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ABSTRACT 

 
 Children who have been exposed to a natural disaster in their lifetime comprise a 

significant population with specific risks and vulnerabilities related to their disaster exposure. 

The risk of experiencing these problems may be particularly enhanced for at-risk youth who may 

have unique needs in instances of disaster or emergency. The goal of the current study was to 

examine the role that severity of disaster exposure plays in determining the timing of substance 

use initiation (cigarettes, alcohol, marijuana) and the frequency of use four years later in a 

sample of at-risk, aggressive youth exposed to a devastating tornado. Of further interest was an 

examination of temperamental (fear and inhibitory control) and social variables (peer 

victimization) that may moderate the effect of disaster exposure as it predicts substance use. 

 Results indicated that disaster exposure severity predicted increases in the use of some 

substances four years after the tornado but was not predictive of initiation. Instead, the effects of 

exposure severity were dependent on levels of temperamental fear, with exposure severity 

predicting increases in risk for alcohol use initiation only for youth high in fear. Additionally, 

greater levels of inhibitory control protected youth from earlier alcohol use initiation. However, 

while greater levels of inhibitory control and fear individually protected youth from substance 

use, the combination of greater inhibitory control and fear predicted increases in frequency of 

alcohol use. Peer victimization was also predictive of later substance use frequency but not 

initiation. Findings highlight a need to research the initiation and frequency of use for substances 

individually, while also assessing the needs of youth exposed to natural disasters with both their 

degree of disaster exposure and specific temperamental and social characteristics in mind.



iii 

 

DEDICATION 

 This thesis is dedicated to 26-year-old Steve. You never gave up on us, even when 

everyone else did. And to my Hannah. Thank you for always believing in me. You are finer than 

silver and brighter than gold.



iv 

 

LIST OF ABBREVIATIONS AND SYMBOLS 

a  Cronbach’s index of internal consistency  

B Beta value: the probability of making a Type II error (accepting the null hypothesis when 

 the null hypothesis is false) 

 

CI Confidence interval: a range of plausible values for an unknown parameter, rather than a 

 single estimate 

 

e.g. Exempli gratia: for example  

HR Hazard ratio: an estimate of the ratio of the hazard rate in a treatment versus control 

 group    

 

i.e. Id est: that is   

p Probability associated with the occurrence under the null hypothesis of a value as 

 extreme as or more extreme than the observed value  

 

SD Standard deviation: a measure of the amount of variation or dispersion of a set of values 

 

< Less than  

= Equal to 

± Plus, or minus 1



v 

 

ACKNOWLEDGMENTS  

 I am so humbled and grateful to have this opportunity to thank the many beautiful people 

who offered me both instrumental and emotional support over the last few years. To my amazing 

family, friends, colleagues, and faculty members at the University of Alabama, thank you. I am 

so unbelievably indebted to you all. In particular, I want to acknowledge the support, 

encouragement, and guidance of Kristina McDonald. Kristina, thank you for guiding me toward 

research I find truly important and equally rewarding. Thank you as well for the countless edits 

to and distillations of my manuscript. If the raw form of this project was a result of my effort, 

then the final product is legible only as a result of your refinement. I also want to thank my 

committee members John Lochman and Tricia Witte. John, thank you for encouraging me to 

pursue new and interesting research with this data, and thank you for challenging me to consider 

the implications of my findings, along with the resulting questions generated by them. Tricia, 

thank you for your continued support and encouragement as I explored these outcomes. I’ve 

truly enjoyed learning from you and exploring these questions with your guidance.  

This research also would not have been possible without the support of my friends and family. 

Specifically, Joe, Tony, mom, dad, and Matthew, there isn’t an easy way to explain what you all 

mean to me, and I simply don’t have the time to write another thesis. 



vi 

 

CONTENTS 

ABSTRACT................................................................................................................................... ii  

DEDICATION............................................................................................................................... iii  

LIST OF ABBREVIATIONS AND SYMBOLS.......................................................................... iv  

ACKNOWLEDGMENTS ............................................................................................................. v  

LIST OF TABLES...................................................................................................................... viii  

LIST OF FIGURES ...................................................................................................................... ix  

1. INTRODUCTION ..................................................................................................................... 1  

2. METHODS .............................................................................................................................. 17 

a. Participants ............................................................................................................................... 18 

b. Procedure ................................................................................................................................. 19 

c. Measures................................................................................................................................... 19 

d. Analysis plan ............................................................................................................................ 21 

3. RESULTS ................................................................................................................................ 25  

a. Preliminary analysis ................................................................................................................. 25 

b. Initiation ................................................................................................................................... 27 

c. Frequency ................................................................................................................................. 29 

4. DISCUSSION........................................................................................................................... 35  

REFERENCES ............................................................................................................................ 45  

APPENDIX A1 ............................................................................................................................ 73 

APPENDIX A2 ............................................................................................................................ 74



vii 

 

 

APPENDIX A3 ............................................................................................................................ 75 

APPENDIX A4 ............................................................................................................................ 76 

  



viii 

 

LIST OF TABLES  

1. Life table ........................................................................................................................... 58  

2. Cox regression for smoking initiation .............................................................................. 59 

3. Cox regression for alcohol initiation ................................................................................ 60 

4. Cox regression for marijuana initiation ............................................................................ 61 

5. ZINB smoking outcomes w/temperamental variables ...................................................... 62 

6. ZINB smoking outcomes w/social variables .................................................................... 63  

7. ZINB alcohol outcomes w/temperamental variables ........................................................ 64 

8. ZINB alcohol outcomes w/social variables ...................................................................... 65 

9. ZINB marijuana outcomes w/temperamental variables .................................................... 66 

10. ZINB marijuana outcomes w/social variables .................................................................. 67 

11. Correlations of variables of interest and smoking initiation ............................................. 73 

12. Correlations of variables of interest and alcohol initiation ................................................74 

13. Correlations of variables of interest and marijuana initiation ............................................75 

14. Correlations of variables of interest and frequency outcomes ........................................... 76 

 

 

 

 

 

 

 

 

 

 

