms of anxiety (e.g., “feeling nervous”); (2) anxious arousal, with items 

addressing specific anxiety symptoms of somatic tension and hyperarousal (e.g., “feeling dizzy or 

lightheaded”; “muscles were tense or sore”); and (3) anhedonic depression symptoms specific to 

depressive disorders (e.g., “was proud of myself”). However, the anhedonic aspect of the MASQ is 

more representative of general negative emotionality than anxiety. This was confirmed using 

principal component analysis with Varimax (orthogonal) rotation where anhedonic symptoms 

loaded cleanly onto a second factor. Given this, anhedonic symptoms were removed for the current 
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study. Adolescents rated the extent to which they had experienced each symptom in the past week 

according to a 5-point Likert-type scale, ranging from 1 (not at all) to 5 (extremely). The anxious 

arousal questions were summed to yield a scale score, with strong internal reliability in the current 

sample (coefficient alpha = .80; see Appendix C).  

3.4.5 Perceived Stress Perceived stress, including the degree of subjective stress and the 

impact of stressful situations in an adolescent’s life, was measured with the four-item version of 

the Perceived Stress Scale (PSS; Cohen et al., 1983); coefficient alpha = .66. The PSS items are 

rated on a 5-point scale according to the frequency of occurrence in the previous month, from 1 

(never) to 5 (very often). Substantial internal reliability, test-retest reliability, and validity have 

been documented for the original, 14-item measure as well as the 4-item version of the PSS 

(Cohen, Kamarck, & Mermelstein, 1983). Examples include: “In the last month how often have 

you felt difficulties were piling up so high that you could not overcome them” and “In the last 

month how often have you felt that you were unable to control the important things in your life?” 

Internal reliability among the current sample was strong (coefficient alpha = .66; see Appendix E).  

3.4.6 Demographics Demographic information included gender, age, and race/ethnicity. 
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4.  RESULTS 

4.1       Analytic Approach 

 Regression analyses were used to examine how somatic anxiety and perceived stress 

predict adolescent cigarette, alcohol, and cannabis use two years later. For each substance, three 

regressions were run. First, we ran regressions to examine somatic anxiety and perceived stress as 

independent predictors of substance use. we ran a third regression with both somatic anxiety and 

perceived stress together as predictors of substance use. All regression controlled for gender. 

Multilevel models, or mixed effects models, for predicting change were used to investigate 

the effect of substance use categories (non-user, user) on anxiety variables over time for each 

substance. Ordinary regression models are limited because they can only assess the influence of 

anxiety on substance use for the sampled population as a whole. As such, very little information 

can be derived about individual variability for these constructs over time. Mixed Regression 

Models, in contrast, explicitly model individual change over time and also possess several features 

that add flexibility to the model. This study employed a series of hierarchical linear regression 

models to determine the unique anxiety trajectories by substance use categories. Models were 

estimated using PROC MIXED in the Statistical Analysis System (SAS) version 9.2. Full 

information maximum likelihood estimation (ML) was used to compare directly the fit of models 

to the data and to use all available data, given the presence of missing observations, which were 

treating as missing at random (Singer & Willett, 1994). Briefly, models include: (1) baseline 

intercept; (2) a linear slope; and (3) interaction of slope terms plus substance use categories. 

Models were independently created for each substance and for each anxiety outcome variable 

resulting in six models. 
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 These analyses resulted in models in which effects of each group (non-user, regular user) 

reflected a significantly different influence on the initial level of the anxiety. Non-significant 

results indicate that the baseline level of anxiety is the same for each group. The main effect for 

time on the dependent variable represents the average linear change of anxiety over the course of 2 

years. Non-significant results would indicate that anxiety, on average, does not change over time. 

The interaction effects of the predictor (non-user, regular user) with the slope terms (time) indicate 

how the non-user group’s change in anxiety over time (slope) in relation to the regular user 

group’s change in anxiety over time. In models of this type, if the association between these 

problems change at the same rate as a function of group (parallel lines), that would be indicated by 

a non-significant interaction between the independent variable (substance use category) and the 

terms in the equation that represented slope (time). In contrast, a significant interaction between 

the independent variable and slope terms would indicate that the effects of the predictor groups 

have different linear slopes. The intercepts and slopes are estimated independently, so while earlier 

levels of the dependant variable are not statistically “controlled for” the estimate of initial values is 

separated from the estimate of change over time.  

4.2       Compliance and Attrition 

 Of the 1263 adolescents who provided questionnaire data, 101 (8.0%) did not complete the 

questionnaire at 6 months, 135 participants (10.7%) did not complete the questionnaire at 15 

months, and 116 participants (9.2%) did not complete the questionnaire at 24 months. There were 

no significant differences between 6-, 15-, or 24-month questionnaire completers and non-

completers on any of the baseline anxiety variables. 

