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Current evidence suggests that non-medical prescription stimulant (NMPS) use is on the 

rise, particularly among college students. Identifying individuals at risk for regular and 

problematic use is a critical step towards the development of effective intervention efforts. A 

growing body of work has noted that individuals with elevated levels of social anxiety (SA) or 

social anxiety disorder are at an enhanced risk for developing substance use problems, including 

NMPS use disorder. Despite the relevance of SA and NMPS use among college students, no 

studies have attempted to examine subclinical SA or the relation between SA and NMPS use 

among college students specifically. Thus, the present study sought to extend this area by testing 

the relation of SA symptoms and NMPS use frequency among college students. A large online 

study of college students was conducted (N=1604) to identify 252 NMPS users (18-25 years; 

68.3% female). A hierarchical linear regression was used to test the moderation of positive 

prescription stimulant expectancies on SA symptoms in predicting past year NMPS use 

frequency. A subsample of 15 participants was also brought into the lab to assess subjective 

(State Anxiety) and physiological (salivary cortisol) responding to a social stressor task. Overall, 

the current study did not provide evidence that SA, via retrospective self-report or real-time 

responding was related to past year NMPS use frequency. Additional research is needed to 

resolve the discrepancies between the present findings and prior work. 
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CHAPTER 1

INTRODUCTION 

Overview 

The non-medical use of prescription stimulants has become increasingly more common 

among college students, with estimates of lifetime use ranging as high as 35%-55% (Smith & 

Farrah, 2011). Consistent with work identifying emerging adulthood as a period of risk for the 

onset and maintenance of problematic substance use behaviors broadly (e.g., the median age of 

substance use disorder onset is 20 years; Kessler et al., 2005), both empirical (please see Smith 

& Farah, 2011 for a review) and policy-oriented (Manchikanti, 2007; United Nations [UN], 

2011) work highlights emerging adulthood as a key developmental period during which to study 

nonmedical prescription stimulant (NMPS) use specifically. Importantly, NMPS use is second 

only to marijuana as the most common form of illicit drug use among college students (Johnston, 

O’Malley, Bachman, & Schulenberg, 2013) and is associated with an array of negative 

consequences, some of which are immediate (e.g., acute cardiovascular event) and others that are 

deferred (e.g., dependence). Accordingly, the United Nations has issued a call for further 

research concerning NMPS use (1) among young adults, with a particular emphasis on college 

students, (2) attempting to identify risk and protective factors, and (3) to inform tailored 

prevention efforts (UN, 2011). 

Unfortunately, the literature examining NMPS use is severely underdeveloped as it often 

falls “between the stools of research funding” (Smith & Farrah, 2011), leaving a number of 

important questions, and key variables, unexamined. Intervention efforts will require markers 

and mechanisms identified in work examining NMPS use specifically, as opposed to “substance 

use” broadly. Social anxiety (SA) is a known risk-factor for problematic substance use (e.g., 

Buckner et al., 2008; Grant et al., 2005; Sonntag, Wittchen, Hofler, Kessler, & Stein, 2000) and 
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has conceptual relevance to the motivational factors typically associated with NMPS use (e.g., 

avoidance of negative academic evaluations). The present study intends to extend the current 

literature by examining the role of SA in NMPS use behaviors among college students. 

Prescription Stimulant Medication 

Prescription stimulants such as methylphenidate (e.g., Ritalin, Concerta) and amphetamine-

dextroamphetamine (e.g., Adderall) are used to treat multiple conditions such as narcolepsy and 

depression, although their primary indication is for attention-deficit/hyperactivity disorder 

(ADHD; Heal, Smith, Gosden, & Nutt, 2013; Kerr et al., 2012). Nonmedical prescription 

stimulant use, or the use of prescription stimulants by those without a legal prescription, is 

associated with an array of risks, some of which are inherent to the use of any medication 

without a doctor’s guidance (e.g., contraindications, accidental overdose), and others that are 

more closely tied to the development of risk-related patterns of use (e.g., progressive 

administration schedules, coping-related; Cooper, 1994; Stoops, 2008) - the latter being most 

relevant to the current examination. This section will briefly review the (1) prevalence and 

profile of NMPS users, and (2) risks associated with NMPS use. 

Socio-Demographic Features of NMPS Users 

The greatest amount of NMPS use occurs among college students. The Monitoring the Future 

2011 report, which includes individuals from a range of educational backgrounds, found that 

22% of 23 year olds reported lifetime NMPS use, with annual rates slightly higher among 

college students (9.8%) than non-students (7.0%). Recent epidemiological work also indicates 

that prescription stimulants were the only substance reflecting a marked difference between 

college students and their non-student (albeit, high-school graduate) counterparts (Johnston et al., 

2013). Among students endorsing NMPS use, a majority (63%) report their first use while in 
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college and, more specifically, during times of high academic stress and anxiety (DeSantis, 

Webb, & Noar, 2008). A review conducted by Smith and Farrah (2011) reported lifetime rates of 

NMPS use ranging from 5-35% among college students overall, and as high as 55% for fraternity 

or sorority members specifically. Although these estimates fall well below that of alcohol 

(81.0%) and marijuana (49.1%), they are typically higher than other illicit substances such as 

cocaine (5.2%) and heroin (.5%) in this age range (Johnston et al., 2013). Further, the 

nonmedical use/medical use ratio for prescription stimulants among college students is far 

greater (2.45) than that of other classes such as pain (0.38), sleep (0.61) or sedative/anxiety 

(0.85) medication (McCabe, Teter, & Boyd, 2006). Finally, there is evidence that the prevalence 

of NMPS among college students is on the rise (McCabe et al., 2006; Smith & Farrah, 2011). For 

example, one study collected student data over ten years, and found a gradual but significant 

increase (5.4%-9.3%) in past-year NMPS use among students at that University (McCabe, West, 

Teter, & Boyd, 2014). 

In addition to college student status, other descriptive features have been examined as 

potential risk factors or defining characteristics (i.e., risk markers) of NMPS users. For example, 

in a sample of 10,904 students from 119 colleges across the country, more males (5.8%) than 

females (2.9%), more Caucasians (4.9%) than African Americans (1.6%) or Asians (1.3%), and 

more students with grades of “B” or lower (5.2%) than “B+” or higher (3.3%), endorsed past 

year NMPS use (McCabe, Knight, Teter, & Wechsler, 2005). Although several studies support 

these data (Advokat, Guidry, & Martino, 2008; Arria, O’Grady, Caldeira, Vincent, & Wish, 

2008; Bavarian, Flay, & Smit, 2014), others have failed to find a statistically significant 

difference as a function of gender (Bavarian et al., 2013), race/ethnicity (Garnier-Dykstra, 

Caldeira, Vincent, O’Grady, & Arria, 2012), or GPA (Bidwal, Ip, Shah, & Serino, 2014). For 
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GPA in particular, an interesting sub-sample of students in competitive schools (McCabe et al., 

2005) and in rigorous graduate level programs such as medical school (Tuttle, Scheurich, & 

Ranseen, 2010) that (in theory) require higher GPA’s for acceptance, has brought forth questions 

about whether only ‘low-achieving’ students are at risk. In a study of graduate student NMPS 

users, reported anxiety symptoms and perceived stress levels both were associated with greater 

NMPS use suggesting both as potential moderating factors of the low GPA-NMPS use relation 

(Verdi, Weyandt, & Zavras, 2014). Finally, ADHD symptoms or undiagnosed ADHD status also 

may contribute to NMPS use as a form of self-medication. This consideration is partially 

supported by findings indicating that 38.7% of illicit users report having attention difficulties, 

and overall, those who self-diagnose are significantly more likely to use NMPS than those who 

do not (Judson & Langdon, 2009). However, it is important to note that these data cannot speak 

to whether illicit users are self-medicating (Judson & Langdon, 2009) or simply providing 

justifications for their use (DeSantis & Hane, 2010). 

Cognitive Risk Factors for NMPS Use 

With respect to motivational factors, the majority of college students endorse NMPS use to 

enhance cognition in some form (Teter, McCabe, Cranford, Boyd, & Guthrie, 2005). When 

Rabinar and colleagues (2009) asked college students, through a web survey, to report how 

frequently they use NMPS for particular motives, 41-61% reported primarily using to enhance 

concentration or improve studying, while less than 6% reported using NMPS “often or always” 

to get high. Further, 54% reported use purely for academic reasons, 6% exclusively for non-

academic reasons, and 40% for both. In a sample of over 1,000 in-coming college students 

followed over four years, Garnier-Dykstra and colleagues (2012) found that in the first year 36% 

of students had been offered, and 13.3% had used, prescription stimulants (for nonmedical 
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purposes) in their lifetime; by year four of this longitudinal study, the proportions jumped to 

61.8% and 31%, respectively. Additionally, the student-reported motives underlying NMPS use 

reflected an important trend over time: at year one, curiosity was endorsed by 18.7% of users, to 

stay awake and party by 12.9%, and to study 73.8%; by year four, only 1.3% reported being 

motivated by curiosity, while 14.5% to stay awake and party, and 91.5% to study.  Overall, 

studying was the most commonly endorsed motive for NMPS use across the four years, and the 

authors suggest that the distinct reduction in curiosity reflects, in part, that use becomes less 

about novelty seeking and more about obtaining academic leverage. This trend also demonstrates 

the general transition from experimentation (18.7% using for curiosity at year one) to use for a 

specified purpose (only 1.3% used for curiosity at year four) over the span of four years. 

In contrast to motives which reflect why a user typically uses a substance, expectancies 

reflect an individual’s beliefs about a substance (Cox & Klinger, 1988). Expectancies are 

conceptually more distal in the substance use pathway than motives, but because they develop 

prior to engaging in use it is possible to examine how the expectancies of non-users might differ 

from users as well as how expectancies shift from initial use to regular or problematic use. 

Indeed, non-users reported lower levels of positive (e.g., taking prescription stimulants would 

enhance cognitive abilities) and higher levels of negative expectancies (e.g., taking prescription 

stimulants would lead to greater anxiety and arousal) regarding prescription stimulants than 

either medical or non-medical prescription stimulant users (Looby & Earleywine, 2010). Further, 

positive expectancies have been shown to predict greater frequency of prescription stimulant use 

among both medical and NMPS users after controlling for age, gender, and ADHD symptoms 

(Looby & Earleywine, 2009). 

Risks Associated with NMPS Use 
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Inherent in non-medical prescription drug use are risks associated with the adverse effects of 

the medications as well as how they may interact with other substances. For prescription 

stimulants, individuals may be at an increased risk for cardiovascular events, tics, headaches, 

difficulty sleeping (AACAP, 2002), and depressed mood (Teter, Falone, Cranford, Boyd, & 

McCabe, 2010).  Further, NMPS users often report combining NMPS with other substances 

(McCabe et al., 2005), which is not only dangerous in its own right (e.g., potentiating liver 

damage), but also may increase the probability for engagement in additional risk behaviors. For 

example, NMPS use may reduce the degree to which the effects of alcohol are perceived (i.e., 

underestimation of inebriation), thereby increasing the amount of alcohol consumed (i.e., binge 

drinking; McCabe et al., 2005) resulting in greater behavioral (e.g., risky sexual behavior; 

Benotsch, Koester, Luckman, Marting, & Cejka, 2011) and physical (e.g., alcohol poisoning, 

sexual assault) risks. In addition to these acute risks (i.e., tied to immediate effects or 

interactions), long-term use can lead to both physical and psychological dependence (Zacny et 

al., 2003). 

From a pharmacological perspective, MPH and AMPH fall under the same category as 

cocaine and methamphetamine, producing similar effects associated with abuse and dependence 

(e.g., maintained/progressive self-administration patterns; Kollins, 2007; Stoops, 2008). 