 



ix 

LIST OF FIGURES 

 

1. Kaplan-Meier plot of effect of inhibitory control ............................................................. 67  

2. Kaplan-Meier plot of fear and exposure interaction .......................................................... 68 

3. Line graph depicting interaction of inhibitory control and exposure ................................ 59 

4. Line graph depicting interaction of fear and inhibitory control ....................................... 60 



 

 

 1 

 

 

1. INTRODUCTION 

 Natural disasters have both immediate and long-lasting effects on the mental health of 

those exposed to them (e.g., Koplewicz et al., 2004; Silverman & La Greca, 2002; Weems & 

Overstreet, 2008). A fundamental reason for this being that exposure to a natural disaster is often 

traumatic and serves to threaten basic human safety, needs, and goals (Weems & Overstreet, 

2008). The period following exposure to this form of trauma presents significant challenges to 

the individuals and communities affected (National Commission on Children and Disasters 

[NACCD], 2010). While some are resilient to the distress brought upon by a natural disaster, 

others experience significant mental health troubles, including problems such as substance use 

(e.g., Adams et al., 2015; Cepeda et al., 2010; Rohrbach et al., 2009). Furthermore, the risk of 

experiencing these problems is particularly enhanced for children and adolescents, who have 

unique needs in instances of disaster or emergency (NACCD, 2010). 

 Children who have been exposed to a natural disaster in their lifetime comprise a 

significant population with specific risks and vulnerabilities related to their disaster exposure 

(Becker-Blease et al., 2010). Children under the age of 18 comprise nearly 25% of the United 

States’ population, or 74 million Americans (NACCD, 2010). According to data collected from 

the Developmental Victimization Survey (DVS), a nationally representative sample of 2,030 

children aged 2–17 living in the contiguous United States, 13.9% reported having been exposed 

to a disaster at least once in their lifetime. It is important to understand how these children react 

to natural disasters (NACCD, 2010), as they may experience severe reactions to stress following 
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disaster exposure, including clinical and behavioral health issues such as functional impairments, 

posttraumatic stress disorder (PTSD), depression, and substance use (Koplewicz et al., 2004). 

 Children and adolescents experience trauma differently than adults and may not have 

developed the requisite skills needed to effectively cope with the stressful situations they face 

(Liles, 2015). These coping skills develop alongside other crucial capabilities such as 

communication, cognition, and other social skills (Liles, 2015). Typically, in the aftermath of a 

natural disaster, children and adolescents experience internalizing disorders such as anxiety, 

depression, and post-traumatic stress (e.g., Adams et al., 2015; Banks & Weems, 2014; Cepeda 

et al., 2010; La Greca et al., 2010; Rohrbach et al., 2009). Additionally, disasters experienced 

during adolescence coincide with a period of development that is marked with vulnerability to 

substance use (Patrick & O'Malley, 2015).  

 Concerning the typical pattern of adolescent substance use development, various 

epidemiological studies have found that substance use steadily increases between the ages of 12 

to 18 (Petraitis et al., 1995). According to the National Institute on Drug Abuse (NIDA, 2020), 

by the time children enter their senior year in high school, 70% will have tried alcohol, 50% will 

have taken an illegal drug, 40% will have smoked a cigarette, and 20% will have used a 

prescription drug for nonmedical purposes. Potentially influencing this development are various 

traumatic experiences that may increase the risk of substance use (Khoury et al., 2010). Several 

studies have found that a history of trauma is positively associated with alcohol use, cigarette 

smoking, use of marijuana or other illegal drugs, and substance use disorder in adolescents (e.g., 

Dembo et al., 1992; Giaconia et al., 2000; Hernandez et al., 1993).  

 Concerning natural disasters, specifically, studies have shown that exposure to this form 

of environmental trauma may predict increases in substance use for adolescents (Danielson et al., 
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2017; Rohrbach et al., 2009). For example, in a population-based study of 2,000 families 

exposed to a tornado, it was found that greater tornado exposure severity predicted greater 

adolescent alcohol consumption, with greater family tornado exposure being associated with a 

greater number of cigarettes smoked for females (Danielson et al., 2017). Given the high 

prevalence of disasters (Kessler et al., 1995), and the teenage years presenting a critical window 

of vulnerability to substance use disorders, unveiling potential risk factors for substance use 

among disaster-exposed adolescents is critical (Danielson et al., 2017).  

 There are also likely pre-disaster temperamental and social factors that may influence the 

course of recovery following disaster exposure (e.g., Banks & Weems, 2014; La Greca et al., 

2010). Unfortunately, there is a scarcity of research concerning the moderating influence of pre-

disaster functioning in the relationship between disaster exposure and negative outcomes post-

disaster (Banks & Weems, 2014). The exceptions have focused on resulting internalizing 

symptoms such as post-traumatic stress, depression, and anxiety (e.g., Danielson et al., 2017; 

Kopola-Sibley et al., 2016; McDonald et al., 2019). Exploring the influence of these variables is 

of critical importance as trauma-exposed youth often demonstrate multiple psychiatric problems 

beyond post-traumatic stress, one of the most detrimental being substance use (Danielson et 

al., 2010). Thus, the goals of the current study are to (a) examine the role that disaster exposure 

plays in the development of substance use in adolescents and (b) explore pre-disaster 

temperamental and social factors that may moderate the relationship between disaster exposure 

severity and substance use in adolescents.  

The 2011 Alabama Tornado 

 During the Spring of 2011, portions of the Southern United States and Missouri 

experienced an unprecedented outbreak of tornadoes (Adams et al., 2015), with Alabama being 
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one of the states most directly impacted. On Wednesday, April 27th, 2011, Alabama was ravaged 

by an EF4 multiple vortex tornado, which delivered catastrophic damage to portions of 

Tuscaloosa and Birmingham. At its peak, the Alabama tornado reached winds of 190mph, a 

maximum width of 1.5 miles, and resulted in 65 fatalities and 15,000 injuries. By its end, the 

tornado had left behind 80.7 miles of damage across Greene, Tuscaloosa, and Jefferson counties. 