 Individuals who did not complete the 6-month questionnaire smoked cigarettes on more 

days in the past 30 days (M = 5.32, SD = 8.61) than individuals who completed the questionnaire 
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(M = 3.73, SD = 7.61; t = -2.00, df = 1260, p < .05). Individuals who did not complete the 15-

month questionnaire smoked cigarettes on more days (M = 5.24, SD = 8.96) and smoked more 

cigarettes in the past 30 days (M = 1.21, SD = 2.73) than individuals who completed the 

questionnaire (M = 3.69, SD = 7.52; t = -2.23, df = 1260, p < .001; M = 0.86, SD = -1.99; t = -

1.99, df = 1261, p < .01). Individuals who did not complete the 24-month questionnaire smoked 

cigarettes on more days (M = 5.79, SD = 9.18) and smoked more cigarettes in the past 30 days (M 

= 1.37, SD = 2.90) than individuals who completed the questionnaire (M = 3.67, SD = 7.51; t = -

2.86, df = 1260, p < .001; M = 0.84, SD = 1.85; t = -2.79, df = 1261, p < .001).  

 Additionally, there were differences in baseline alcohol use in the past 3 months between 6- 

and 15-month completers and non-completers
2 

(1, N = 1263) = 12.97, p < .05; 
2 

(1, N = 1263) 

= 10.52, p < .05). There were also differences in baseline cannabis use in the past 3 months 

between 15-month completers and non-completers
2 

(1, N = 1263) = 12.96, p < .05). Finally, 

girls were more likely to complete the 15- and 24-month questionnaire than boys
2 

(1, N = 1263) 

= 4.41, p < .05; 
2 

(1, N = 1263) = 6.20, p < .05). 

4.3       Preliminary Analyses 

Table 1 presents the means and standard deviations for the continuous variables over time. 

Table 2 presents the means and standard deviations for the anxiety variables over time as a 

function of substance use and substance use categories (non-users and regular users). T-tests were 

used to compare differences in anxiety between non-users and users at each time point. Table 3 

shows the proportions of reported categories for both alcohol and marijuana use over time. 

Bivariate correlations among the continuous variables are shown in Table 4. 
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TABLE I 

MEANS AND STANDARD DEVIATIONS OF VARIABLES FOR THE TOTAL SAMPLE OVER TIME 

          Baseline                            6 Months                             15 Months                       24 Months 

    Variables              N         M       SD        N        M          SD              N     M         SD            N          M         SD
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Somatic Anxiety 1262 14.61 (5.16)  1159 14.13 (5.41)  1113 13.26 (5.03)  1137 12.73 (4.71) 

Perceived Stress 1262 2.67 (0.75)  1157 2.55 (0.78)  1114 2.48 (0.79)  1140 2.51 (0.76) 

Days Smoked 1262 3.85 (7.70)  1156 4.42 (8.48)  1117 5.57 (9.98)  1140 6.49 (10.64) 

Cigs per Day 1263 0.89 (1.97)  1161 1.29 (2.73)  1124 1.54 (3.42)  1141 1.60 (3.33) 
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TABLE II 

MEANS AND STANDARD DEVIATIONS OF ANXIETY VARIABLES FOR THE USERS AND NON-USERS OVER TIME BY 

SUBSTANCE USE CATEGORY 

                                               Baseline                                       6 Months                    15 Months                                     24 Months  

    Non-Use/ User       Non-User          User                         Non-User          User                       Non-User             User                      Non-User           User  
 
           n         n            M   SD           M   SD 

        
                 M   SD            M   SD

    
                    M   SD             M   SD

       
                 M   SD            M   SD

   

Note.  * p<.05; ** p<.01; *** p<.001. 

 

Cannabis Use   

Somatic Anxiety 330 283 13.96 (0.30) 15.52 (0.35) ** 13.09 (0.29) 15.06 (0.34) *** 12.44 (0.26) 13.91 (0.31) *** 12.52 (0.26) 12.88 (0.31)  

Perceived Stress 330 283 2.61 (0.04) 2.76 (0.05) * 2.46 (0.05) 2.63 (0.05) * 2.39 (0.04) 2.64 (0.05) *** 2.43 (0.04) 2.58 (0.05) * 

 

Alcohol Use  

       
       

Somatic Anxiety 100 660 13.47 (0.55) 14.98 (0.22) * 12.85 (0.59) 14.65 (0.24) ** 11.99 (0.54) 13.72 (0.22) ** 12.01 (0.51) 12.88 (0.20) * 

Perceived Stress 100 660 2.56 (0.08) 2.66 (0.03)  2.46 (0.08) 2.56 (0.03)  2.30 (0.08) 2.54 (0.03) ** 2.37 (0.08) 2.52 (0.03  

               

Cigarette Use                

Somatic Anxiety 365 287 13.97 (0.26) 15.18 (0.34) ** 13.08 (0.26) 14.71 (0.34) *** 12.60 (0.26) 13.79 (0.34) ** 12.64 (0.24) 12.67 (0.32)  

Perceived Stress 365 287 2.60 (0.04) 2.73 (0.05) * 2.49 (0.04) 2.65 (0.05) ** 2.40 (0.04) 2.60 (0.05) ** 2.44 (0.04) 2.63 (0.06) * 
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TABLE III 

PROPORTIONS OF REPORTING CATEOGIRES FOR ALCOHOL AND MARIJUANA USE 

ACROSS TIME 

                       Baseline        6 Months    15 Months     24 Months 

          Variables         n = 1262        n = 1159      n = 1113       n = 1137 

 

 

 

 

TABLE IV 

INTERCORRELATIONS BETWEEN BASELINE CONTINOUS VARIABLES (N = 1263) 

Variables    1.     2.     3.     4.     5. 