Although these medications are considered safe at low or therapeutic doses, when individuals 

exceed that range it may lead to enhanced activity in areas of the brain associated with the 

reward pathways involved in dependence (Arnsten, 2009). Indeed, some of the earlier animal 

studies examining whether long-term stimulant therapy would lead to dependence inadvertently 

modeled non-medical (e.g., excessive doses, intranasal administrations) rather than medical (e.g., 

therapeutic doses, oral administration) users (Kuczenski & Segal, 2002). These data help 
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illustrate how the regular consumption of the same substance can lead to drastically different 

outcomes - being both a mechanism of symptom treatment and a substance of abuse. When 

humans consume prescription stimulants in excessive doses, via modes intended to enhance 

potency or shorten onset of action (e.g., intranasal), or concurrently with other substances (e.g., 

alcohol) they are at elevated risk for developing subsequent substance use problems (e.g., injury, 

dependence; Barrett, Meisner, & Stewart, 2008; Compton & Volkow, 2006). Although risky 

prescription stimulant consumption is more likely to occur among individuals for whom the 

medication was not intended, not all NMPS users go on to engage in regular use or experience 

NMPS use-related problems (McCabe, Teter, & Boyd, 2006; McCabe, Boyd, & Teter, 2009; 

McCabe & Teter, 2007).  Identifying those who are at particular risk for doing so represents a 

critical step towards developing early prevention and intervention efforts. 

Social Anxiety 

Social anxiety (SA) is characterized by an excessive fear of negative evaluation, or of doing 

something that could be humiliating or embarrassing while under the scrutiny of others (APA, 

2000). Individuals with elevated SA tend to be hypersensitive to criticism, evidencing vigilance 

to social threat and interpretation of ambiguous feedback as negative (Amir, Beard, & Bower, 

2005; Hoffman, 2007). Clinical criteria require significant levels of distress or impairment 

related to the symptoms as well as avoidance of feared situations (APA, 2000); however, sub-

clinical SA also can be extremely distressing, and has been associated with a number of the 

problematic outcomes related to the clinical diagnosis such as depression and substance use 

(Essau, Conradt, & Petermann, 1999; Sonntag et al., 2000).  

Elevated SA and social anxiety disorder typically emerge in adolescence (median age of 

onset 12.5 years; Grant et al., 2005). Lifetime social anxiety disorder prevalence ranges from 
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5.0% (Grant et al., 2005) to 12.1% (Kessler  et al., 2005), although current estimates may 

underestimate the actual extent of problematic SA due, in part, to the nature of the disorder itself 

(Grant et al., 2005).  In a nationally representative study of over 43,000 adults (18+ years), less 

than 20% of individuals who met clinical criteria for social anxiety disorder ever received 

treatment, and those who did receive treatment reported a substantial lag between symptom onset 

(M age = 15 years) and when they first received treatment (M age = 27.2 years; Grant et al., 2005). 

An individual who fears social interactions and scrutiny from others may be less likely to express 

their symptoms or problems with family or health care providers. Instead, individuals with 

elevated SA may de-emphasize their symptoms (e.g., attribute them to ‘shyness’) and attempt to 

manage them in isolation (Kessler, 2003). One potential consequence of this is the reliance on 

maladaptive coping mechanisms (e.g., behavioral avoidance, substance use) or safety behaviors 

(e.g., over-rehearsing conversations; use of external agents) to help prevent or alleviate 

symptoms. However, these behaviors actually help preserve the initial condition, hinder the 

process of learning effective coping strategies, and often lead to the development of additional 

problems (e.g., social role impairments, substance dependence; Buckner et al., 2008; Hoffman, 

2007). This section will briefly review the theoretical and empirical work (1) linking elevated SA 

and social anxiety disorder to problematic substance use behaviors broadly, and (2) converging 

on the role of SA in problematic NMPS use among college students specifically. 

Social Anxiety and Problematic Substance Use Behaviors 

Despite non-significant relations with frequency of use, elevated SA has been consistently 

linked to substance-related negative outcomes (e.g., dependence; Buckner & Schmidt, 2009; 

Sonntag et al., 2000). For example, in a nationally representative sample, lifetime social anxiety 

disorder was associated with a two-fold risk for concurrent nicotine, alcohol, and other drug use 
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disorders compared to those without a diagnosis (Grant et al., 2005). Among individuals with 

social anxiety disorder, 48.2% also met criteria for an alcohol use disorder, and 22.3% a drug use 

disorder (Grant et al., 2005). Importantly, social anxiety disorder has been conceptualized as the 

antecedent disorder, as symptoms and diagnoses consistently precede that of substance use 

disorders (Rapee & Spence 2004; Wittchen & Fehm, 2003).  Although considerations regarding 

directionality and causal mechanisms require continued investigation, the longitudinal data on 

SA preceding substance use disorders to date is quite compelling (e.g., Sonntag et al., 2000; 

Zimmerman et al., 2003). For example, Sonntag and colleagues (2000) found that social fears 

among 14-24 year olds were positively associated with risk for nicotine dependence at a four- 

year follow-up assessment. Further, among those with social fears who had already started 

smoking at baseline, over 50% reported their fears occurring before they began smoking. 

Theoretical and empirical work has highlighted the role of coping motives (i.e., to reduce or 

avoid negative affect) in better understanding the link between SA and substance use problems 

(Buckner, Heimberg, Matthews, & Silgado, 2012; Buckner, Zvolensky, Farris, & Hogan, 2013). 

For example, coping motives partially accounts for the relation between SA symptoms and 

substance use problems (e.g., failure to fulfill responsibilities) in studies of alcohol (Clerkin, 

Werntz, Magee, Lindgren, & Teachman, 2014) and marijuana (Buckner, Bonn-Miller, 

Zvolensky, & Schmidt, 2007) use among young adults. This pathway has been demonstrated 

using clinical interviews to establish criteria (Buckner & Schmidt, 2009), subjective recall report 

of SA symptoms (Buckner, Heimberg, & Schmidt, 2011), as well as in laboratory settings with 

physiological and real-time responding (Buckner, Ecker, & Vinci, 2013; Buckner, Schmidt, 

Bobadilla, & Taylor, 2006). Buckner and colleagues (2007) suggest that something about the 

manner in which individuals with elevated SA use substances increases their risk for impairment. 
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For instance, adults high in SA have reported (a) using marijuana or alcohol to reduce anxiety 

associated with social situations, (b) relief of SA via marijuana or alcohol use, and (c) avoidance 

of social situations if alcohol or marijuana was not available, all to a greater degree than low-SA 

comparison groups (Buckner et al., 2012; Thomas, Randall, & Carrigan, 2003). 

Social anxiety as a risk factor for NMPS use among college students. 

From a developmental perspective, emerging adulthood (e.g., 18-25 years; typically in 

college) is a particularly important period to examine the role of SA in NMPS use behaviors 

(Arnett, 2005; Johnston et al., 2013).  Not only do many students report initiating substance use 

upon entering college (Johnston et al., 2013), but this period is characterized by a continued 

emphasis on identity exploration, including issues of self-worth, which may both increase risk of 

relevant substance use activity (particularly among socially anxious individuals), as well as be 

hindered by such behaviors (Arnett, 2005). Further, the domains in which individuals are 

evaluated most rigorously and consistently (e.g., academics) during high school become more 

important, as well as more competitive, for success in college. Indeed, for many full-time college 

students, academics become a critical part of one’s self-worth and can be a major source of stress 

(American College Health Association, 2013) that may lead to NMPS use (Bavarian et al., 

2013). 

College life is characterized by academic and social situations with the propensity for 

negative evaluation (e.g., exams; new peers), a context that may be especially difficult for those 

struggling with SA given that the central feature of SA is marked and persistent fear of negative 

evaluation. Indeed, individuals experiencing symptoms of SA also are at a greater risk for 

academic difficulties (e.g., premature withdrawal from school; Van Ameringen, Mancini, & 

Farvolden, 2003). Students struggling with elevated SA may perceive academic activities as a 
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medium through which negative evaluations may be experienced or even expected (e.g., poor 

grades), and one way to stave off such negative criticisms is to excel. However, socially anxious 

individuals often respond to positive feedback with greater anxiety as such successes may raise 

perceived expectations of future behavior (Wallace & Alden, 1995). 

Individuals with elevated SA who engage in NMPS use may be at greater risk for 

problematic NMPS-related outcomes. For example, if someone with elevated SA has a positive 

experience following NMPS use, he or she may attribute their success to the stimulants rather 

than personal effort, and may come to rely on such use as a ‘safety behavior’; a maladaptive 

form of coping that can come to hinder performance as well as limit attributions to individual 

ability and effort (Hoffman, 2007). Importantly, the degree of risk for continuing to engage in 

NMPS use relies on the valence of individual’s first experience. For example, an individual who 

has a negative first experience and develops negative expectancies is unlikely to continue 

engaging in NMPS use. However, positive expectancies (drawn from external sources of 

information and/or positive personal experiences) should increase NMPS use frequency among 

all users and particularly among users with elevated SA. The moderating role of positive 

expectancies in use outcomes has been widely studied in the context of alcohol (e.g., Gilles, 

Turk, & Fresco, 2006); however unlike alcohol, NMPS use would not necessarily lead to a 

decrease in anxiety symptoms, and may actually increase anxiety symptoms. Rather, the 

expectation that NMPS use will enhance ones cognitive abilities or social interactions (two 

domains in which college students are often evaluated) will likely lead to greater use among 

college students with elevated SA who are concerned about staving off negative evaluations, but 

do not feel capable doing so without a pharmacological aid. 
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The preliminary evidence to date supports the contention that SA and NMPS use may be 

linked, particularly during emerging adulthood. Examining data collected in the National 

Epidemiologic Survey on Alcohol and Related Conditions, Huang and colleagues (2006) report 

that the overall mean age of onset for non-medical stimulant use disorders was 20.7 years, and 

the diagnosis of a prescription stimulant use disorder was associated with a two- to four-fold 

increase in risk for a concurrent diagnosis of social anxiety disorder. Further, Weyandt and 

colleagues (2009) found that NMPS use behaviors were positively correlated with a range of 

variables indexing relevant psychological symptoms (i.e., internal states of restlessness and 

distress), such as interpersonal sensitivity (e.g., “feeling inferior to others”) and phobic anxiety 

(e.g., “feeling uneasy in crowds”), in a sample of 390 college students. Finally, Sareen and 

colleagues (2006) reported greater odds of lifetime stimulant use among those with generalized 

SAD in large epidemiological studies conducted in both the US (National Comorbidity Study) 

and Canada (Ontario Health Study). However, despite theoretical support and some empirical 

work suggesting a link between SA and NMPS use among college students, no work to date has 

directly evaluated this hypothesis. 

Integrative Summary and the Current Study 

Prescription stimulants can be an effective treatment for ADHD; however, non-medical use 

is associated with an array of risks, both immediate (e.g., acute cardiovascular event) and 

deferred (e.g., dependence). Together, the current data suggest that NMPS use is a growing 

problem among college students in the United States. From a theoretical perspective, college 

students struggling with SA might be at risk for NMPS use problems for at least three reasons. 

First, given the evaluative nature of academic course work, individuals with SA may find 

academic stressors to be particularly taxing, and thus may be motivated to use prescription 
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stimulants to improve their academics and avoid negative evaluations (e.g., poor grades). 

Second, if stimulant use is effective in either avoiding negative evaluation or promoting positive 

social experiences, these students may experience such outcomes as exceptionally reinforcing, 

thus increasing risk for continued and/or problematic use behaviors (Ford & Arrastia, 2008). 