Total property damages reached $2.4 billion, making it the costliest tornado in the United States 

at that time (National Centers for Environmental Information [NCEI], 2017).  

 Unsurprisingly, adolescents exposed to these tornadoes experienced significant 

psychological distress (Danielson et al., 2017). In a study conducted on a population-based 

sample of adolescents and caregivers affected by the 2011 tornadoes in Alabama and Missouri, it 

was found that adolescents aged 12 to 17 experienced negative mental and emotional 

consequences stemming from varying degrees of disaster exposure, with 6.7% of adolescents 

meeting diagnostic criteria for PTSD and 7.5% meeting the criteria for major depressive episodes 

(MDE) roughly 8 months after tornado exposure (Adams et al., 2014). In a follow up study, it 

was found that approximately one-quarter of adolescents who met criteria for PTSD (26.9%) or 

MDE (22.7%) also met the threshold for probable substance use disorder (SUD), with severity of 

disaster exposure contributing heavily to the development of these mental health problems 

(Adams et al., 2015). 

Disaster Exposure 

 It has been consistently observed that severity of disaster exposure is predictive of post-

disaster mental health problems in young people (e.g., La Greca et al.,1996; Weems et al., 2007). 

For instance, the development of post-traumatic stress is positively correlated with the severity of 

the disaster exposure (e.g., İkizer et al., 2016; Lonigan et al., 1994). Additionally, proximity to 
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disaster exposure can contribute to the level of post-traumatic stress experienced by a child 

following a disaster (Lonigan et al., 1994).  

Another factor that can affect post-disaster well-being of adolescents is the type of 

disaster exposure experienced (e.g., Silverman & La Greca, 2002; Weems et al., 2007).  

According to the National Commission on Children and Disasters (NCCD, 2010), experiencing 

physical injury or pain associated with direct exposure to the disaster can cause children to be at 

high risk for developing mental health problems post-disaster. Exposure to prolonged and 

extensive damage caused by a natural disaster (e.g., witnessing first-hand the impact of tornado) 

can also result in severe emotional consequences for adolescents (Silverman & La Greca, 2002). 

Even indirect exposure to disaster, in the form of frightening imagery and graphic content on 

TV, can also overwhelm youth, leading to anxiety and other emotional disruptions associated 

with re-traumatization (Koplewicz et al., 2004).  

Exposure and Substance Use 

 Although post-traumatic stress is the most common negative consequence of exposure to 

disaster for adolescents, substance use is also common (Adams et al., 2015). For example, 

Cepeda and colleagues (2010) found in a sample of displaced Hurricane Katrina survivors that 

one-third reported increases in their tobacco, alcohol, or marijuana use after the storm, with 

younger evacuees more likely to report increases in alcohol and tobacco use 8-14 months later. 

Positive relationships have also been observed between the number of post-traumatic events 

experienced and substance use in adolescence, such that strong associations exist between the 

type and frequency of childhood post-traumatic events and the use of various substances in 

adolescence (Khoury et al., 2010). In a sample of high school students exposed to Hurricane 

Rita, Rohrbach et la., (2009) found that exposure to the hurricane along with post-hurricane 
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negative life events predicted increases in cigarette, alcohol and marijuana use, with increases in 

marijuana use being best predicted by objective exposure alone. A greater loss of services and 

resources during a natural disaster has also been shown to be associated with adolescent 

substance use (Adams et al., 2015).   

Risk or Protective Factors 

 The impact of exposure to a natural disaster on youth is also influenced by various pre-

disaster social and temperamental factors (e.g., Banks & Weems, 2014; La Greca et al., 2010; 

Pfefferbaum et al., 2015). Research has consistently found that a child’s age, sex, and ethnicity 

may also determine the course of post-traumatic stress symptoms (PTSS) after disaster exposure 

(NCCD, 2010). In a study conducted by Udwin, and colleagues (2000) on young adults 5 to 8 

years after a shipping disaster, the development of PTSD following the disaster was significantly 

related with pre-disaster factors such as learning difficulties, psychological difficulties, and 

violence in the home. For those who developed PTSD, its duration and severity were best 

predicted not by objective and subjective disaster-related factors, but by pre-disaster social, 

physical, and psychological difficulties in childhood.  As observed by Lengua et al., (2005) in a 

sample of children 9-14 years old exposed the terrorist attacks on 9/11, pre-attack self-esteem 

and social competence were related to lower PTSS approximately 6 months after exposure, 

highlighting the protective effects of self-esteem and social competence in the development of 

negative outcomes following a disaster or traumatic event.  

 These studies demonstrate that although disaster exposure alone can account for a myriad 

of negative outcomes in adolescents, certain pre-disaster variables also play an important role in 

determining the course of mental health problems post-disaster. However, these studies did not 

explore the moderating influence of these pre-disaster variables on disaster exposure severity as 
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it predicts youth outcomes, substance use specifically.  Thus, the current study will examine how 

pre-disaster temperament and social functioning may interact with disaster exposure severity to 

place some youth at more risk for substance use after a natural disaster. 

Pre-Disaster Temperament 

 An important prospective pre-trauma predictor of negative reactions following disaster 

exposure is child temperament (Salmon & Bryant, 2002). Child temperament refers to qualities 

such as emotionality and self-regulation that are physiologically based and generally stable over 

the course of development (Rothbart, 2007). One component of temperament is negative 

emotionality, which is defined as a heightened sensitivity to negative environmental stimuli and 

a tendency to experience negative emotions (Rothbart, 2007). Numerous studies have 

demonstrated that negative emotionality is related to both internalizing and externalizing 

problems (e.g., Rothbart & Bates, 1998; Eisenberg et al., 2009). It has also been demonstrated 

that negative emotionality and poor self-regulation in childhood may contribute to adverse 

adjustment following a traumatic event (Salmon & Bryant, 2002).  