1. Somatic Anxiety ---     

2. Perceived Stress .47*** ---    

3. Days Smoked .09** .10*** ---   

4. Cigs per Day .12 *** .09*** .75*** ---  

5. Cannabis Use .03 .08** .41*** .38*** --- 

6. Alcohol Use .13*** .05 .25*** .27*** .44*** 

Note. * p<.05; ** p<.01; *** p<.001.   

 

 

 

 

 

 

Alcohol          

0 times .27  .28  .27  .25   

1x per month .33  .30  .25  .24   

< 1x per month .28  .28  .31  .29   

< 1x per week .12  .13  .17  .22   

Every Day .001  .003  .004  .002   

          

Cannabis          

0 times .62  .61  .57  .52   

1x per month .17  .16  .17  .17   

< 1x per month .10  .09  .10  .11   

< 1x per week .08  .10  .11  .12   

Every Day .03  .04  .06  .08   
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Substance use groups (non-users, regular users) were examined to confirm differences in 

actual substance use at each time point, for each substance. Of the 613 adolescents used in the 

cannabis groups, 283 adolescents (46%) smoked cannabis at each time point and were in the 

regular groups while 330 adolescents (54%) did not use at all. Of the 760 adolescents in the 

alcohol analyses, 660 adolescents (87%) drank alcohol at each time point while only 100 

adolescents did not drink at any of the time points (13%). Of the 652 adolescents in the cigarette 

analyses, 287 adolescents smoked cigarettes at each time point (44%) and 365 adolescents did not 

smoke at any time point (56%).  

To explore the cross-use between substances, chi-squared analyses were run examining the 

differences between users and non-users for each substance. Of the adolescents who did not smoke 

cannabis, 46% (n = 76) did not drink, while 54% (n = 76) drank at each time point. However, 

adolescents who did smoke cannabis regularly only 1% (n = 2) did not drink while 99% (n = 245) 

drank regularly 
2 

(1, N = 411) = 160.96 p < .001). Of the adolescents who did not smoke 

cannabis, 91% (n = 212) did not smoke cigarettes, while 9% (n = 20) smoked cigarettes at each 

time point. Adolescents who did smoke cannabis regularly only 7% (n = 11) did not smoke 

cigarettes as well, while 93% (n = 
2 

(1, N = 383) = 265.93 p < 

.001). Of the adolescents who did not smoke cigarettes, 41% (n = 65) did not drink alcohol, while 

59% (n = 95) drank alcohol at each time point. Adolescents who did smoke cigarettes regularly 

only 2% (n = 5) did not drink as well, while 98% (n = 
2 

(1, N = 382) = 

91.48 p < .001). Finally, 125 adolescents smoked cigarettes, cannabis, and drank alcohol at each 

time point, while 62 adolescents did not use any drugs at any time point. 

T-tests were run for each substance at each time point. Results showed the regular users 

used more substances at all 4 time points (p < .001 for all analyses) for cigarette, alcohol, and 



 

 

31 

cannabis use. Each of the non-using groups showed no use at each of the time points. Adolescents 

who smoked cannabis at every time point showed a baseline mean of 3.10 (SD = 1.00), 6-month 

mean of 3.39 (SD = 1.06), 15-month mean of 3.31 (SD = 1.32), and 24-month mean of 3.69 (SD = 

1.12). Adolescents who drank alcohol at every time point showed a baseline mean of 2.83 (SD = 

0.76), 6-month mean of 2.90 (SD = 0.76), 15-month mean of 3.05 (SD = 0.76), and 24-month 

mean of 3.10 (SD = 0.78). Adolescents who smoked cigarettes at every time point showed a 

baseline mean of 2.52 (SD = 3.11), 6-month mean of 3.80 (SD = 4.18), 15-month mean of 4.94 

(SD = 5.15), and 24-month mean of 4.93 (SD = 4.67). 

T-tests were run to examine age differences between regular users and non-users for each 

substance. Adolescents who smoked cannabis regularly were slightly older at baseline (M = 15.71, 

SD = 0.61) than non-users (M =15.55, SD = 0.59; t = -3.11, df = 611, p < .01). Adolescents who 

drank alcohol regularly were slightly older at baseline (M = 15.67, SD = 0.62) than non-users (M 

=15.52, SD = 0.59; t = -2.24, df = 759, p < .05). Adolescents who smoked cigarettes regularly 

were slightly older at baseline (M = 15.70, SD = 0.64) than non-users (M =15.56, SD = 0.61; t = -

2.96, df = 651, p < .01). 