Finally, individuals with SA using prescription stimulants are at greater risk for adhering to 

maladaptive coping mechanisms and safety behaviors, hindering their ability to engage in 

adaptive coping behaviors and thus enhancing risk for reliance on external means of affect/ 

performance management (Hoffman, 2007). Of note, preliminary evidence supports a linkage 

between elevated SA and substance use problems broadly (Huang et al., 2006; Weyandt et al., 

2009); however, no work has directly examined pre-clinical SA and NMPS use specifically. 

The majority of the work examining NMPS use among college students has primarily 

focused on demographic features (e.g., McCabe et al., 2005; Simoni-Wastila & Strickler, 2004). 

While such work is a crucial first step, identification of malleable factors related to NMPS use 

behaviors (e.g., individual difference factors; use expectancies) are needed to better inform and 

tailor prevention and intervention efforts. Therefore, the primary aim of the current project is to 

explore whether SA is related to NMPS use (i.e. frequency) and NMPS use expectancies (e.g., 

positive vs. negative). First, I will examine whether retrospective report of SA symptoms is 

related to lifetime and past year NMPS use frequency (among lifetime users only) as well as 

established NMPS use expectancies (among users and non-users). Second, among lifetime 

NMPS users I will examine whether positive use expectancies (i.e. cognitive and social 

enhancement) moderate the relation between SA and frequency of past year NMPS use. Finally, 

among past year NMPS users I will examine the relation between acute stress responding to a 
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laboratory social stress task and past year NMPS use frequency. Specifically, the following 

hypotheses will be tested: 

1. Among lifetime users, self-reported SA will be positively related to lifetime and past

year NMPS use frequency. 

2. Among lifetime users, those with higher levels of SA and higher positive

expectancies will report more frequent NMPS use as compared to those with high 

levels of SA and low positive expectancies. 

3. Among past year NMPS users, real-time reported anxiety and physiological stress in

response to a laboratory social stress task will be positively related to past year NMPS 

use frequency. 

Lastly, the relation between SA and NMPS use expectancies among participants who have 

never used a prescription stimulant will be explored. This is the first study to directly examine 

the potential link between SA and NMPS use among college students, as well as to also assess 

potential malleable factors (e.g., expectancies) that may be relevant to intervention development. 

If the above hypotheses are supported, the current study may serve as a springboard for the 

design of prevention/intervention efforts targeting a population at particularly high-risk for 

NMPS use and related problems. 



15 

CHAPTER 2

METHODOLOGY 

Participants 

Participants were college students recruited for a two-phase study through the University 

of North Texas SONA system. A total of 1604 (69.9% female) completed a series of online 

questionnaires designed to examine the relation between (retrospective) self-reported SA, NMPS 

use expectancies, and NMPS use frequency. For the full online collection there were no 

eligibility requirements for participation other than enrollment in a SONA eligible course (which 

would give them access to the SONA system) and being at least 18 years of age in order to 

provide informed consent. As the primary focus of the present study was to examine the linkages 

between SA and NMPS among emerging adults, the Phase 1 analyses include only those who 

were 18-25 years of age. To further focus on non-medical prescription stimulant use (c.f. medical 

use/medical misuse) participants were excluded from analysis if they endorsed a lifetime 

attention-deficit/hyperactivity (ADHD) diagnosis (n = 193) or lifetime legal prescription for 

stimulant medication (n = 177), resulting in a final sample of 1265. Only those who endorsed 

lifetime NMPS use were analyzed in the primary analyses (n = 252); however, non-users (n = 

1013) were included in the preliminary bivariate analyses for descriptive purposes. 

To explore real-time anxious responding and NMPS use frequency, a subsample of Phase 

1 participants were invited to complete Phase 2, which involved a 2-hour laboratory visit (invited 

n = 200; 12.5% of total sample). Participants were invited for Phase 2 if they met the following 

inclusion criteria: (a) undergraduate status, (b) age 18-25 years, and (c) any past 12-month 

NMPS use (i.e. reported NMPS use at least once within the past year). Participants were 

excluded if they reported lifetime attention-deficit/hyperactivity (ADHD) diagnosis or lifetime 

legal prescription for stimulant medication. Of those invited, 15 participants completed Phase 2 
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(7.5% of eligible participants; 0.1% of total collected sample). All participants who completed 

the online survey were compensated with course credit; participants who completed Phase 2 

were given the option of receiving additional course credit OR $20 to aid in recruitment broadly 

and of participants who may not have needed additional course credit (60% chose monetary 

compensation). 

Following four semesters of data collection (Fall 2014, Spring 2015, Summer 2015, Fall 

2015), 1604 participants completed the online questionnaires; 1265 met criteria for preliminary 

analyses in Phase 1, 252 met criteria for the primary analyses in Phase 1 (i.e. lifetime NMPS 

use), and among the 200 who met all of the eligibility requirements, 15 completed Phase 2. 

Please see Table 1 for a summary of the demographics for the total sample of participants as well 

as each relevant sub-sample. Other than variables used for the inclusion (e.g., any lifetime/past 

12 month NMPS use) participants did not significantly differ on any of the listed demographics. 

Measures 

Please see Appendix A for copies of each of the self-report assessments completed by the 

participants. Demographics, diagnostic and medication status, and NMPS use frequency were 

asked both online and in the laboratory. Retrospective SA symptoms and prescription stimulant 

expectancies were asked online only. The interview assessing adherence to the pre-laboratory 

instructions, self-reported state anxiety, and cortisol assessments were collected during the 

laboratory portion only. 

Demographics 

Participants were asked to report on a series of demographic features to be screened for age 

(i.e. 18-25 years) and medical criteria (described below) as well as provide relevant descriptive 

information for the participating sample.  Importantly, following completion of the online 
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assessment participants were notified whether or not they were eligible for Phase 2 but were not 

informed of the specific eligibility criteria. 

Diagnostic and Medication Status 

Although individuals with an ADHD diagnosis and legal prescription for stimulant 

medications have reported NMPS use (e.g., taking more medicine than prescribed in ways other 

than indicated), these individuals and their use behaviors may be substantively different than that 

of NMPS users without a formal ADHD diagnosis or legal prescription. Thus, as a part of a 

mental health questionnaire participants were asked to indicate ‘yes’ or ‘no’ as to whether they 

have ever been diagnosed with attention-deficit/hyperactivity disorder (ADHD) or if they have 

ever been prescribed stimulant medication. Those who indicated lifetime diagnosis of ADHD or 

a lifetime prescription for ADHD related medications were not included in the primary analyses 

and screened out for Phase 2 participation. A subsequent question was asked to list all 

medications that participants were currently taking to be screened for stimulant medications 

prescribed for other reasons (e.g., depression, narcolepsy) that might not have been captured in 

the question asking about ADHD medications specifically. Participants were not excluded for 

any other diagnosis or non-stimulant medication as there was no theoretical basis for doing so. 

ADHD Symptoms 

Although participants were screened for positive ADHD diagnostic statuses and/or 

prescriptions for stimulant medication it is possible that individuals engaging in NMPS use are 

doing so in an attempt to self-medicate their undiagnosed ADHD symptoms. Thus, the College 

Student ADHD Inattention Subscale (Rabinar et al., 2008) was administered to assess level of 

inattentive (e.g., “It is difficult for me to pay attention during classes”) symptoms on a 5-point 

scale from 1 (strongly disagree) to 5 (strongly agree). Item responses were summed so that 
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higher scores reflect greater inattentive symptoms. Though recently developed, the inattentive 

subscale of the College Student ADHD Scale evidences acceptable psychometric properties 

including preliminary support for construct validity (e.g., greater symptom scores among college 

students with ADHD diagnoses than without; Rabinar et al., 2008) and internal consistency 

(Cronbach’s α=.91 in current sample). Rabinar and colleagues (2009) also have used this scale to 

examine NMPS use as a form of self-treatment for ADHD symptoms among college students. In 

a sample of over 3,000 college students they found that students scoring one standard deviation 

above the mean on inattentive (but not hyperactivity) symptoms were nearly twice as likely to 

engage in NMPS use but not other prescription medications or substances. 

Non-Medical Prescription Stimulant (NMPS) Use 

Using the same format employed in the nationally-based Monitoring the Future project 

(Johnston, Bachman, & O’Malley, 2013), participants were asked to report frequency of NMPS 

use from “0 occasions” to “40 or more occasions” in: (1) their lifetime and (2) the past 12 

months during both Phase 1 and Phase 2. Only individuals who endorsed using NMPS at least 

once in the past 12 months (Bavarian et al., 2013; Garnier-Dykstra et al., 2012; McCabe et al., 

2014) were invited to come into the laboratory for Phase 2. This timeframe was selected in an 

effort to enhance both validity and feasibility. Specifically, participants endorsing any amount or 

frequency of NMPS use in the past year (and met the other criteria) were invited to participate in 

Phase 2 to allow for a relatively broad range of users, including those ‘experimenting,’ those 

who may only use during specific times of year or semester (e.g., finals; DeSantis et al., 2008) as 

well as more regularly, and those who use for a variety of motives (e.g., studying, partying; Teter 

et al., 2005). More recent NMPS use was not selected also because of concerns regarding 

feasibility. The reported rates for more recent NMPS use in similar populations such as past 30-
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day (4.3%) or 6-months (5.4%) are considerably lower than 12-months (10.1%), making the 

latter a more feasible selection criteria (Johnston et al., 2015; Rabinar et al., 2009). Although 

lifetime use would have provided a larger sample of eligible participants to draw from (n = 252 

in current sample; 15.7% of total sample), it may have been a far more heterogeneous sample 

(e.g., some using 1.5 years prior to assessment, others 10 years) that might also represent use 

outside of the developmental period of interest (i.e. 18-25 years). Although self-report substance 

use surveys are subject to an array of limitations, they have been widely used and are generally 

considered valid when conditions of confidentiality are met (e.g., assured anonymity of 

responses; O’Malley & Johnston, 2002; McCabe et al., 2005). 

Prescription Stimulant Expectancies 

In Phase 1, participants completed the Prescription Stimulant Expectancies Questionnaire-II 

(PSEQ-II; Looby & Earleywine, 2010). The PSEQ-II is a 45-item measure that assesses two 

positive (cognitive enhancement, social enhancement) and two negative (anxiousness/arousal, 

guilt/dependence) expectancy factors that can be examined separately or summed to create a 

‘Positive’ and ‘Negative’ Expectancy scores. Participants rate on a 0 (not at all) to 2 (very 

often/always) scale whether they would expect each positive (29 items) or negative (16 items) 

item to occur as a result of using a prescription stimulant medication (e.g., Adderall, Ritalin). 

The Positive and Negative expectancy scales evidenced adequate internal consistency in the 

present study (Cronbach’s α in present sample = .97, .93 for Positive and Negative respectively), 

and have been shown in prior work to discriminate different NMPS user types (i.e. nonusers, 

recreational users, medical users, recreational/medical users) with recreational and 

recreational/medical users evidencing the greatest positive expectancies (Looby & Earleywine, 
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2010). Expectancies as assessed via the PSEQ also demonstrate malleability to targeted 

interventions (e.g., Expectancy Challenge; Looby, De Young, & Earleywine, 2013). 

For the primary analyses, only the Positive Expectancies scale was used as a potential 

moderator; however, all four expectancy subscales were calculated and included in the bivariate 

correlation matrices for descriptive purposes. Specifically, Positive Expectancies is comprised of 

Cognitive Enhancement (e.g., “I can pay attention really well”; Cronbach’s α = .97) and Social 

Enhancement (e.g., “Conversing with others is easier”; Cronbach’s α = .91) while Negative 

Expectancies is comprised of Anxiety and Arousal (e.g., “I can’t calm down”; Cronbach’s α = 

.92), and Guilt and Dependence (e.g., “I feel like I can’t get through the day without it”; 

Cronbach’s α = .83). 