 Similarly, negative affectivity (NA) is broadly defined as a tendency toward feelings of 

emotional distress (Mineka et al., 1998). It is a construct that underlies unpleasant and negative 

emotions such as fear, anxiety, sadness, anger, guilt, and shame (Mineka et al., 1998). Generally, 

individuals exhibiting high levels of NA tend to experience higher levels of distress, 

dissatisfaction, tend to dwell more frequently on negative life events (Clark & Watson, 1999), 

and exhibit an attentional bias toward adverse stimuli and life-threatening events (Watson & 

Pennebaker, 1989). Children who exhibit higher levels of NA are subsequently less able to 

modulate their emotions in response to traumatic events, increasing their risk for developing 

psychological disorders following a disaster (Charuvastra & Cloitre, 2008).  
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 Past studies have demonstrated that pre-existing NA and tendencies toward NA can serve 

as a significant risk factor for the development of post-traumatic stress responses in adolescents 

exposed to a natural disaster (eg. Lonigan et al., 1994; Weems et al., 2007). In a study of youth 

exposed to Hurricane Hugo, trait anxiety (i.e., a stable tendency to experience negative emotions 

across many situations) was found to be the strongest predictor of post-traumatic stress (Lonigan 

et al., 1994). Trait anxiety and negative affect were also found to be predictive of the 

development of PTSS in a sample of youth exposed to Hurricane Katrina (Weems et al., 2007). 

Weems et al., (2007) also found that pre-disaster emotional and behavioral difficulties further 

influenced the recovery process in this sample.  

Unsurprisingly, NA can exacerbate the effects of traumatic exposure to a natural disaster, 

resulting in various negative outcomes (Weems et al., 2007). For instance, Kopala-Sibley et al. 

(2016) found that aspects of NA moderated how levels of disaster-related stress predicted 

internalizing symptoms in children after a hurricane. Specifically, higher levels of stress from 

Hurricane Sandy predicted depressive symptoms only in participants with high levels of 

temperamental sadness and predicted anxiety symptoms only in participants with high levels of 

temperamental fearfulness (Kopala-Sibley et al., 2016).  

 Pre-existing NA has also been linked to the development of substance use problems in 

adolescents (Wills et al., 1999). Theories are mixed as to the reason for this development; 

however, various studies posit that individuals with affective disturbances are likely to consume 

substances as they provide a distraction from adverse moods and emotions (Measelee et al., 

2006). Colder and Chasin (1997) found that high levels of NA were associated with alcohol 

consumption, suggesting that adolescents with high levels of NA may likely cope with their 

distress through alcohol use. In addition to higher levels of NA, low levels of positive affect have 
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also been found to be associated with the development of substance use in adolescents (Wills et 

al., 1999).  

 There exists, however, a lack of consistency in the operationalization of NA (Pardini et 

al., 2004). A significant contributing factor for this is the use of different measures to assess the 

construct (Pardini et al., 2004). Bifactor models suggest that NA is comprised of two main 

components; fear and distress (Ebesutani et al., 2011), with the former corresponding with 

external criterion measures of anxiety and at the latter corresponding to external criterion 

measures of depression (Ebesutani et al., 2011). Other attempts to dismantle NA suggest that it 

may consists of at least three distinct constructs; anger, sadness, and fear, with each contributing 

to developmental outcomes differently (Pardini et al., 2004).  

 Fear. Fear (also commonly referred to as temperamental fear, trait fear, fearfulness, or 

fear reactivity) is an important element of NA and can be described as a tendency to react with 

fear in the presence of threatening or novel situations (Pardini et al., 2004). It is a construct that 

has been described as similar in form and function to trait anxiety (Ebesutani et al., 2011). 

However, it has also been suggested that fear and anxiety are largely distinct emotions (Sylvers 

et al., 2011). For example, in a meta-analysis examining the clinical conceptualizations of fear 

and anxiety, Sylvers et al. (2011) found that only a moderate relationship existed between 

measures of trait fear and anxiety, evincing two separable emotional constructs. 

 A child’s tendency to experience fear in dangerous situations has shown to increase the 

risk for development of PTSD symptoms following a disaster (Evans & Oheler-Stinnett, 2008; 

Terranova et al., 2009). In a study concerning the course of post-traumatic stress development in 

adolescents exposed to a hurricane, Terranova et al., (2009) found that fear reactivity predicted 

more severe PTSD symptoms 1.5 months following the disaster. It has also been proposed that 
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youth with high fear reactivity are likely to experience higher levels of fear during natural 

disasters than their peers, increasing the association between hurricane exposure and post-

traumatic stress (Terranova et al., 2009).  

 However, concerning the development of substance use, temperamental fear may serve 

an inhibitory function, reducing the likelihood of substance use in adolescents (Pardini et al., 

2004). Generally, findings indicate that while the overall association between NA and substance 

use is positive, fear is inversely related to adolescent substance use (Pardini et al., 2004). It has 

also been shown that children with low levels of fear are at increased risk for initiating substance 

use (Masse & Tremblay, 1997) and developing early-onset alcohol abuse (Cloninger et al., 

1988). Thus, there may be an inverse relation between temperamental fear and substance use in 

adolescence (e.g., Kaplow et al., 2001; Pardini et al., 2004).  

 However, it has also been demonstrated that possible manifestations of excessive fear 

following a traumatic event include internalizing problems such as post-traumatic stress, 

depression, and anxiety (Kopala-Sibley et al., 2016). In a large sample of children exposed to 

Hurricane Sandy, Kopala-Sibley et al. (2016) found that higher levels of stress from the 

hurricane predicted increases in anxiety, but only in children characterized as high in 

temperamental fear. Further, according to the negative affect regulation model (Colder et al., 

2010), individuals who experience high levels of anxiety may alleviate the severity of their 

symptoms through substance use (Brady et al., 2013). Increases in temperamental fear are also 

predictive of PTSD (Evans & Oheler-Stinnett, 2006), with PTSD and substance use comorbidity 

being documented in adolescents (e.g., Giaconia et al., 2000; Perkonigg et al., 2000). Given these 

findings, it may also be possible that increased temperamental fear exacerbates how exposure 

predicts later substance use in adolescence.  
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 Unfortunately, research has not yet been conducted examining the potential moderating 

effect of pre-disaster fear on the relationship between disaster exposure severity and later 

substance use. The current study will examine this question. To summarize, it is hypothesized 

that children who exhibit higher levels of fear prior to a tornado will initiate substance use later 

and engage in less frequent substance use 4 years post-tornado than those with lower levels of 

fear. However, it is also hypothesized that higher levels of temperamental fear may exacerbate 

how exposure predicts these outcomes. 