Chi-square tests were used to explore differences in gender between users and non-users 

for each substance. For adolescents who smoked cannabis regularly 53% (n = 149) were girls and 

47%  (n = 134) were boys; however, for adolescents who did not smoke cannabis at all 65% (n = 

213) were girls and 35% (n = 117) were boys
2 

(1, N = 613) = 8.92, p < .01). There were no 

differences between girls (52%; n = 149) and boys (48%; n = 139) who smoked cigarettes 

regularly or girls (59%; n = 214) and boys (41%; n = 151) who did not smoke cigarettes at all 
2 

(1, N = 653) = 3.10, ns). There were also no differences in the percentage of girls (56%; n = 371) 
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and boys (44%; n = 290) who drank regularly or girls (47%; n = 47) and boys (53%; n = 53) who 

did not drink at all 
2 

(1, N = 760) = 2.92, ns). 

4.4       Anxiety Variables Predicting Substance Use 

To examine the relationship between baseline anxieties predicting substance use 24-months 

later we used a series of regressions analyses. For each substance use outcome (cigarette use, 

cannabis use, and alcohol use) three regressions were run 1) using somatic anxiety as an 

independent predictor; 2) using perceived stress as an independent predictor; and 3) using both 

somatic anxiety and perceived stress together. All substance use was used as continuous outcomes. 

Cannabis and alcohol use were used as continuous outcomes since there are many categories, a 

large sample size, and are ordinal variables that represents unmeasured continuous variables 

(Winship & Mare, 1984). All analyses controlled for gender.  

As hypothesized, higher levels of perceived stress and somatic anxiety independently 

predicted a greater number of cigarettes per day and number of days smoked in the last month (see 

Table 5). However, contrary to hypotheses, when both anxiety predictors were used together, only 

perceived stress predicted future cigarette use. In all analyses, gender was significant such that 

boys showed higher levels of cigarette use than girls. 

Similar results were shown in cannabis use where higher levels of perceived stress and 

somatic anxiety independently predicted future cannabis use (see Table 6). When both anxiety 

predictors were used together, again, only perceived stress predicted future cannabis use. Gender 

was significant in all analyses such that boys showed higher levels of cannabis use than girls. 

Interestingly, neither perceived stress nor somatic anxiety independently or together predicted 

alcohol use (see Table 7).  
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TABLE V 

BASELINE ANXIETY ON 24-MONTH CIGARETTE USE (N = 1137) 

  Number of Cigarettes per day              β            SE             t              p       

 

  Number of Days Smoked last Month             β            SE             t              p 

 

TABLE VI 

BASELINE ANXIETY ON 24-MONTH CANNABIS USE (N = 1137) 

   Cannabis Use                             β            SE             t              p       

 

Gender  0.14 0.20 4.45 0.001 *** 

Perceived Stress  0.10 0.13 3.13 0.002 ** 

       

Gender  0.12 0.20 2.12 0.034 * 

Somatic Anxiety  0.06 0.20 4.11 0.001 *** 

       

Gender  0.14 0.20 4.50 0.001 *** 

Somatic Anxiety  0.03 0.02 0.81 0.42  

Perceived Stress  0.08 0.15 2.43 0.015 * 

Gender  0.11 0.65 3.69 0.001 *** 

Perceived Stress  0.11 0.43 3.55 0.001 *** 

       

Gender  0.10 0.64 3.28 0.001 *** 

Somatic Anxiety  0.07 0.06 2.43 0.015 * 

       

Gender  0.11 0.65 3.75 0.001 *** 

Somatic Anxiety  0.03 0.07 0.95 0.34  

Perceived Stress  0.09 0.48 2.75 0.006 ** 

Gender  0.16 0.83 5.44 0.001 *** 

Perceived Stress  0.09 0.06 3.07 0.002 ** 

       

Gender  0.15 0.08 5.13 0.001 *** 

Somatic Anxiety  0.06 0.01 2.17 0.03 * 

       

Gender  0.17 0.08 5.49 0.001 *** 

Somatic Anxiety  0.03 0.01 0.89 0.37  

Perceived Stress  0.08 0.06 2.35 0.02 * 



 

 

34 

 

 

 

 

TABLE VII 

BASELINE ANXIETY ON 24-MONTH ALCOHOL USE (N = 1137) 

  Alcohol Use                 β            SE             t              p       

 

 

 

 

 

 

 

 

 

 

4.5      The Influences of Drug Use on Anxiety Across Time 

Parameter estimates, standard errors, and fit statistics for all models predicting anxiety over 

time are presented in Table 8. Separate models were estimated using somatic anxiety and 

perceived stress as the dependent variable and substance use as the grouping category (non-user, 

regular users). These analyses result in models in which the differences of each substance use 

category reflect the difference between groups on the initial level of anxiety. An effect for time 

indicates that, on average, everyone changes in anxiety symptoms over time. Interaction effects of 

the substance use categories with the slope terms (time) indicate how anxiety changes at different 

rates over time depending upon the level of substance use.  