Social Anxiety 

Retrospective symptom report. In Phase 1, participants completed the Liebowitz Social 

Anxiety Scale (LSAS; Liebowitz, 1987) as an assessment of SA symptoms. This 24 item scale 

has participants report from 0 (none) to 3 (severe) the degree to which they fear a particular 

situation, and from 0 (never) to 3 (usually) how often they avoid each situation. As participants 

rate their fear and avoidance to the same situations it allows for a direct comparison of these 

constructs. Fear and Avoidance scales were calculated by summing all relevant items. The LSAS 

Fear and Avoidance scales exhibit both adequate internal consistency (e.g., Cronbach’s α in 

present sample =.95, .94 for Fear and Avoidance respectively) as well as convergent validity 

with other social anxiety measures such as the Social Phobia Scale (rfear = .60, ravoid = .53) and 

Social Interaction Anxiety Scale (rfear = .66, ravoid = .70) when given to individuals both with and 

without social anxiety disorder (Fresco et al., 2001). The Fear and Avoidance scales can be 

further broken down into Social (e.g., “Talking with people you don’t know well”; αFear = .92; 
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αAvoid = .89) and Performance (e.g., “Acting, performing, or giving a talk in front of an 

audience”; αFear =.89; αAvoid  = .88) subscales (Fresco et al., 2001).  These subscales were 

included in the preliminary analyses to explore potential bivariate relations. 

Real-time anxiety (self-report). A modified Trier Social Stress Task (TSST; Krischbaum, 

2010) was used to elicit real-time anxiety. The TSST has a long history as a safe social 

stress/anxiety induction task (e.g., Kirschbaum & Hellhammer, 1994; Richardson, Rice, & 

Devine, 2013), and is the most commonly used standardized procedure in social-stress reactivity 

studies (Kudielka & Wust, 2010). The current procedures are drawn from a recently published 

modification (Richardson et al., 2013) that tailors the initial speech prompt (job/graduate school 

interview) to reflect that which the participant anticipates in the near future. Selection of the 

prompt was based on a demographic question (i.e. “what are your plans after you graduate?”) 

answered during Phase 1. Those who indicated they were unsure (n = 2) were given the job 

interview speech prompt (for speech selection on the remaining participants, please see Table 1). 

Participants were told to imagine that they are participating in the final phase of either a job 

or graduate school interview (prompt determined based on earlier self-report), and that they have 

to prepare a 5-minute presentation (Richardson et al., 2013).  They also were told to imagine that 

the decision as to who will get the job/admittance to the program lies on this presentation, and 

how well they are able to distinguish themselves from the other candidates. Finally, they were 

told that the researchers will be observing their performance in the other room through video 

monitoring and taking notes (for the specific script, see Appendix B). Together, the task includes 

a 20-minute baseline period, 3-minute preparation, 5-minute speech, and 5-minute quiet recovery 

period (for a visual depiction, see Figure 2). 
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Self-reported anxious responding was indexed using repeated assessments of the ‘state’ form 

of the State Trait Anxiety Inventory-Form Y (STAI; Spielberger 1983). The STAI is a widely 

used measure for assessing both real-time (i.e. ‘state’) and general (i.e. ‘trait) anxiety symptoms, 

including in the context of the TSST (e.g., Rimmele et al., 2007). The state form of the STAI 

includes 20 items that assess state level anxiety rated on a visually presented scale of 1 (no 

anxiety) to 4 (extreme anxiety). Participants completed the state assessment three times: at the 

end of the 20 min baseline/prior to speech preparation (α=.92), immediately following speech 

preparation (α=.95), and then immediately following the speech itself (α=.95). Self-reported 

anxious responding was calculated using change scores from baseline to post-preparation (i.e. 

speech anticipation anxiety) and baseline to post-speech state anxiety scores. This is a well-

established procedure for the assessment of self-reported anxious responding to stressor tasks 

such as the TSST (e.g., Erwin, Heimberg, Juster, & Mindlin, 2002). 

Real-time anxiety (physiological response). Salivary cortisol level is a widely used index of 

hypothalamus-pituitary-adrenal (HPA) axis response to stress, with peak concentration present 

approximately 20 minutes post-stressor (Granger, Weisz, McCracken, Ikeda, & Douglas, 1996; 

Kirschbaum & Hellhammer, 1994). During the TSST procedure, participants provided two 

whole saliva samples that were later analyzed by Salimetrics, LLC (a leader in the field; Dorn, 

Dahl, Woodward, & Biro, 2006) for the presence of cortisol. Specifically, saliva samples were 

provided at baseline (immediately prior to speech preparation, following 20 minutes of 

laboratory habituation) and again 20 minutes following the speech task. 

Following informed consent, participants were asked to rinse their mouths with bottled water 

to ensure a clean (i.e. no food particles) sample was obtained. During collection, the ‘passive 

drool’ approach (c.f., cotton-based absorbent material; Dabbs, 1991) was utilized as it minimizes 
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sample damage and potential confounds (Granger et al., 2007). Specifically, participants were 

asked to imagine that they are chewing their favorite food and allow the oral fluid to pool in their 

mouth without swallowing, after which they allow the saliva to flow through a short straw into a 

marked vial. Samples were sealed and immediately placed into storage, where they were kept 

frozen at -20° C until shipped to Salimetrics, LLC for testing. Change scores from baseline to 20 

minutes post-speech were used in analyses. 

Restriction adherence and medical screener. Consistent with the extant literature (Granger 

et al., 2012) and recommendations from the assay company (Salimetrics, LLC), participants were 

all scheduled in the afternoon (3-5:30pm) when diurnal changes in cortisol are relatively stable to 

control for diurnal changes in cortisol levels. Participants also were instructed to refrain from 

eating, drinking (except water), smoking, brushing their teeth, or exercising one hour prior to the 

scheduled laboratory visit. Participants also were asked to refrain from using any non-medically 

required substances on the appointment day as they may interfere with the ability to produce 

saliva, reducing the amount as well as the quality of the sample attained (see Granger et al., 

2012). Finally, participants were told if they felt ill (e.g., fever) or noticed any cold sores to 

notify the researcher and reschedule since these would negatively impact the quality of the saliva 

samples as well as put the research assistants handling the samples at risk. Following informed 

consent, a research assistant asked participants to report on their adherence to the instructions, 

recent (48 hours) medication use, physical health (e.g., current fever, recent mouth injuries), and 

(for females only) the date of their most recent menstruation as well as if they had any reason to 

believe they were currently pregnant (see Appendix A for interview). 

Procedure 
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For a graphical summary of the overall procedures see Figure 1. The original pool (n = 1604) 

of participants were recruited from the local university SONA system1. Following consent, 

participants were asked to complete an online questionnaire battery which included the 

demographics, NMPS use history, LSAS, ADHD Symptom Scale, and PSEQ (described above) 

in exchange for course credit. 

Participants who met the eligibility criteria for Phase 2 (n = 200) were notified that they were 

eligible via e-mail and informed that they may receive either additional course credits or 

monetary compensation ($20)2. Interested participants were given additional information about 

the study protocol and restrictions (e.g., nothing to eat or drink other than water one hour prior to 

the visit), then scheduled. Of those who scheduled appointments for Phase 2 (approximate n = 

40), 15 arrived for their appointments. Eligible participants who were non-responsive 

(approximate n = 160) were prompted via e-mail every 2-3 weeks until they indicated they were 

uninterested or the semester ended. Non-responsive participants were prompted a final time 

during the break following the semester they participated (e.g., final reminders for Fall 

participants were sent during the winter break) with an e-mail emphasizing that they could 

choose monetary compensation that they would receive immediately after completing the study 

or SONA credits which could be applied to their account the following semester if they are 

enrolled in a SONA eligible course. 

Upon arrival to the laboratory, Phase 2 participants read through a consent form, signed upon 

their agreement, and were introduced to the assessment room where they were asked to rinse 

their mouths with bottled water for 10 seconds. Then, they were seated and asked by a research 

assistant about their adherence to the study restrictions (no participants were excluded at this 

point). They then completed questionnaires for 20 minutes, until the baseline STAI was 
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administered and saliva sample collected. Participants were given instructions about the speech 

task, completed the 3-minute preparation period, then administered the second (post-prep) STAI. 

Participants then completed the 5 minute speech, the post-speech STAI, and a 5 minute quiet 

recovery period. Participants continued to respond to questionnaires until the post-speech 

salivary sample was collected (20 minutes following the task). Finally, participants were thanked 

and debriefed. Those selecting monetary compensation were compensated at the end of 

debriefing; those selecting SONA credit were compensated within one week of participation. 
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CHAPTER 3

 RESULTS 

Phase 1 

Preliminary Analyses 

Please see Table 2 for descriptive data (i.e. scale Means and Standard Deviations) on the 

primary variables. Although past year NMPS use frequency did not meet the assumption of 

normality (see Figure 3), parametric tests are reported for ease of interpretation. Importantly, 

non-parametric tests were also employed and produced identical findings. To identify potential 

covariates for Hypothesis 2, a series of bivariate correlations were conducted with age, gender, 

and ADHD symptoms included with SA symptoms, prescription stimulant expectancies, and past 

year NMPS use frequency. Variables evidencing statistically significant relations (i.e. p < .05) 

with any of the variables of interest were included in Table 3 for descriptive purposes; however, 

only variables that were related to past year NMPS use frequency among lifetime users were 

included as covariates for Hypothesis 2. Ultimately, only participants reporting lifetime NMPS 

use were interpreted for Hypothesis 1 and included in the primary analyses for Hypothesis 2; 

however, the bivariate relations among the primary variables for non-users also were included in 

Table 3 for descriptive purposes. 

Covariate Selection 

Age was initially included in the bivariate correlation analysis but because it was unrelated to 

all of the primary variables, including past year NMPS use frequency, it was not included in 

Table 3 or the regressions used to test Hypothesis 2. Gender, a dichotomous variables, is 

included in Table 3 with female students coded as ‘1’ and male students as ‘0’, thus positive 

correlations reflect higher scores among women, and negative correlations indicate higher scores 

among men (see Henson, 2000). Among lifetime users, women reported similar past year NMPS 
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use frequency (M = 2.45, SD =1.50) as men (M = 2.48, SD =1.41), therefore gender was not 

included as a covariate in the primary analyses for Hypothesis 2. However, gender differences 

among the other variables warranted the inclusion of gender in Table 3 for descriptive purposes. 

Specifically, women reported greater SA Fear (M = 28.73, SD = 16.64) and Avoidance (M = 

28.36, SD = 17.92) scores than men (Fear M = 12.66, SD = 16.64, p <.001; Avoidance M = 

18.86, SD = 12.30, p <.001). In terms of NMPS expectancies, women reported similar levels of 

Positive expectancies (M = 33.47, SD = 12.96) as men (M = 33.56, SD =13.57, p =.962), but 

slightly higher Negative expectancies (M = 12.94, SD = 7.16) than men (M = 10.71, SD =6.78, p 

= .019). Interestingly, women in the lifetime user sample reported greater ADHD inattentive 

symptoms (M = 19.56, SD=5.31) than men (M = 17.00, SD = 5.00, p = .001), while women in 

the non-user sample reported similar levels of ADHD inattentive symptoms (M = 16.74, SD = 

5.76) as men (M = 16.81, SD = 6.01, p = .851). 

Finally, among lifetime NMPS users, ADHD inattentive symptoms were positively related to 

past year NMPS use (r = .167, p = .012) and is therefore the only variable included as a covariate 

for Hypothesis 2. As seen in Table 3, ADHD inattentive symptoms were positively related to 

both SA Fear and Avoidance symptoms among users and non-users, whereas ADHD inattentive 

symptoms were unrelated to either Positive or Negative expectancies among users and non-users. 