 Inhibitory control. Inhibitory control is defined as the capacity to inhibit an automatic 

thought or action in favor of a more desirable response (Davidson et al., 2006). It is a construct 

that is central to the self-regulation of problem behavior (de Ridder et al., 2012). Fundamentally, 

better regulatory abilities have been shown to weaken the association between adversity and 

maladjustment (e.g., Loukas & Roalson, 2006; Silk et al., 2006). Furthermore, low inhibitory 

control has consistently been linked to adolescent substance use and misuse (Iacono et al., 1999). 

For example, Tarter et al., (2003) demonstrated that neurobehavioral disinhibition at age 16 

predicted substance use disorder at age 19. Similarly, Nigg et al. (2006) demonstrated that poor 

task performance on a response inhibition task predicted illicit drug use in at-risk adolescents.  

Low inhibitory control has also been linked to psychological problems in the wake of a 

natural disaster. In a sample of youth exposed to Hurricane Katrina, Terranova et al. (2009) 

found that regulatory abilities, as measured post-disaster, were associated with less severe PTSD 

symptoms even when controlling for other potential risk factors, including fear reactivity, peer 

victimization, and negative coping style. Furthermore, greater regulatory abilities also moderated 

the association between hurricane exposure and PTSD in this sample by weakening the link 

between exposure and PTSD. Various studies have also shown that emotional dysregulation 
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(emotional responses that are poorly modulated or regulated) may serve to moderate the 

relationship between trauma exposure and substance use (Mandavia et al., 2016).  

 Unfortunately, there are no studies that have specifically assessed the moderating 

influence of inhibitory control on disaster exposure severity as it predicts adolescent substance 

use following a natural disaster. Thus, the current study will examine how pre-tornado inhibitory 

control may moderate how disaster exposure predicts adolescent substance use initiation and 

frequency. It is hypothesized that children who exhibit lower levels of inhibitory control pre-

tornado will likely initiate substance use earlier and engage in more frequent substance use 4 

years post-tornado than those with high levels of inhibitory control. We also expect inhibitory 

control to serve a protective function in the relationship between disaster exposure severity and 

substance use initiation and frequency, whereby higher levels of inhibitory control will mitigate 

how disaster exposure severity predicts these outcomes. 

 Furthermore, inhibitory control may moderate how negative mood states are associated 

with substance use initiation in adolescents. For example, Pardini et al., (2004) found that 

increased anger and decreased fearfulness predicted an increased risk for alcohol use initiation 

for boys with lower levels of inhibitory control, whereas depressed mood predicted alcohol use 

initiation for boys with higher inhibitory control. Thus, the study will also consider the 

interaction of inhibitory control and fear as it predicts substance use initiation and frequency. It is 

hypothesized that children characterized as low in inhibitory control and temperamental fear pre-

tornado will initiate substances earlier and engage in more frequent substance use 4 years post-

tornado than those characterized as high in either. The 3-way interaction of fear, inhibitory 

control, and exposure will also be examined. It is hypothesized that while the combination of 

lower levels of fear and inhibitory control will increase the likelihood of early substance use 
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initiation and increased substance use frequency, the interaction of low inhibitory control with 

higher levels of fear and greater disaster exposure severity will predict earlier substance use 

initiation and more frequent substance use in this sample.   

Pre-Disaster Social Factors 

 Along with temperament, various social factors have also been shown to profoundly 

impact individual recovery following a natural disaster (NCCD, 2010). Numerous studies have 

served to highlight the role that social support plays in determining post-disaster outcomes such 

as PTSS, anxiety, and depression in adolescents (e.g., Banks & Weems, 2014; La Greca et al., 

2010; Pfefferbaum et al., 2015). This is partially due to the fact that those with stronger sources 

of social support tend to cope better with life stressors than those without (Cohen, 2004). Even 

the perceived availability of social support is enough to aid individuals in coping with 

psychological distress following a natural disaster, as well as buffer the effects of disaster 

exposure (Cohen, 2004). Inversely, perceiving low levels of social support pre- and post-disaster 

seems to increase individuals’ vulnerability to adverse psychological consequences of disaster-

related stressors (Lowe et al., 2010; Terranova et al., 2009).  

Peer victimization. Peer victimization is a factor that has been shown to have a 

detrimental effect on recovery following a natural disaster (Terranova et al., 2009). Whereas 

positive treatment from peers (e.g., social support) decreases the risk of PTSD symptoms in 

youth (La Greca et al.,1996; Vernberg et al., 1996), negative peer treatment (i.e., peer 

victimization) likely increases the risk for PTSD symptoms (Terranova et al., 2009). As 

previously discussed, post-disaster stressful life events are associated with the emergence and 

course of PTSD symptoms in youth (La Greca et al., 1996) and peer victimization is one of the 

more common and distressing social stressors that youth face in late childhood and early 
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adolescence (eg. Crick & Bigbee, 1998; Nansel et al., 2001). Thus, following exposure to a 

natural disaster, frequent peer victimization may increase PTSD symptoms and hinder recovery 

from these symptoms over time, particularly as youth enter adolescence (Terranova et al., 2009).  

However, children’s pre-disaster peer victimization may also serve to sensitize youth to 

post-traumatic stress following exposure to a natural disaster (Terranova et al., 2009). 

Furthermore, the development of post-traumatic stress may further increase the risk of continued 

peer victimization (Terranova et al., 2009). However, there are no studies that have specifically 

assessed the role of pre-disaster peer victimization, as measured pre-disaster, in predicting levels 

of PTS. Furthermore, there are no studies that have examined the moderating influence of pre-

disaster peer victimization, as measure pre-disaster, in the relationship between disaster exposure 

severity and PTS.  