Gender  0.05 0.07 1.77 0.08  

Perceived Stress  -0.02 0.04 -0.68 0.50  

       

Gender  0.06 0.07 1.99 0.05 * 

Somatic Anxiety  0.00 0.01 0.13 0.90  

       

Gender  0.06 0.07 1.80 0.07  

Somatic Anxiety  0.02 0.01 0.49 0.63  

Perceived Stress  -0.03 0.05 -0.82 0.41  
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TABLE XIII 

PARAMETER ESTIMATES AND STANDR ERRORS FROM THE MIXED-EFFECTS 

REGRESSION MODELS OF SUBSTANCE USE CATEGORIES ON ANXIETY 

  

                                Somatic Anxiety                           Perceived Stress 

                         Estimate                SE                     Estimate                SE
 

 

 

 

4.6       Cannabis Use and Somatic Anxiety 

There was a main effect for time on somatic anxiety such that anxiety decreased for 

everyone sampled. Cannabis use categories showed a main effect for differences between 

categories (see Figure 1). Results showed that non-users had lower levels of somatic anxiety than 

cannabis regular users at baseline. The interaction of time and substance use categories showed 

Cigarettes             

Intercept 15.1117***  0.2567  2.7000***  0.0405    

Time -0.1075***  0.0128  -0.0059**  0.0021    

Non-User VS User -1.4148***  0.3412  -0.1423**  0.0539    

Time X Non-User VS User 0.0545**  0.0166  -0.0010  0.0027    

-2LL 14285.40    5217.70      

           

Alcohol            

Intercept 14.9633***  0.1742  2.6286***  0.0260    

Time -0.0878***  0.0085  -0.0055**  0.0013    

Non-User VS User -1.5614**  0.4790  -0.0817  0.0715    

Time X Non-User VS User 0.0176  0.0228  -0.0032  0.0034    

-2LL 16403.00    5759.30      

           

Cannabis            

Intercept 15.3575***  0.2565  2.7114***  0.0401    

Time -0.1036***  0.0130  -.0062**  0.0021    

Non-User VS User   -1.6269***  0.3484  -0.1452**  0.0544    

Time X Non-User VS User 0.04197*  0.0173  -0.0007  0.0027    

-2LL 13413.30    4814.90 
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that anxiety decreased at different rates depending upon the substance use group where showed 

non-users declined slower in anxiety over time than cannabis regular users.  

4.7       Cannabis Use and Perceived Stress 

In terms of perceived stress, there was a main effect for time on perceived stress such that 

stress decreased for everyone sampled (see Figure 1). Cannabis use categories showed differences 

between categories. Specifically, similar patterns to somatic anxiety were found where non-users 

showed lower levels of baseline stress than cannabis regular users. The interaction of time and 

substance use categories was not significant. This indicates that perceived stress decreases at the 

same rate regardless of the cannabis use category. However, it is important to note that while 

statistically significant, the estimates for baseline differences and changes over time are minimal. 

This suggests the clinical significance of these differences between regular users and non-users and 

the changes over time are negligible. 

 

 

 

 

 
Figure 1. Somatic anxiety and perceived stress over time as a function of cannabis use categories. 
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4.8        Cigarette Use and Somatic Anxiety 

There was a main effect for time on somatic anxiety such that anxiety decreased for 

everyone sampled (see Figure 2). Cigarette smoking categories showed differences between 

categories where non-users experienced lower levels of somatic anxiety than cigarette regular 

users at baseline. The interaction of time and cigarette smoking categories showed that anxiety 

decreased at different rates depending upon the substance use group. Results indicate that non-

users’ anxiety decreased at slower rates than regular cigarette smokers. 

4.9       Cigarette Use and Perceived Stress 

In terms of perceived stress, there was a main effect for time on perceived stress such that 

stress decreased for everyone sampled (see Figure 2). Cigarette use categories demonstrated a 

main effect for differences between categories at baseline. Specifically, non-users exhibited lower 

levels of stress than cigarette regular users at baseline. Contrary to hypotheses, the interaction of 

time and substance use categories was not significant. This indicates that perceived stress 

decreases at the same rate regardless of cigarette use category. As seen with cannabis use and 

perceived stress, the estimates for baseline differences and changes over time are minimal. 
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Figure 2. Somatic anxiety and perceived stress over time as a function of cigarette use categories. 

 

 

 

 

 

4.10     Alcohol Use and Somatic Anxiety 

There was a main effect for time on somatic anxiety such that anxiety decreased for 

everyone sampled (see Figure 3). Alcohol use categories demonstrated differences between 

categories where non-users had lower levels of baseline anxiety than regular alcohol drinkers. The 

interaction of time and substance use categories was not significant demonstrating that anxiety 

decreased at the same rates regardless of the substance use group.  