Hypothesis 1 

 Please see Table 2 for descriptive data (M, SD) on the primary variables and Table 3 for the 

relations among primary variables separated by lifetime NMPS users (above the diagonal) and 

non-users (below the diagonal). As seen in Table 3, among lifetime NMPS users, neither lifetime 

nor past year NMPS use was related to SA Fear or Avoidance. Past year NMPS use evidenced a 

small positive correlation with Positive Expectancies (r = .16, p = .014) and a small negative 
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correlation with Negative Expectancies (r = -.20 p = .003). The relation between SA Fear and 

Avoidance with Positive expectancies was positive but small for both users (rFear = .13, rAvoid 

=.13, p = .052) and non-users (rFear = .18, rAvoid = .15, p < .001). Both SA Fear and Avoidance 

were positively related to Negative Expectancies among lifetime users and non-users; however, 

the correlation for Fear/Avoidance and Negative Expectancies was slightly stronger among users 

(rFear = .31, rAvoid = .25, p <.001) than non-users (rFear = .19, rAvoid = .18, p <.001). 

Hypothesis 2 

Among lifetime NMPS users, two hierarchical regressions were used to test the main and 

interaction effects of SA (Fear/Avoidance) and Positive Expectancies on past year NMPS use 

frequency. Please see Table 4 for a summary of the data. For each model, ADHD inattentive 

symptoms were entered in Step 1, the main effects were entered in Step 2, and the interaction in 

Step 3. The overall models for Fear (R2 = .06, F[4, 228] = 3.64, p = .007) and Avoidance (R2 = 

.05, F[4, 228] = 3.04, p = .018) were both statistically significant. For both models, Step 1 

accounted for 3% of the variance in past year NMPS use. The main effects of SA Fear (sr2 =  .01, 

p = .077) and Positive Expectancies (sr2 = .02, p = .042) in Step 2 together added 3% variance (p 

= .036), whereas the main effects of SA Avoidance (sr2 = .00, p = .492) and Positive 

Expectancies (sr2 = .02, p = .028) together added 2% (p = .078); the interaction term in Step 3 

did not add any additional variance for either model. 

Exploratory post-hoc analyses for Hypothesis 2. One potential reason for the statistically 

non-significant interaction of SA and Positive Expectancies on past year NMPS use is that the 

measure of Positive Expectancies was too broad. Thus, on an exploratory basis I examined the 

specific Positive Expectancies (Cognitive Enhancement, Social Enhancement) as potential 

moderators of SA Fear and Avoidance symptoms on past year NMPS use. As before, ADHD 
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symptoms were entered in Step 1, then main effects in Step 2, then interaction terms in Step 3. 

Please see Table 5 for a summary of the findings. 

The overall model was statistically significant for the FearXCognitiveEnhancement (R2 = .04, 

F[4, 228] = 3.65, p = .007), FearXSocialEnhancement (R2 = .04, F[4, 228] = 2.60, p = .037), and 

AvoidXCognitiveEnhancement (R2 = .05, F[4, 228] = 3.20, p = .014) models, but not the 

AvoidXSocialEnhancement model (R2 = .03, F[4, 228] = 1.99, p = .096). Although the overall 

effect sizes were small (R2 ≤ .05), each step of the statistically significant models were examined 

to identify which predictors accounted for the variance in past year NMPS use. As the same 

covariates were used for each model in predicting past year NMPS use, Step 1 accounted for 4% 

of variance for each model and was statistically significant (p = .015). However, main effects 

(Step 2) were only statistically significant for the FearXCognitiveEnhancement model (∆R2 = 

.03, p = .032). Specifically, Cognitive Enhancement accounted for 2% and SA Fear accounted 

for 1% unique variance in past year NMPS use frequency. The interaction terms were not 

statistically significant in any model. 

Phase 2 

Preliminary Analyses 

Although participants were given pre-laboratory instructions, among the 15 who completed 

Phase 2, three reported eating (20%), two reported drinking a beverage other than water (13.3%), 

two reported brushing their teeth (13.3%), and one reported exercising (6.7%) within one hour of 

the laboratory visit. No participants endorsed recent dental visits, fevers, or mouth injuries. Five 

(35.7%) reported taking relevant regular medications (e.g., oral contraceptives, Claritin) and four 

(28.6%) indicated use on the day of the laboratory visit. Female participants (n = 10; 66.7%) 

reported their most recent menstruation occurring a mean of 14.7 days (SD = 6.9) prior to the 
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visit and none reported any belief of possible pregnancy. Given the small sample, no participants 

were excluded for failure to adhere to the laboratory instructions. Estimates of Skew and 

Kurtosis were computed and data were visually examined (via Histograms) for violations of 

normality across each of the self-reported anxiety and cortisol variables; as most of the variables 

appeared to fall within acceptable ranges (i.e. skew and kurtosis values <1.5), raw scores were 

used for each of the analyses described below3. 

First, to assess whether the TSST elicited elevated anxious responding, a series of pairwise 

comparisons were conducted on the self-report and cortisol scores to examine mean differences 

at Baseline, Prep, and Post-Speech. For self-reported state anxiety, the Baseline assessment (M = 

31.93, SD = 8.96) was lower than both Prep (M = 37.87, SD = 12.12, p = .021) and Post-Speech 

(M = 42.92, SD = 12.80, p = .001) assessments. The Prep assessment was also lower than the 

Post-Speech assessment (p = .020). For cortisol, the Baseline assessment (M = .216, SD = .132) 

was not statistically different from the Post-Speech assessment (M = .188, SD = .105, p = .301). 

Hypothesis 3 

Both self-reported state anxiety and physiological responding variables were calculated by 

subtracting baseline values from the relevant post-task marker. Thus positive scores reflect 

greater responding from baseline and negative scores reflect declines from baseline. To test 

whether real-time reported state anxiety and physiological stress responding (i.e. cortisol 

concentrations) to a laboratory stress task would be positively related to past year NMPS use 

frequency, a series of bivariate correlations were conducted with the difference scores. Positive 

correlations with these difference scores reflect greater past year NMPS use among those with 

elevated responses and lower NMPS use among those with lower responses. In contrast, negative 
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correlations reflect lower NMPS use among those with elevated responses and greater use among 

those with lower responses. 

Physiological responding could not be computed for two participants who did not provide a 

sufficient amount of saliva to assess baseline cortisol levels; the data for these participants are 

not represented in the cortisol variables, however, they were retained for the self-report anxiety 

levels.  Self-reported state anxiety responding to the speech task could not be computed for two 

participants who each left a single item missing on the speech task state assessment4; the data for 

these participants are not represented in the self-report anxiety levels, however, they were 

retained for the cortisol variables. Because of the already small sample size, pairwise (c.f. 

listwise) removal was conducted in an attempt to retain power; the smallest sample in Table 6 are 

bivariate correlations between cortisol and self-reported state anxiety where n=11. Overall, past 

year NMPS use was unrelated to both self-reported and physiological responding (for a summary 

of the findings please see Table 6). 
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CHAPTER 4

 DISCUSSION 

The use of NMPS has become increasingly more common among college students (Smith 

& Farrah, 2011) and is associated with an array of negative consequences (e.g., acute 

cardiovascular events; AACAP, 2002).  Research on NMPS use to date has largely been 

descriptive in nature, focused on identifying markers related to NMPS use rather than malleable 

risk factors such as why specific individuals might be engaging in such activities. At least three 

studies provided preliminary data suggesting that college students with elevated SA may engage 

in greater NMPS use (Huang et al., 2006; Sareen et al., 2006; Weyandt et al., 2009). The aim of 

the present study was to directly assess the relation between SA symptoms and past year NMPS 

use among college students using both retrospective self-reports and in-lab responding to a social 

stressor as markers of SA. Overall, the data did not support any of the proposed hypotheses; 

possible explanations for these findings are described below, followed by implications and future 

directions. 

Overall, the current study did not provide evidence that SA, via retrospective self-report 

or real-time responding, was correlated with NMPS use frequency. These data stand in contrast 

to prior work indicating that SAD was associated with greater odds of lifetime NMPS use 

(Sareen et al., 2006) and NMPS use disorders (Huang et al., 2006) among adults in the United 

States, and one study finding a positive relation between SA-relevant symptoms (e.g., 

Interpersonal Sensitivity; “feeling inferior to others”) and NMPS use frequency in a small 

sample of college students (Weyendt et al., 2009). There were several methodological 

differences in the present study as compared to these prior studies that may account for noted 

discrepancies. 
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First, in the present study, the focus was on a non-clinical college student sample and SA 

symptoms were assessed via self-report. It is possible that the relation between SA and NMPS 

use does not emerge until individuals meet clinical criteria for one or both disorders; future work 

examining students meeting criteria for SAD, NMPS Use Disorder, or both will aid in better 

understanding for whom, and at what point, co-occurrence is observed. Second, in the present 

study, both SA symptoms and NMPS use frequency were directly measured using validated 

assessments. Weyandt and colleagues (2009) used an assessment that appeared conceptually 

related to SA and a factor score of author-derived NMPS use indices including both frequency 

and items reflecting motives (e.g., “I have used prescription stimulants to focus better in class”). 

It is possible that (a) their ‘conceptually related’ SA assessment was tapping into a construct 

distinct from SA which was related to NMPS use, (b) their assessment did reflect SA, but was 

related to non-frequency NMPS use items in their factor score, or (c) their assessment reflected 

different aspects of SA not reflected in the LSAS assessment used in the present study. Future 

work using measures from the present study and that of Weyandt and colleagues (2009) is 

needed to resolve these discrepancies. Third, in the present study there were no assessments of 

NMPS related problems because validated self-reports could not be found and clinical interviews 

were not considered feasible. It is possible, as with other substances, that SA/SAD is related to 

problems rather than frequency. Indeed, for alcohol, marijuana, and cigarettes, the relation 

between SA and frequency is inconsistent – with a majority of data reflecting null or negative 

relations to frequency yet positive relations to use-related problems (Buckner, Bonn-Miller, 

Zvolensky, & Schmidt, 2007; Gilles et al., 2006; Grant et al., 2005). To date, I am still unaware 

of any validated self-report assessments of NMPS related problems; validating a self-report 

assessment of NMPS related problems represents an important first step towards expanding 
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exploratory survey-based research in predictors such as SA that may be differentially related to 

problems but not frequency (or vice versa). Until then, future research should include both 

clinical and self-report assessments of SA, NMPS use frequency, and NMPS use problems to 

explore these relations. Although the poor recruitment rates of NMPS users for the laboratory 

session in the present study highlights the difficulty of conducting such foundational work, it 

remains a necessary step towards replicating prior work while ruling out potential threats to 

internal validity (e.g., instrumentation).  

Given the null findings with the retrospective self-report, it is not surprising that there 

were also non-significant effects with the real-time responding. The benefit of examining real-

time responding in addition to retrospective self-report is that it overcomes some of the reporting 

issues related to retrospective reporting of SA symptoms. Although different findings might have 

emerged for retrospective and real-time responding, their consistency reinforces the 

interpretation that SA is not related to NMPS use frequency.  Importantly, the laboratory sample 

was very small, and represented only a sub-sample of college students with recent NMPS use 

(post-hoc power analyses using the power observed in the present sample and α=.05 suggested a 

required sample of 100-250 participants). 

Second, although SA alone might not predict NMPS use frequency, it was expected that 

socially anxious students who a) have had experience with NMPS use, and b) endorse Positive 

Expectancies related to NMPS use would endorse more frequent past year NMPS use; however, 

support for this also was not found in the current study. Specifically, although Positive 

Expectancies evidenced a small positive correlation to both lifetime and past year NMPS use 

frequency, the interaction of Positive Expectancies with SA was not a significant predictor of 

past year NMPS frequency of use. To explore whether specific Positive Expectancies (cognitive 
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enhancement vs. social enhancement) would draw out this relation, a post-hoc exploratory 

regression was conducted with specific Positive Expectancies included as potential moderators 

of SA. However, even with this more specific set analyses, no moderation effects were 

identified. Together, the current findings indicate that, regardless of whether positive 

expectancies are retained as a single variable or broken down into cognitive and social 

enhancement subscales, there does not appear to be a moderating effect on the SA-NMPS use 

frequency relation.  