 Similarly, when considering externalizing symptoms, such as substance use, there are no 

studies that have examined the moderating influence of pre-disaster peer victimization on the 

relationship between disaster exposure and substance use in adolescents (Cohen et al., 2016). 

However, peer victimization has been found to negatively influence the psychological well-being 

of adolescents leading to difficulties such as poor adjustment, low self-esteem, suicidal thoughts, 

and drug use (Reinherz et al., 2003). Furthermore, evidence suggests that internalizing problems, 

characterized by inhibition and negative mood states, play a role in associations between peer 

victimization and substance use (Earnshaw et al., 2017). Specifically, peer victimization may 

play a role in promoting depressive symptoms, which can lead to greater substance use in youth 

(Earnshaw et al., 2017). In a large sample of youth, it was found that more experiences of peer 

victimization in the fifth grade led to more depressive symptoms in seventh grade, which was 
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associated with an increased likelihood of alcohol, marijuana and tobacco use in the tenth grade 

(Earnshaw et al., 2017).  

 Thus, the current study will investigate how prior peer victimization may predict 

substance use after a natural disaster and moderate how exposure is predictive of substance use. 

It is hypothesized that children who experience higher levels of peer victimization prior to a 

tornado will initiate substance use earlier than those who experience lower levels of peer 

victimization. Furthermore, we expect higher levels of peer victimization to exacerbate how 

disaster exposure severity predicts substance use initiation and frequency 4 years post-tornado, 

whereby higher levels of peer victimization will increase the effect of exposure on substance use 

initiation and substance use frequency.  

Purpose of Present Study 

The present study examined how pre-disaster fear, inhibitory control, and peer 

victimization in combination with disaster exposure predicted post-disaster substance use in a 

sample of at-risk young adolescents. Youth in the study were identified in late childhood as 

being aggressive and at-risk for adjustment problems prior to the disaster. Thus, these youth may 

be more likely to have difficulties regulating their behaviors and emotions after a stressful event. 

Furthermore, research has consistently shown that childhood aggression is a key risk factor 

associated with substance use. Among youth, aggression has been significantly linked to early 

substance use initiation (e.g., Jester et al., 2008) and increases in substance use frequency (e.g., 

Doran et al., 2012). Thus, our sample may be particularly vulnerable to using substances earlier, 

and with greater frequency, following a natural disaster.   

Few prior studies have examined these questions with measures of temperament or 

victimization as assessed prior to a natural disaster. Most prior studies have examined the 
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influence of post-disaster functioning on these outcomes, while in other studies, pre-disaster 

functioning has been retrospectively reported. This is problematic as memories of pre-disaster 

functioning can be affected by the trauma of disaster exposure (Strange & Takrangi, 2015). To 

address this limitation, the study made use of a unique longitudinal dataset that included 

measures gathered prior to the disaster event to examine how pre-existing temperamental and 

social factors served as significant risk or protective factors in the development of post-disaster 

substance use in an at-risk sample of adolescents. 
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2. METHODS 

Participants 

 Data for the present study were collected from a larger longitudinal study which 

examined the effectiveness of the Coping Power Program (CPP), an intervention for children 

exhibiting aggressive behaviors (see Lochman et al., 2015). Previous studies with this dataset 

have examined the influence of group vs individual intervention on psychological outcomes 

(Lochman et al., 2015). Other studies have examined youth psychological outcomes pre- to post-

tornado (Lochman et al., 2017), and trajectories of tornado related PTSS and pre-exposure 

predictors of PTSS (McDonald et al., 2019).  

 Students for the initial study were recruited from 20 public elementary schools in 

Alabama during three academic years (2009-2010, 2010-2011, and 2011-2012). Students were 

screened for recruitment via a two-gate procedure used to identify eligibility. In the first gate, 

teachers completed a measure of aggression on each of their student. Children whose scores fell 

at or above the 75th percentile cutoff score were considered to have passed the initial screening. 

Families were then contacted and invited to complete assessment interviews which included a 

second gate screening from the BASC aggression scale (Kamphaus et al. 1999).  Children whose 

parents rated their aggression in the average or above average range were considered eligible and 

subsequently enrolled in the intervention (n = 361). The Coping Power program (Lochman et al., 

2008) took place during the second semester of fourth grade and both semesters of fifth grade 

(Waves 1, 2 and 3). Lochman and colleagues (2015) examined whether intervention effects for 
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the two conditions varied by cohort (timing relative to the tornado) and found no significant 

differences.  

 Although the initial study recruited 361 youth for the intervention, the current study’s 

sample included 346 children from the larger sample who were still enrolled in the study at 

Wave 1. Children’s ages range from 9-13 years at the time of tornado (Mage= 11.33). The sample 

includes boys (65%) and girls (35%), who identified as African American (77.5%), Caucasian 

(18.3%), Hispanic (1.7%), Native American (0.4%), biracial (0.4%), and unknown (1.7%). Of 

the families with data on family income at the time of the tornado, 4.7% reported no income, 

25.7% less than $15,000, 32.6% between $15,000 and $29,999, 20.7% between $30,000 and 

$49,999, and 16.3% greater than $50,000. 

Procedure 

 Procedures were conducted in compliance with the University of Alabama Institutional 

Review Board. Wave 1 data were collected between May 2010 and April 2011 (prior to the April 

27, 2011 tornado). Wave 2 data were collected approximately 1–3 months post-tornado. Wave 3 

data were collected one year after the tornado. Wave 4 and 5 data were collected 3 and 4 years 

after the tornado respectively. Caregivers and children completed assessment measures in 

separate interviews with project staff. Caregivers received $50 and children received $10 for 

completing measures at each wave. 