4.11      Alcohol Use and Perceived Stress 

There was a main effect for time on perceived stress such that stress decreased for everyone 

sampled (see Figure 3). However, there were no differences by alcohol use groups for baseline 

stress such that all groups had the same levels of baseline perceived stress. Additionally, there 

were no differences between groups in the change of stress over time. Thus, both groups are 

decreasing in perceived stress at the same rate, regardless of level of alcohol use. Similar patterns 
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emerged with alcohol and perceived stress where the estimates for baseline differences and 

changes over time are minimal. 

 

 

 

 

  
Figure 3. Somatic anxiety and perceived stress over time as a function of alcohol use categories. 
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5. DISCUSSION 

This study examined the complex relationships between several types of anxiety and 

cannabis, alcohol, and cigarette use in an adolescent population during a developmentally 

vulnerable period. Specifically, this study examined whether perceived stress and somatic anxiety 

predicted alcohol, cigarette, and cannabis use two years later. We also examined how perceived 

stress and somatic anxiety changed over time as a function of substance use type (alcohol, 

cigarette, and cannabis) and level of substance use group (non-user, regular user). Although 

previous research has shown that adolescents may use drugs in part to regulate anxiety, we know 

less about the impact of anxiety type, drug type, or level of drug use in a single cohort over time. 

This study went beyond prior research by examining the multifaceted components of anxiety and 

drug use in an adolescent population. We employed a continuous measure of anxiety, as well as a 

cognitive perception of stress, to develop a broader understanding of the role of anxiety in 

substance use. We used multiple substances from a single cohort, maximizing cross study and 

cross cohort inferences. Using a longitudinal model, we followed the adolescents over a 

developmentally vulnerable period for anxiety and substance use. Finally, we predicted that an 

adolescent’s anxiety changes at different rates depending upon level of substance use; specifically, 

we hypothesized that regular users who used at each time point will decrease their anxiety at a 

faster rate than non-users. 

The first goal of the study was to examine whether perceived stress and somatic anxiety 

predicted alcohol, cigarette, and cannabis use two years later. As hypothesized, findings confirmed 

that both somatic anxiety and perceived stress independently predicted cannabis and cigarette use. 

These findings are consistent within the literature. Zvolensky et al. (2006) found that somatic 

anxiety predicted cannabis use, and Hughes and Hatsikami (1986) found that somatic anxiety 
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predicted cigarette smoking. Dugan et al., (1999) and Siqueira et al. (2000) found that perceived 

stress predicted cigarette smoking. Our findings initially suggest that anxiety as a broad concept 

may be generalizable and not broken down into facets of anxiety such as anxious physiological 

arousal or the degree of subjective stress perceived. However, going beyond previous research, 

only perceived stress predicted cannabis and cigarette use when both somatic anxiety and 

perceived stress were examined together. This is consistent with Hussong and Chassin’s (1994) 

suggestion that facets of anxiety have different relationships to the effects of substances.  

These findings suggest that cannabis and cigarette use are attributable, in part, to a common 

vulnerability through perceived anxiety. One possibility is that the particular anxiolytic properties 

of nicotine (Kassel et al., 2007; Pomerleau et al., 1984) and cannabis (Johnson, Bonn-Miller, 

Leyro, & Zvolensky, 2009; Schafer & Brown, 1991) are similar enough and may help explain the 

shared relationship we found. Another possibility is that nicotine and cannabis use are connected to 

other common vulnerabilities such as availability, modeling, potentiation, brain mechanisms, 

cross-tolerance, or peer influences (Comeau, Stewart, & Loba, 2001; Kaplow et al., 2001; Bonn-

Miller et al., 2007) that interact with perceived anxiety in similar patterns. Future research can 

further explore these relationships. 

The perception of stress in an adolescent’s life that leads to cigarette and cannabis use has 

important implications for prevention and intervention programs. This finding suggests that not all 

anxiety predicts substance use, but rather it is the perception of stress in an adolescent’s life that 

drives future cannabis and cigarette use. Shifting an adolescent’s perception of stress or increasing 

his or her coping skills for handing stress may reduce the need to regulate the stress with cigarettes 

and cannabis. Since perceived stress predicted both cannabis use and cigarette use, the implication 
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of this on interventions suggests that both cannabis use and cigarette use may also decrease 

through the same intervention.  

Contrary to hypotheses neither somatic anxiety nor perceived stress predicted alcohol use 

two years later. One possibility is that the specific constructs of anxiety that we used do not 

correlate with alcohol use; that is, perhaps only anxiety disorders such as generalized anxiety 

disorder (Kushner et al., 2000; Sartor et al., 2007) predict future alcohol use. Another possibility 

explaining the mixed results on alcohol use could be the limits of the alcohol use variables. It is 

possible that the number of drinks or number of days drinking is not related to anxiety, but 

consequences of drinking, such as getting into trouble, heavy regular drinking, binge drinking, 

blacking out, or alcohol dependence, may be.  