It is important to note that the effect of Positive Expectancies on past year NMPS use was 

small (r =.16), and calls into question whether expectancies as a construct is the most meaningful 

predictor of use outcomes among NMPS users. Where expectancies reflect general beliefs about 

a substance, motives represent reasons for why an individual who uses a substance typically 

engages in use. Indeed, motives are considered a more ‘direct’ pathway to use outcomes than 

expectancies; for instance, among alcohol users motives for use fully mediate (statistically) the 

path from expectancies to use outcomes, and accounts for variance unaccounted for by 

expectancies (Cox & Klinger, 1988; Cooper, Frone, Russell, & Mudar, 1995). Although similar 

findings regarding expectancies and motives have been replicated across other substances (e.g., 

marijuana; Simons, Gaher, Correia, Hansen, & Christopher, 2005), I am unaware of any 

validated measures of NMPS use motives. Future researchers should consider validating a 

NMPS use motives measures to test the expectancy/motives hypothesis in regard to prescription 

stimulant use. Given the difficulty of recruiting NMPS users, identifying a stronger predictor of 

NMPS use outcomes also benefits researchers who can then recruit fewer participants to conduct 

the exploratory research still needed in this relatively new research area. Further, although small-

effect relations may have theoretical value and indirectly aid in treatment, clinicians interested in 
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treatment and treatment development need target variables that are easy to identify and, when 

changed via intervention, lead to improvements that are also easy to identify. Motives, and 

coping motives in particular, may be one such target. Indeed, the indirect effect of coping 

motives accounts for significant variance in the relation between SA and alcohol, marijuana, as 

well as cigarette related disorders broadly, and to stress levels during periods of deprivation 

specifically (Buckner et al., 2007; Watson, VanderVeen, Cohen, DeMarree, & Morrell, 2012). If 

a relation between SA and NMPS use problems is identified in future work, the design and 

testing of a coping motives assessment would allow for the examination of the mediational 

pathway found in prior work targeting other substances in the understanding of NMPS use 

specifically. 

Some interesting and unexpected findings included how SA related to Positive and 

Negative stimulant expectancies among lifetime users and non-users. Indeed, despite being the 

most commonly endorsed expectancy among users, regardless of how SA was conceptualized 

(i.e. two vs. four factors), SA was not related to Cognitive Enhancement. In contrast, SA 

evidenced a small positive correlation to Social Enhancement expectancies, which suggests 

individuals with elevated SA may perceive stimulants as a means to improve their social 

interactions. However, of the PSEQ expectancies, Social Enhancement was the only one that did 

not evidence a statistically significant relation to past year NMPS use (r =.08, p >.05). The 

meaning of the SA-Social Enhancement expectancies relation and the implications for later use 

requires further investigation. Also unexpectedly, SA was positively related to Negative 

Expectancies for prescription stimulants. As Negative Expectancies are typically associated with 

lower use (e.g., Looby, De Young, & Earleywine, 2013), these data suggest that students with 

elevated SA actually might engage in less NMPS use than low SA peers. Although conceptually 
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it makes sense that SA might predispose individuals to experiencing the negative side effects of 

NMPS use, leading to negative expectancies, and ultimately lower use – the present data do not 

provide evidence of any direct link between SA and NMPS use. Further, by conventional 

statistical standards, the relation between Negative Expectancies and NMPS use was small (r < -

.30). Though this value is consistent with that in other published findings (e.g., Looby & 

Earleywine, 2010), further research on the practical value of such a small effect is needed. 

Among non-users, SA (regardless of two or four factor conceptualization) was positively 

associated with all of the expectancies. As all of the effects were small but positive (r’s range 

from .10-.22) and similar in magnitude to that of users, it is difficult to discern exactly what the 

implications of these relations might be5. It is possible that expectancies moderates the relation 

between SA and NMPS use initiation, however the cross-sectional design in the present study 

precludes the testing of this question. A longitudinal study including regular assessments of SA 

and expectancies prior to any NMPS use through regular and problematic NMPS use will be 

needed to parse apart these relations. 

 In addition to the hypothesis-specific limitations discussed above, there are several 

general limitations regarding the study as a whole which might account for the non-significant 

findings. First, from the outset, the cross-sectional nature of the present study would have been 

unable to ‘truly’ model the temporal precedence implied in the hypothesized pathway where SA 

elicited greater NMPS use frequency. Indeed, the outcome of past year NMPS use is defined by 

past behaviors; though retrospective SA symptoms are assumed to predate past year NMPS use, 

there is no way to verify this in the present design. Further, the real-time anxious responding 

really only models how the participant currently reacts to social stressors; whether they would 

have reacted in the same way prior to engaging in NMPS use and that this reactivity serves as a 
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risk factor for engaging in NMPS use remains unclear. In both cases, a longitudinal design that 

assessed SA prior to participants engaging in any NMPS use or having only experimented with 

NMPS use (e.g., < 3 uses in lifetime) would have more accurately reflected the extent to which 

SA serves as a risk factor for the initiations of NMPS use or transition from experimentation to 

regular/problematic use. Though cross-sectional relations would provide justification for a more 

time-intensive longitudinal study, when cross-sectional relations are not found it remains unclear 

as to whether there truly is no relation, or whether the causal pathway from SA to NMPS use 

changes in a way that cannot be observed when variables are measured simultaneously (e.g., bi-

directional effects). Indeed, although college students evidence elevated risk for both SA and 

NMPS use, it may be such concurrent elevations that actually mask prospective risk. For 

instance, findings regarding the relation between SA and alcohol use among college students 

have been mixed, in part due to the high frequency of risk-related alcohol consumption during 

this period across all students limiting variation (Ham & Hope, 2005). As such, the emerging 

adulthood period is one in which such associations may emerge, but the relation will not become 

evident until later in adulthood, when most individuals have ‘matured out’ of early use 

behaviors. Importantly, the difficulty in recruiting a sample to engage in a longitudinal study for 

a long enough period of time to detect such nuanced effects may be cost/time prohibitive.  

 Second, there are measurement concerns for each of the primary variables of interest. In 

regard to SA, the LSAS is a somewhat outdated measure that was originally validated for DSM-

III (Liebowitz, 1987). Though still in use, some of the LSAS items may no longer be relevant for 

current college students (e.g., telephoning in public, resisting a high pressure salesperson).  

Future studies may consider other psychometrically sound assessments such as the Social 

Interaction Anxiety Scale and Social Phobia Scale that were developed more recently (Mattick & 
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Clark, 1998). Further, given the relations found with SAD and NMPS use outcomes, it will be 

important to test the SA-NMPS use relation using both clinical interviews and self-report 

assessments.  

 In terms of the sample, recruitment took place primarily via the local SONA system, 

which is available only to students enrolled in selected (largely introductory) psychology courses 

at the University of North Texas. For instance, although other studies have reported greater 

NMPS use rates among men, this was not found in the present study; this may have been due, in 

part, to the large proportion of female participants (68.3%), and thus gender analyses may not 

have been appropriately balanced. Finally, the sample was relatively diverse in terms of 

race/ethnicity (e.g., >50% non-Hispanic White) which, while a strength in terms of overall 

generalizability, may partially account for the null findings as higher rates of NMPS use and use-

related problems has been reported among Caucasian/White students as compared to those 

identifying as another race/ethnicity.  

 Despite failing to identify support for the proposed hypotheses, the present study had 

some notable strengths and the findings provide important insight into future studies interested in 

the SA-NMPS use relation. Indeed, this was the first study to directly examine the relation 

between SA symptoms and NMPS use frequency in a non-clinical sample where both SA and 

NMPS use are highly relevant (i.e. college students). The failure to extend findings previously 

reported in clinical samples to the current sample suggests the need to replicate the clinical 

findings using self-report assessments to verify whether the null findings in the present study 

reflect issues with measurement and/or sample differences. The large and diverse sample of 

college students recruited in Phase 1 overall and of NMPS users specifically, provide some 

confidence that the null findings were not attributable to small samples unrepresentative of the 
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larger college population (although perhaps not in terms of the NMPS user demographics 

specifically). Finally, the 92.5% of eligible participants who chose not to complete Phase 2 

demonstrates that although NMPS users were willing to complete online surveys, they were not 

as willing to come into the laboratory for in-person assessments. This has several implications 

for researchers interested in this population given that systematic efforts were made for 

enhancing recruitment, including masking the study aims (i.e. non-participation is unlikely due 

to concerns about stigma/confidentiality), offering both course credit and monetary ($20) 

compensation that were both increased (e.g., $25) in later semesters (i.e. non participation is 

unlikely due to inadequate compensation), and sending regular reminders/requests to eligible 

participants about participating (i.e. non-participation unlikely due to forgetting about the study). 

Indeed, the non-participation rates in the present study were substantially greater than that of 

other populations, including other substance users, suggesting recruitment efforts for this 

population may require further study to identify different ways to enhance their involvement in 

lab-based studies (e.g., simplifying scheduling procedures).  Unfortunately, by virtue of not 

participating in Phase 2 it is unclear why eligible participants chose not to participate; however, 

the descriptive data for the eligible participating/non-participating samples in Tables 1 and 2 

suggest that they were nearly identical across the demographic and primary variables assessed.  

Despite the failure to support the initial hypotheses, the current study suggests several 

theoretical and methodological considerations that may guide continued work in this domain. 

Indeed, continuing research on NMPS users as well as who is at risk for developing related 

problems remains an important research objective. However, as a relatively young research 

topic, more foundational work will be necessary. Ultimately, the continued empirical and 

theoretical development of this research area relies first on the resolution of practical obstacles 
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(e.g., participant recruitment). Only recently have reviews of the literature been published that 

have attempted to provide some theoretical guidance for researchers (e.g., Smith & Farrah, 

2011). More accessible assessments of NMPS problems and related constructs (e.g., motives) 

will be important to continue the theoretical development of this area. Lastly, in terms of SA as a 

specific risk factor for NMPS use, replication of prior work and more advanced research designs 

will be needed to resolve the discrepancy presented by the current data as more nuanced relations 

may exist that were not addressed in the present study.  

  



ENDNOTES
1This is true for all semesters except Summer 2015 since the SONA system is not active 

during this time. Participants who participated in Phase 1 (n = 44) during this semester were 

recruited from Psychology courses. Specifically, research assistants provided in class 

presentations about the study and distributed paper instructions on how to participate (i.e. e-mail 

researcher, researcher sends Phase1 link, e-mail researcher again to notify when they completed 

the survey). Rather than SONA credits, participants were compensated with extra credit for the 

course in which they were recruited from. There were 3 participants from this particular semester 

who were eligible for Phase 2, but none participated. 

2In Fall 2015 the amount of course credits and monetary compensation offered for 

participating in the laboratory portion was increased from 4 credits and $20 to 5 credits and $25. 

Only 1 participant completed the laboratory portion following this change and selected course 

credit. 

3The only variable to exceed this range was the baseline cortisol which had a Skew=1.52 

and Kurtosis=3.51. The natural log was taken for all of the cortisol assessments and analyzed in 

the same way described for the raw values. This transformation brought the baseline Skew (.58) 

and Kurtosis (1.15) into acceptable ranges. The same results were obtained with the natural log 

values as with the raw cortisol values, thus for ease of interpretation the raw values were 

reported for discussion. 