Measures 

 Overall severity of disaster exposure. To assess the severity of disaster exposure, the 

Tornado-Related Traumatic Experiences questionnaire (TORTE; Vernberg & Jacobs, 2005) was 

administered to children post-disaster at Wave 3. Seven yes/no items measured proximity to life-

threatening events and perceived life threat during the tornado (e.g., windows or doors broke, 
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saw someone get hurt). One item assessed general distress around the time of the disaster 

(“Overall, how upset about things were you during the first few weeks after the tornado?”) using 

a 4-point response scale (not at all, a little, a lot, a whole lot). Ten yes/no items assessed loss 

(e.g., home badly damaged or destroyed) and life disruption (e.g., had to change schools, 

caregiver lost a job) in the year following the tornado. Items endorsed by participants were 

summed to calculate a score for overall severity of exposure. Previous PTSS studies have also 

used a total exposure score (La Greca et al., 2013; McDonald et al., 2019).   

 Fear. The Early Adolescent Temperament Questionnaire Parent Report (EATQ-P; 

Capaldi & Rothbart, 1992) was used at Wave 1 (pre-tornado) to assess pre-tornado fear. The 

EATQ-P is a parent-report measure designed to assess 11 dimensions of temperament in 

children. Parents were asked to report on a 5-point Likert scale ranging from 1 (very false) to 5 

(very true). Temperamental fear was assessed using 7 items from the fear subscale (e.g., “He is 

often afraid of getting into trouble”). Items were summed and averaged to form a total score, 

with higher scores indicating increased levels of fear. Internal reliability estimates were good for 

the fear portion of the EATQ-P (α = .674).  

 Inhibitory Control The EATQ-P was also used at Wave 1 to assess pre-tornado 

inhibitory control. Seven items from the inhibitory control subscale were used in the current 

study (e.g., “He can wait before starting a new activity if asked to do so,” “He can stop himself 

from laughing or smiling when he needs to”). Items were summed and averaged to form a total 

score, with higher scores indicating increased levels of inhibitory control. Prior studies have 

reported good test–retest stability and convergent and predictive validity for this measure using 

both child and adolescent samples (Capaldi & Rothbart, 1992; Colder et al., 1997). Analyses 

indicated good internal reliability for this scale (α = .830).  



 

 

 20 

 Peer Victimization. Peer nominations of victimization collected during Wave 1 were 

used to assess degree of pre-tornado peer victimization experienced by youth.  Classmates of 

target children were asked to nominate children in the class “who get picked on or teased by 

other kids, who get hit, pushed, or called names”. These nominations were summed, divided by 

the number of possible nominators, and then standardized within each classroom.  

 Substance Use. Alcohol, marijuana, and cigarette use initiation was assessed pre- and 

post-tornado across Waves 1-5 using the Center for Substance Abuse Prevention Student Survey 

(CSAP). Children completed the survey consisting of 26 items that were shorted from the 

California Student Survey (Pent et al., 1989). Responses for “ever” having used each substance 

were used. A sample item is “Have you EVER had a drink of alcohol?” Items were coded as yes 

(1) or no (0) for analyses.  Each substance was examined separately.  

 Alcohol, marijuana, and cigarette use frequency was assessed at Wave 5 using the CSAP.  

A sample item is “On how many days did you use marijuana in the last month (30 days)?” 

Children used a 6-point scale to indicate the frequency of substance use within the past 30 days 

(0 = never; 1 = 1 to 2 days in the past month; 2 = 3 to 5 days in the past month; 3 = 6 to 9 days in 

the past month 4 = 10 to 19 days in the past month; 5 = 20 to 31 days in the past month). 

Responses for substance use per day were also used in analyses. A sample item is “On the days 

you use marijuana, how many times do you use it?” Answers were coded as 0 = I don’t use 

marijuana 1 = Once a day 2 = Twice a day 3 = 3 or more times a day. 

 Aggression. Aggression was measured at Wave 1 using the Behavior Assessment System 

for Children – Parent Rating Scale (BASC-PRS). Thirteen questions from the aggression 

subscale were included. Parents were asked to choose the response that described their child’s 

tendency to act in a hostile manner (either verbal or physical) over the last six months. For 
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example, parents were asked to assess how often their child “threatens to hurt others”, “teases 

others” or “hits other children.”  Answers were coded as 0 = Never 1 = Sometimes 2 = Often 3 = 

Almost always. Analyses indicated good reliability for the aggression subscale at Wave 1 (α = 

.82).  

Data Analysis Plan 

 A Cox discrete-time proportional hazards model was used (Allison, 2019), to examine 

initiation (i.e., whether or not an event occurs) of substance use. The Cox model is a regression 

method for survival data which allows for simultaneous examinations of the effects of several 

risk factors on survival time, used for investigating the association between various predictor 

variables and the time it takes for a specific event to occur (Allison, 2019). The method assumes 

that the effects of the predictor variables are constant over time and are additive in effect, that is, 

the hazard ratio is constant over time. Furthermore, the discrete-time proportional hazards model 

allows for a discrete specification of time (Henry et al., 2009). As waves of data collection were 

conducted roughly 3-, 12-, 36- and 48-months following disaster exposure (Waves 2, 3, 4 and 5 

respectively), the exact timing of initiation is unknown.  

 The Cox model provides an estimate of the hazard ratio and its confidence interval. The 

hazard ratio is an estimate of the ratio of the hazard rate (Allison, 2019). The hazard rate can be 

understood as the probability that if an event has not already occurred, it will occur during the 

next time interval, divided by the length of that interval (Allison, 2019). It can also be interpreted 

as the rate at which failures occur at that point in time, or the rate at which risk is accumulated, 

an interpretation that coincides with the fact that the hazard rate is the derivative of the 

cumulative hazard function (Allison, 2019). However, the hazard ratio derived from the Cox 

model does not translate directly into information about the duration of time until events. For 
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example, a hazard ratio of .5 indicates that subjects initiate substance use at a slower rate, but in 

a very specific sense. In the context of hazard ratios, the designation “slow” denotes that 

someone who has not yet initiated by a certain time has half the chance of initiating at the next 

point in time compared to a control (Uno et al., 2014).  