Another explanation of the lack of findings between alcohol and anxiety may be because 

our study is comprised of a high-risk sample of adolescents. Thus, the relationships found with 

anxiety with a more normative sample may not apply here where alcohol use is so prevalent. This 

idea is supported in our study, as only 7.9% (n = 100) of participants in the current study never 

used alcohol. Given the normative nature of drinking in our study, moderators can help identify 

sub-groups of adolescents whose drinking is affected by anxiety. This idea is further supported in 

the literature where Hussong and Chassin (1994) showed that moderators are needed to understand 

alcohol use and anxiety in adolescence. They found that impulsivity was an important moderator to 

adolescent drinking in that individuals who were anxious and impulsive were more likely to drink 

than individuals who were anxious and not impulsive. This is another avenue to explore with 

future studies. 

Our study examined how perceived stress and somatic anxiety changed over time as a 

function of substance use type (alcohol, cigarette, cannabis) and amount of substance use category 
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(non-user, regular user). Results were complex and varied depending upon substance use type, 

level of substance use category, and type of anxiety examined. Overall, results showed that for all 

adolescents, both somatic anxiety and perceived stress statistically decreased over time. This 

suggests a developmental and dynamic aspect of anxiety and further suggests that early 

adolescence is a uniquely vulnerable time to learn coping strategies for higher levels anxiety. 

However, when examining the effect sizes and estimated change in perceived stress over time, it is 

unclear how clinically relevant these changes are. As such, the decrease in anxiety over a two-year 

period in a high-risk adolescent population is most likely applicable only to the changes in the 

bodily sensations of anxiety and not applicable to the perception of stress in an adolescent’s life. 

Adolescents who smoked cigarettes, marijuana, or drank alcohol regularly over a two-year 

period exhibited higher levels of baseline somatic anxiety than non-users. This suggests a common 

pattern found in using any of the three substances with the heightened bodily sensations of anxiety. 

Similar to the changes over time and perceived stress, results showed statistical differences in 

baseline level of perceived stress for cannabis users and cigarette users (but not alcohol use) when 

compared to non-users; however, the estimated differences are minimal suggesting nominal 

clinical significance. Taken together, this suggests that individuals who are regularly using any 

substance do not have clinically significant differences in how they perceive stress than individuals 

who are not using substances at all.  

Contrary to the self-medication model and hypotheses, there were no differences in how 

perceived stress decreased as a function of level of use for any of the drugs examined. This 

suggests that level of substance use does not influence the perception of stress an adolescent 

experiences, nor do substances particularly help the adolescent decrease his or her perception of 

stress over time: Using substances is not an effective coping skill for decreasing feelings of stress 
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or lack of control. Taken together, this suggests that the appraisal of stress and the perceived loss 

of control, inefficacy, or helplessness may be quite steady over adolescence and is not affected by 

alcohol, cannabis, or cigarette use. However, another possibility is that the relationship between 

regular substance use and perceived stress are confounded with all the other reasons for regular 

substance use, such as social motives, risk taking, expectancies, family factors, and genetics to 

name a few. 

Somatic anxiety has a markedly different relationship to cannabis and cigarette use 

compared to alcohol use. The bodily sensation of anxiety is heightened at baseline for adolescents 

who are smoking cigarettes or cannabis. Additionally, somatic anxiety decreases over time at a 

faster rate for individuals who are smoking cigarettes and cannabis, indicating that the anxiolytic 

effects of cannabis and cigarettes are effective at regulating some aspects of anxiety. Given that 

cigarettes and cannabis’ anxiolytic effects on physical stress and tension are immediate, they may 

be more effective in handling stressful events than other, more adaptive coping responses. Thus, 

these drugs become the preferred coping mechanism for dealing with physical anxiety 

(DiClemente, 2003). Additionally, these coping mechanisms seem to lessen the physical aspects of 

anxiety, such that individuals who are smoking cigarettes and cannabis more are decreasing their 

somatic anxiety faster. This was not the case with alcohol use.  

Individuals who were drinking regularly decrease their somatic anxiety at the same rate as 

adolescents who are not drinking at all. So while cannabis and cigarettes do decrease somatic 

anxiety, alcohol is not an effective coping skill for decreasing the bodily sensation of anxiety. 

The mutual-maintenance model may help characterize our results on somatic anxiety. We 

know that cigarettes have a predictable and reliable withdrawal period (Hughes & Hatsukami, 

1986; Shiffman, 1991) during which the symptomology is very similar to tension (Hatsukami et 
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al., 1984; Hughes & Hatsukami, 1986) and dysphoria (Hatsukami et al., 1984). Cigarettes may 

reduce somatic anxiety but only because of nicotine’s ability to relieve the physical withdrawal 

symptoms of dependence. It is less clear how the mutual-maintenance model works with cannabis 

use, given the social context of cannabis use (Stewart at al., 2011). It is possible that the patterns 

seen with cannabis are actually explained through the comorbid use of cigarettes. The National 

Household Survey on Drug Abuse (1995) found that 99% of cannabis users also smoked 

cigarettes. In our sample, of the 984 adolescents who smoked either cannabis or cigarettes, 17% (n 

= 169) smoked cigarettes alone, 20% (n = 201) smoked cannabis alone, and 62% (n = 614) smoked 

both cannabis and cigarettes in the same three-month period. Given the comorbidity of cannabis 

and cigarette use, it is unclear which substance explains the decrease in somatic anxiety, or if there 

is an interaction effect on anxiety by using both substances. 