4Both participants had data on the missing items for the other STAI assessments; using 

their other data points as well as the group average I employed an imputation method for these 

items and re-ran the analyses; both approaches provided the same results. 
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5The differences in p values despite similar effect sizes is likely a function of the larger 

non-user (n=1033) than user (n=252) sample. 
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Table 1 

Sample Demographics 

Variable Total Sample 

(n = 1604) 

Phase 1 

Non-Users 

(n = 1013) 

Phase 1 

Lifetime Users 

Only  

(n = 252) 

Phase 2 

Eligible 

(n =  200) 

Phase 2 

Participated 

(n = 15) 

Age M (SD) 20.73 (3.63) 19.85 (1.74) 20.25 (1.69) 20.01 (1.57) 20.00 (1.96) 

Gender % 

Male 29.6% 27.3% 31.7% 33.0% 33.3% 

Female  69.9%  72.2%  68.3% 67.0% 66.7% 

Other 0.6%  0.5%  0.0%  0.0%  0.0% 

Sexual  

Orientation (n) 

Straight  87.6%  87.9%  85.3%  83%  73.3% 

Gay  4.0% 4.1%  4.4%  4.5%  0.0% 

Bisexual  5.4%  4.9%  6.7%  8.5%  13.3% 

Questioning  1.9%  1.8%  2.8%  3.0%  13.3% 

Other  0.9%  1.1%  0.4%  0.5%  0.0% 

Race/Ethnicity (n) 

Hispanic  21.4%  23.7%  23.4%  23.0%  26.7% 

Non-Hispanic White  44.5%  39.3%  47.6%  49.5%  46.7% 

African American  14.9%  17.6%  10.7%  12.0%  13.3% 

Asian  7.2%  7.9% 8.3%  6.5%  6.7% 

Native American/ 

Alaskan 
0.7%  0.6% 0.4%  1.0%  0.0% 

Multiple 7.9%  7.7%  7.1%  6.5%  6.7% 

Other 3.0%  2.8%  2.0%  1.0%  0.0% 

ADHD Symptoms M (SD) 

Inattention 17.66 (5.95) 16.77 (5.80) 18.74 (5.3) 19.00 (5.49) 18.40 (6.22) 

NMPS Use (any) % 

Lifetime  21.5% 0%a 100%a 100%a 100%a 

12 Month  15.5% 0% a  (72.2%) 100%a 100%a 

Academic Demographics 

GPA M (SD) 3.11 (.57) 3.18 (.56) 2.99 (.53) 2.96 (.52) 3.02 (.67) 

Class Rank % 

Freshman  30.5%  34.5%  26.2%  29.5%  40.0% 

Sophomore  21.1%  22.6%  23.8%  24.0%  0.0% 

Junior  23.6%  23.1%  23.8%  25.0%  33.3% 

Senior  23.4%  18.9%  25.0%  21.0%  26.7% 

Other 1.1%   0.5%  1.2%  0.5%  0.0% 

Post-Grad Plans % 

Pursue another 

bachelors 
 1.2%  0.9%  1.2%  1.5%  0.0% 

Grad school  51.5%  53.2%  49.6%  51.0%  53.3% 

Find a job  10.5%  10.1%  9.5%  9.5%  13.3% 

Pursue career  22.3%  22.1%  23.4%  23.5%  20.0% 

Take a break  1.9%  1.1%  3.6%  2.5%  0.0% 

Unsure  8.0%  8.8%  5.6%  6.0%  13.3% 

Other  4.6%  3.8%  7.1%  6.0%  0.0% 
Note:  a denotes values determined by inclusion/exclusion criteria 
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Table 2  

Descriptives (M, SD) for Primary Variables 

Variable n items 

(Range) 

Total Sample 

(n = 1604) 

Phase 1 Non-

Users 

(n = 1013) 

Phase 1 

Lifetime Users 

Only  

(n = 252) 

Phase 2 

Eligible 

(n =  200) 

Phase 2 

Participated 

(n = 15) 

NMPS_Lifeb 1 (0-6) 0.00 (0.03) 0.00 a 2.00 (.10) 2.00 (.13) 2.00 (.53) 

NMPS_12b 1 (0-6) 0.00 (0.02) 0.00 a 1.00 (.09) 1.00 (.09) 2.00 (.48) 

PSEQ_Pos 
29 (0-58) 

28.32 (15.38) 26.07 (16.00) 33.50 (13.13) 
34.35 

(13.19) 
34.13 (11.93) 

PSEQ_Neg 16 (0-32) 11.76 (8.23) 12.03 (8.62) 12.23 (7.10) 11.58 (6.97) 11.60 (8.12) 

PSEQ_CE 
20 (0-40) 

21.09 (11.82) 19.09 (12.14) 25.42 (10.20) 
25.89 

(10.03) 
26.60 (9.25) 

PSEQ_SE 9 (0-18) 7.20 (4.99) 6.95 (5.03) 8.08 (4.93) 8.47 (4.97) 7.53 (5.31) 

PSEQ_AA 11 (0-22) 8.37 (5.98) 8.34 (6.18) 9.60 (5.53) 9.09 (5.35) 8.93 (6.04) 

PSEQ_GD 5 (0-10) 3.39 (2.83) 3.69 (2.93) 2.62 (2.42) 2.48 (2.44) 2.67 (2.85) 

Fear_Total 
24 (0-72) 

25.32 (16.54) 25.73 (16.63) 25.78 (16.13) 
25.84 

(16.39) 
28.47 (14.42) 

Avoid_Total 
24 (0-72) 

24.70 (16.70) 25.35 (16.85) 25.38 (16.92) 
25.68 

(17.32) 
28.33 (14.73) 

Fear_Perf 13 (0-39) 13.28 (8.61) 13.34 (8.65) 13.84 (8.40) 13.83 (8.47) 13.73 (7.83) 

Fear_Social 11 (0-33) 12.00 (8.42) 12.34 (8.42) 12.03 (8.36) 12.13 (8.49) 14.73 (7.67) 

Avoid_Perf 13 (0-39) 12.51 (8.80) 12.74 (8.86) 13.11 (8.96) 13.27 (9.11) 13.93 (7.81) 

Avoid_Social 11 (0-33) 12.15 (8.52) 12.57 (8.58) 12.28 (8.62) 12.44 (8.76) 14.40 (7.72) 

Note: NMPS_Life= Lifetime non-medical prescription stimulant use; NMPS_12= Past year non-medical prescription stimulant use; 

PSEQ=Prescription Stimulant Expectancy Questionnaire; Pos= Positive Expectancies; Neg=Negative Expectancies; CE= Cognitive 

Enhancement; SE=Social Enhancement; AA=Anxiety and Arousal; GD=Guilt and Dependence; Fear_Total and Avoid_Total = 

Total sum of Fear and Avoidance items from the Liebowitz Social Anxiety Scale; Perf=Performance subscale; Socal=Social 

Interaction subscale; ADHD_Inatt= Attention Deficit Hyperactivity Disorder Inattention subscale.  
a denotes values determined by inclusion/exclusion criteria; b denotes variables that failed to meet the assumption of normality 

therefore the median and standard error are reported in place of means and standard deviation 
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Table 3 

Bivariate Correlations Examining Relations Among Retrospective Social Anxiety Symptoms, NMPS Use Frequency, and NMPS Use Expectancies 

Variable 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1. NMPS_Life .57** -.12 .19** -.08 .17** .14* -.02 -.19** -.04 .02 -.01 -.07 .04 -.01 .17* 

2. NMPS_12 _ -.01 .16* -.20** .17** .08 -.20** -.13* -.05 .01 -.04 -.05 .02 .00 .17* 

3. Gender _ _ .01 .16* .00 .03 .17* .08 .28** .25** .27** .26** .24** .25** .23** 

4. PSEQ_Pos _ .05 _ .22** .94** .72** .21** .18** .13 .13 .13 .12 .12 .13 .14* 

5. PSEQ_Neg _ .01 .56** _ .07 .45** .96** .74** .31** .25** .30** .31** .21** .26** .04 

6. PSEQ_CE _ .06 .97** .51** _ .44** .06 .07 .08 .08 .08 .07 .08 .08 .12 

7. PSEQ_SE _ .04 .83** .56** .67** _ .43** .33** .18** .18** .17** .18** .16* .19** .13 

8. PSEQ_AA _ .01 .52** .97** .47** .54** _ .51** .29** .20** .27** .28** .18** .22** .04 

9.PSEQ_GD _ .02 .55** .88** .51** .51** .75** _ .26** .25** .24** .26** .21** .27** .02 

10. Fear_Total _ .13** .18** .19** .19** .12** .16** .22** _ .81** .97** .97** .77** .80** .29** 

11. Avoid_Total _ .10** .15** .18** .16** .11** .15** .21** .90** _ .80** .78** .96** .96** .27** 

12. Fear_Perf _ .14** .18** .18** .19** .12** .15** .20** .97** .87** _ .87** .80** .73** .29** 

13. Fear_Social _ .12** .17** .19** .18** .11** .16** .22** .97** .87** .89** _ .69** .82** .27** 

14. Avoid_Perf _ .11** .14** .16** .14** .11** .14** .19** .85** .97** .86** .79** _ .85** .27** 

15. Avoid_Social _ .09* .16** .19** .17** .10** .16** .22** .88** .96** .82** .90** .86** _ .26** 

16. ADHD_Inatt _ -.02 .16** .09** .15** .12** .06 .12** .31** .31** .32** .28** .31** .29** _ 

Note: Correlations for lifetime NMPS users (n = 252) are presented above the diagonal and correlations for non-users (n = 1013) below the diagonal.  NMPS_Life= 

Lifetime non-medical prescription stimulant use; NMPS_12= Past year non-medical prescription stimulant use; PSEQ=Prescription Stimulant Expectancy Questionnaire; 

Pos= Positive Expectancies; Neg=Negative Expectancies; CE= Cognitive Enhancement; SE=Social Enhancement; AA=Anxiety and Arousal; GD=Guilt and Dependence; 

Fear_Total and Avoid_Total = Total sum of Fear and Avoidance items from the Liebowitz Social Anxiety Scale (LSAS); Perf=Performance subscale; Socal=Social 

Interaction subscale; ADHD_Inatt= Attention Deficit Hyperactivity Disorder Inattention subscale. 