5.1       Strengths and Limitations 

This study has several strengths, including its use of a large sample of both males and 

females who were followed for several years. The fact that the study followed participants from 

early adolescence through early adulthood, an important developmental period for the 

development of anxiety symptoms and substance use, is also a strength. The study integrated 

previous studies’ use of anxiety by using several conceptual views of anxiety (anxious arousal and 

perceived stress) to allow for a more thorough understanding of the role of anxiety in substance 

use. We moved beyond the use of more stringent diagnostic criteria such as anxiety disorders (e.g., 

Angold, Costello, Farmer, Burns, & Erkanli, 1999) and used continuous measures of anxiety 

symptomatology to target a significant proportion of the adolescent population that has often been 

overlooked due to the traditional use of diagnostic criteria. We used multiple substances - 

cigarette, alcohol, and cannabis use - from the same cohort to allow direct comparisons and limit 
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inferences across studies and cohorts. This study used mixed regression models to examine the 

dynamic relationship of the proposed variables over time. Finally, we used several categories of 

drug use (non-user, regular user) to increase the understanding of how adolescent anxiety changes 

as function of substance use. 

The current study is not without its limitations. As previously mentioned, given the 

propensity for cross-use, it is difficult to know whether alcohol, cannabis, or cigarettes account for 

the reduction in anxiety. It is possible that the patterns seen with cannabis use are actually 

explained through the concurrent use of cigarettes or vice versa. More likely, given the anxiolytic 

effects of the substances, it is probable that there is an additive effect of using several substances at 

one time. While both cigarette and cannabis use help decrease the bodily sensation of anxiety at 

faster rates over time, using them concurrently may be even more effective. 

A further limitation of the current study relates to the ecological validity of the substance 

use groups. While regular users and non-users of substances are clear thresholds, it is more 

difficult to capture escalation or light use over a period of two years. Latent growth curve 

modeling is effective at creating viable groups over time for continuous data, such as the number 

of days smoked in the past 30 days. It is less viable with ordinal data, as is used in our study’s 

cannabis and alcohol use variables. Given this, it is probable that many practical and ecologically 

valid groups got collapsed into the larger group of regular users, thus losing important information 

about individual relationships between substances and anxiety.  

A limitation and strength of the current study is the high-risk population recruited. The 

adolescents were selected to capture regular use of substances at an early developmental time 

point. Given this, it allows for a more thorough understanding of regular use at a vulnerable age. 

The shortcoming of this method is the generalizability to the adolescent population as a whole. 
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A final limitation of the study was using linear change in the mixed regression models. 

Given the fact that the study only had four time points, we decided to limit models to linear change 

over time. It is possible that over time, anxiety decreases in a non-linear or quadratic fashion, 

leveling out as the reciprocal effects of substance use become effective over time. However, to 

successfully capture a more natural change in anxiety (i.e., non-linear), following adolescents 

beyond four time points will be critical. 
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Appendix A 

Current Cigarette Smoking Behavior: Days Smoked 

Think about the past 30 days. On the days you smoked cigarettes, about how many cigarettes did 

you smoke each day? 

 

Current Cigarette Smoking Behavior: Cigarettes per Day 

Think about the past 30 days. On the days you smoked cigarettes, about how many cigarettes did 

you smoke each day? 
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Appendix B 

Current Alcohol and Cannabis Use 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 During the past 3 months, how often did you:  

Zero 

Times 

Once a 

Month 

or 

Less 

More than 

once a 

month but 

less than 

once a 

week 

One or 

more 

times a 

week 

but not 

every 

day 

Every 

day 

1. Have at least one drink of alcohol.......…  

1 

 

2 3 4 5 

2. Smoke cannabis.............………………  

1 

 

2 3 4 5 
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Appendix C 

Somatic Anxiety 

 In the past week… Not at all A little bit Moderately  Quite a bit Extremely 

1. Felt Nervous 1 2 3 4 5 

2. Felt Faint 1 2 3 4 5 

3.  Felt dizzy or lightheaded 1 2 3 4 5 

4.  Was unable to relax 1 2 3 4 5 

5. Felt like I was going crazy 1 2 3 4 5 

6. Heart was racing or pounding 1 2 3 4 5 

7. Muscles were tense or sore 1 2 3 4 5 
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Appendix D 

Perceived Stress Scale 

  Never Almost 

never 

Sometimes Fairly 

often 

Very 

often 

1. In the last month how often have you felt 

that you were unable to control the 

important things in your life?  

1 2 3 4 5 

2. In the last month how often have you felt 

confident about your ability to handle 

your personal problems? 

1 2 3 4 5 

3. In the last month how often have you felt 

that things were going your way? 

1 2 3 4 5 

4. In the last month how often have you felt 

difficulties were piling up so high that 

you could not overcome them? 

1 2 3 4 5 
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