* p ≤ .05, ** p ≤ .01.
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Table 4  

Hierarchical Multiple Regression Predicting Past Year NMPS Use from Social Anxiety and Positive Prescription Stimulant 

Expectancies  

Predictor ∆R2 β sr2 p Predictor ∆R2 β sr2 p 

Social Anxiety: Fear Social Anxiety: Avoidance 

Step 1s Step 1 .03 .012 Step 1 .03 .010 

ADHD_Inatt .165 .03 .012 ADHD_Inatt .169 .03 .010 

Step 2 .03 .036 Step 2 .02 .078 

ADHD_Inatt .182 .03 .008 ADHD_Inatt .161 .02 .018 

Fear_Total -.119 .01 .077 Avoid_Total -.046 00 .492 

PSEQ_Pos .133 .02 .042 PSEQ_Pos .145 .02 .028 

Step 3 .01 .275 Step 3 .00 .640 

ADHD_Inatt .181 .03 .008 ADHD_Inatt .161 .02 .018 

Fear_Total -.302 .01 .095 Avoid_Total -.126 .00 .492 

PSEQ_Pos .030 .00 .797 PSEQ_Pos .102 .00 .362 

FearXpos .231 .01 .275 AvoidXpos .099 .00 .640 

Note: Analyses were conducted only on those endorsing lifetime NMPS use (n=252).  ADHD_Inatt= Attention Deficit Hyperactivity 

Disorder Inattention subscale; PSEQ_Pos=Prescription Stimulant Expectancy Questionnaire – Positive Expectancies; Fear_Total and 

Avoid_Total = Total sum of Fear and Avoidance items from the Liebowitz Social Anxiety Scale (LSAS); FearXpos and Avoidxpos= 

Interaction term of LSAS Fear x PSEQ Positive Expectancies and LSAS Avoid x PSEQ Positive Expectancies 
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Table 5 

Hierarchical Multiple Regression Predicting Past Year NMPS Use from Social Anxiety and Specific Positive Prescription 

Stimulant Expectancies  

Predictor ∆R2 β sr2 p Predictor ∆R2 β sr2 p 

Fear x Cognitive Enhancement Fear x Social Enhancement 

Step 1s Step 1 .03 .012 Step 1 .03 .012 

ADHD_Inatt .165 .03 .012 ADHD_Inatt .165 .03 .012 

Step 2 .03 .032 Step 2 .02 .160 

ADHD_Inatt .183 .03 .007 ADHD_Inatt .190 .03 .005 

Fear_Total -.114 .01 .092 Fear_Total -.118 .01 .085 

PSEQ_CogEnhance .136 .02 .036 PSEQ_SocEnhance .071 .01 .285 

Step 3 .00 .324 Step 3 .00 .635 

ADHD_Inatt .181 .03 .008 ADHD_Inatt .192 .03 .005 

Fear_Total -.266 .01 .115 Fear_Total -.173 .01 .200 

PSEQ_CogEnhance .041 .00 .722 PSEQ_SocEnhance .025 .00 .829 

FearXCogEnhance .196 .00 .324 FearXSocEnhance .083 .00 .635 

Avoid x Cognitive Enhancement Avoid x Social Enhancement 

Step 1 .03 .010 Step 1 .03 .010 

ADHD_Inatt .169 .03 .010 ADHD_Inatt .169 .03 .010 

Step 2 .02 .055 Step 2  .00 .540 

ADHD_Inatt .161 .02 .018 ADHD_Inatt .173 .03 .012 

Avoid_Total -.040 .00 .552 Avoid_Total -.044 .00 .522 

PSEQ_CogEnhance .154 .02 .019 PSEQ_SocEnhance .066 .00 .324 

Step 3 .00 .722 Step 3 .00 .805 

ADHD_Inatt .161 .02 .018 ADHD_Inatt .173 .03 .012 

Avoid_Total -.097 .00 .577 Avoid_Total -.073 .00 .592 

PSEQ_CogEnhance .121 .01 .284 PSEQ_SocEnhance .043 .00 .710 

AvoidXCogEnhance .071 .00 .722 AvoidXSocEnhance .043 .00 .805 
Note: Analyses were conducted only on those endorsing lifetime NMPS use (n=252).  ADHD_Inatt= Attention Deficit Hyperactivity 

Disorder Inattention subscale; PSEQ_Pos=Prescription Stimulant Expectancy Questionnaire – Positive Expectancies; Fear_Total and 

Avoid_Total = Total sum of Fear and Avoidance items from the Liebowitz Social Anxiety Scale (LSAS); FearXpos and Avoidxpos= 

Interaction term of LSAS Fear x PSEQ Positive Expectancies and LSAS Avoid x PSEQ Positive Expectancies 
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Bivariate Correlations Examining Self-Reported and Physiological Responding with Past Year NMPS Use 

Variable 1 2 3 4 5 6 7 8 9 10 

1. NMPS_12
_ 

-.21 -.02 -.10a .18 .19a -.03a -.24a -.34 -.22a

2. S_Baseline _ .69** .70a** -.07 .14a .30a -.31a .02 .53a 

3. S_PostPrep _ .82a** .68** .67a* -.15a -.28a .19 .50a 

4. S_PostSpeech _ .45a .81a** .44a -.42b .21a .55b 

5. S_ ΔPrep-Base _ .70a** -.42a -.07a .25 .14a 

6. S_ ΔSpeech-Base _ .36a -.38b .13a .22b 

7. S_ ΔSpeech-Prep _ -.30b -.21a .05b 

8. C_Baseline _ .71a** -.61a* 

9. C_PostSpeech _ .12a 

10. C_ ΔSpeech-Base _ 

Note: ‘S’ denotes State anxiety assessment from the State Trait Anxiety Inventory which has a reportable range of 20-80; ‘C’ 

denotes cortisol assessment; ‘ΔPrep-Base’ reflects the Post Preparation values – Baseline values, ‘ΔSpeech-Base’ reflects the 

Post Speech values – Baseline values, ‘ΔSpeech-Prep’ reflects Post Speech values – Post Preparation values.  Due to missing 

data associated with S_PostSpeech and C_Baseline, subscripts ‘a’ and ‘b’ were added denoting sample sizes of n = 13 and n = 

11, respectively.  Coefficients with missing subscripts indicate a sample size of n = 15 with no missing data.  

* p ≤ .05, ** p ≤ .01.

Table 6 

49



Informed 
Consent 
(Phase 1)

Unselected 
online survey

(n = 1,604)

Thanked and 
Compensated 

(SONA 
Credit)

Participants 

meeting Phase 2 

eligibility criteria 

contacted 

(n = 200)

Figure 1. Procedural outline. This figure illustrates the entire procedure beginning with the online 

screening and outlines each laboratory task that participants will be asked to complete. 

Informed Consent (Phase 2)

Laboratory participation

(n = 15)

Mouth rinse

Restriction Adherence 
Interview

Laboratory 
Habituation/Questionnaires

Speech Task

(see Figure 2 for details)

Questionnaires

Thank/Debrief/Compensate 
(SONA Credit or $20)
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Baseline Speech Prep Speech Recovery 

20 min 3 min 5 min 20 min 

STAI #1/ 

SS #1 STAI #2 STAI #3 SS#2 

Figure 2. Detailed procedural outline of speech task completed by participants including when 

assessments were given and saliva samples were collected in the laboratory (Phase 2). STAI= 

State Trait Anxiety Inventory (State form only), #1=Baseline, #2=Post-Prep, #3=Post-Speech; 

SS=Salivary Sample collected, #1=Baseline, SS#2=Post-Speech 
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Figure 3. Histograms depicting the distributions of past year non-medical prescription stimulant 

use within the total sample (top left), among those who reported lifetime use (top right), those who 

were eligible for phase 2 (bottom left), and those who participated in phase 2 (bottom right) 
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APPENDIX A 

QUESTIONNAIRES 
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Demographics 

1. Age: ______ years old

2. Biological Sex: Male        Female Other (Please Specify):______________ 

2. Gender: Male        FemaleOther (Please Specify):______________ 

3. How would you classify your sexual orientation?

Straight/heterosexual  Gay/homosexual  Bisexual  Questioning/Unsure 

Other (Please Specify):_________________ 

4. Race/Ethnicity (please select all that apply):

Asian American          Latino/a American/ Hispanic 

African American (Black)            Native American/Alaskan Native 

European/White/Caucasian Other (Please Specify):_________________ 

9. Class Rank:

(1)  Freshman (3)  Junior

(2)   (4)  

11. Major: _____________________12. Overall GPA: ______13. Desired GPA: _____

19. Post-Graduation Plans:

(1)  Pursue another bachelor’s        (3)  Find Work              (5)  Unsure 

(2)  Graduate School      (4)  Take a Break    (6)   Other (Please Specify):________ 
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Mental Health 

1. Have you ever been diagnosed with Attention-Deficit/Hyperactivity Disorder, sometimes

called ADHD, ADD, or Hyperactivity?

(1) Yes  (2) No 

2. If answered “yes” to question, are you currently prescribed ADHD medication?

(1) Yes  (2) No 

3. If yes, please list the medication(s) and dosage(s): _________________________

4. If no, have you ever been prescribed ADHD medication?

(1) Yes  (2) No 

5. If yes, please list the medication(s) and dosage(s): _________________________

10. Are you currently taking any medications? (1) Yes  (2) No 

11. If yes, please list the name of the medication(s) and dosage(s).
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Sample Restriction/ Screener Form 

Did participants do any of these 1 hour prior to laboratory visit: 

1. Eating? □  NO   □  YES

2. Teeth-brushing? □  NO   □  YES

3. Exercise? □  NO   □  YES

4. Drinking? □  NO   □  YES

If YES to any, please describe: _________________________________________________ 

Did participant go to the dentist in the 24 hours prior to the sampling? □  NO   □  YES 

Did the participant have a fever during the sample day? □  NO   □  YES 

Did the participant have any significant mouth injury (bleeding) during the sampling day? 

□ NO   □  YES

Did the participant have any stressful events (e.g., major exams) in the past 24 hours? 

□ NO   □  YES

Does the participant have any stressful events (e.g., major exams) planned in the next 48 hours? 

□ NO   □  YES

Is the participant regularly taking psychotropic, allergy, or oral contraceptive medication? 

□ NO   □  YES

If YES, type, dose, and duration: ________________________________________________ 

Has the participant taken any psychotropic, allergy, or other medication in the past 48 hours? 

□ NO   □  YES

If YES, type, dose, and duration: ________________________________________________ 

**FEMALES ONLY** 

When was the first day of participant’s most recent period? 

Researcher – convert to number of days prior to current day    _____________days ago 

Any reason to believe participant currently pregnant? □ NO   □  YES
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APPENDIX B 

MODIFIED TRIER SOCIAL STRESS TEST PROCEDURE 
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Background on Modified Trier Social Stress Test 

The TSST has a long history of use as a safe social stress induction task (e.g., Buske-Kirschbaum 

et al., 1993) and is the most commonly used standardized procedure in stress reactivity studies 

(Kudielka & Wust, 2010). The current materials were based off of a recently published 

modification (Richardson, Rice, & Devine, 2013) that attempts to tailor the social “situation” to 

reflect that of what the participant is likely to anticipate in the near future. Selection of the 

prompt will be based on a demographic question (i.e., “what are your plans after you graduate?”) 

asked in the online questionnaire.  

Baseline Assessments 

**STAI1** 

**Salivary Sample 1** 

Speech Instructions 

RA 1: “We’re going to ask you to pretend that you’ve applied for a (a new job/graduate 

school) and out of many applicants you’ve been invited to present yourself to the 

(employment/graduate student) committee so that you may convince them that you are in 

fact the best candidate for the position. In your presentation, you will want to discuss your 

personal strengths, however please say at least one bad thing about yourself. Overall, your 

job is to convince your potential (employers/graduate school professors) that they will 

really like you and that you will be a good (employee/student).  While you talk, we are 

going to listen and take notes form the other room. You have some time to prepare. You 

may take notes or write things to talk about on this paper, but you may not use them while 

you talk. Do you have any questions right now?” 

Answer the participant’s questions. Leave room, door closed, for prep time.  

Preparation time: 3 minutes 

If subject says that they’re ready before 3 minutes, please say “We’ll be ready in a moment” to 

standardize prep time.   

After three minutes:  

“Okay, we’re almost ready. Before we begin, I’m going to have to take your notes from you 

(TAKE NOTES FROM PARTICIPANT) and have you answer some more questions like 

you did before.” 

Administer STAI 2 and say: 

“Please knock on the table when you are finished.” 

After they knock, re-enter and say: 

 “We’re ready to begin! (HELP PARTICIPANT STAND UP) Please stand at the marked 

spot, and look into the camera. You may begin speaking once I leave the room; we will let 

you know when your time is up.” 

Speech task: 5 minutes  

Leave room (door open) and monitor from Lorex viewing station.  

The participant should begin a free speech. You may interrupt if the participant does not follow 

instructions (e.g., If the participant asks how long the speech is, say 5 minutes.) 

If they stop: 

58



“You still have a little time to talk. Can you tell me a little more about ‘that’ ?” (Pick 

something participant already said). 

After 5 minutes are up, participant may stop. 

Reactivity Assessments 

**Administer STAI 3** 

**After 20 minutes of rest/responding to questionnaires collect Saliva Sample 2** 
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