 Event censoring is an essential concept in survival analysis (Hosmer et al., 2008). Left-

censored cases are those whose behavior was already initiated prior to entry into the study (Wave 

1), whereas right-censored cases are those whose behavior has not been initiated by the time the 

person exits the study (Waves 2-5). Cases are considered right-censored if (a) an individual 

leaves the study before initiating the behavior or (b) they complete the study without having 

initiated the behavior. Left-censored cases do not contribute to the analysis, as initiation occurred 

prior to disaster exposure. Right-censored cases contribute to the risk pool, and to predicting the 

likelihood of initiation. However, information about the association between the predictors and 

the timing of initiation is provided only by uncensored cases (those who have initiated the 

behavior).  

 To examine questions of substance use frequency, zero-inflated negative binomial 

regression analyses were conducted. In substance use research, count data containing a large 

proportion of zeros are often encountered (Wagner et al., 2015). The zero counts typically occur 

if a subject does not use that particular drug, or the subject does not report use during 

observation. To avoid problems for these types of zeros, substance use research commonly 

restricts samples to those who endorse use of a particular substance (zero-truncated models), or 

zero-inflated models are used. A distinguishing feature between each of these methods is that 

zero-truncated models assume that the response variable cannot have a value of (0), while zero-

inflated models assume that the response variable contains more (0) values than expected. These 
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types of models have been used to analyze number of cigarettes smoked per day (Schunck & 

Rogge, 2012) and alcohol consumption (Atkins et al., 2012), where (0) is a likely response. The 

major advantage of using zero-inflated models is that they reduce biases resulting from the 

extreme non-normality and can also model a subject’s susceptibility and magnitude 

simultaneously (Wagner et al., 2015).   

 Zero-inflated negative binomial (ZINB) regressions were conducted to assess frequency 

of substance use at Wave 5, to explore substance use outcomes 4 years following disaster 

exposure. The ZINB regression models the likelihood of being a nonuser vs user with the zero-

inflation probability component of a zero-inflated model, while the counts in the second 

population are modeled with an ordinary count distribution, in our case, a negative binomial 

model. Specifically, ZINB regressions are comprised of two parts (1) a logistic model that 

models the probability of being eligible for a non-zero count and (2) a model of the size of that 

count. More specifically, one set of predictors is used in the logistic component of the model, in 

which the likelihood of the observation being a current nonuser is computed, and a second set of 

predictors is used in a negative binomial component of the model that predicts the count in days 

or times used per day, which may be zero or some positive integer.  

 Furthermore, the ZINB model models error on a distribution with greater variance than 

other forms of zero-inflated models, such as zero inflated Poisson (ZIP) regression. For this 

reason, ZINB regression is preferred when data are overdispersed (the variance is significantly 

larger than the mean), as was the case in our sample.  Specifically, examinations of model fit 

indicated that for a significant number of our analyses, the variability of the data exceeded ZIP 

dispersion parameters, an indication of over-dispersed data. Thus, a ZINB model was chosen.  
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 However, while the ZINB allows for a more flexible variance function, providing a 

means to account for overdispersion that is not due to the excess zeros, it achieves this additional 

flexibility at the cost of an additional parameter. Thus, fitting a ZINB model when there is no 

overdispersion yields parameter estimates that are inefficient and can lead to a lack of 

convergence, an indication of model misspecification. Furthermore, non-convergence may also 

result from sparseness in the data stemming from model complexity. Thus, specifically with 

regards to Wave 5 smoking, poor predictors (from each specific model) were removed from 

analyses to ensure model convergence.   
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3. RESULTS 

Preliminary Analyses 

 The original sample was composed of 346 students from Wave 1 of data collection (65% 

boys; 77.5% African-Americans). Of this sample, parent reports of temperamental fear and 

inhibitory control were available for 338 youth, while peer nominations of peer victimization 

were available for 195 youth. At Wave 1, 43 reported prior alcohol use, 3 reported prior 

marijuana use, and 15 reported prior smoking. Adolescents with prior initiation were excluded 

from survival analyses for that particular substance, as disaster exposure occurred after this 

period of data collection. Excluded participants did not significantly differ from those who 

reported initiation during the study in terms of age, gender, race, aggression, income, and peer 

victimization, temperamental fear, and inhibitory control (all ps > .05). 

 Specifically, following the exclusion of left censored cases, that is, those who had already 

initiated smoking behavior at Wave 1, the final sample for smoking initiation was 331 youth 

(65% boys; 78% African-American). Survival analysis of smoking initiation was conducted with 

this specific sample. Of this sample, 4% had started smoking by Wave 2, 8.5% by Wave 3, 18% 

at Wave 4 and 26% at Wave 5 (see Table 1). Similarly, following the exclusion of left censored 

cases (those who had initiated drinking at Wave 1) the final sample for survival analysis of 

alcohol use initiation was 303 youth (65% boys; 78% African-American). Of this sample, 7% 

had started drinking by Wave 2, 14% by Wave 3, 28% by Wave 4, and 39% by Wave 5. 

Following the exclusion of left censored cases (those who had already initiated smoking 

marijuana at Wave 1) the final sample for marijuana initiation totaled 343 youth (65% boys; 78% 
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African-American) who had not initiated marijuana use at Wave 1. Of this sample <1% had 

started using marijuana by Wave 2, 2% by Wave 3, 16% by Wave 4, and 25% by Wave 5. For 

descriptive statistics and correlations, see APPENDIX A1-A3.   

 Missing data for outcome variables in each respective dataset (Waves 2-5) were handled 

with theoretical consideration for the nature of time-to-event data. For those who had endorsed 

substance use initiation at an earlier wave of data collection, missing responses in following 

waves were coded as (1), indicating that substance use initiation had already occurred. For those 

who had not endorsed initiation at a prior wave but had endorsed substance use directly 

following a missing wave of data collection, data were coded as (0), indicating that substance use 

initiation had not occurred during the missing wave of data collection. For example, if a subject 

had not endorsed substance use at Wave 2, and was unreachable for data collection at Wave 3, 

but returned to the study at Wave 4 and endorsed having used a substance, their Wave 3 

responses were coded as (0) indicating that substance use did not occur during the missing wave 

of collection. Subjects that had not endorsed substance use and were unreachable in all 

subsequent waves of data collection were considered missing and were coded as right censored.  

 Descriptive statistics and correlations were conducted on demographic variables age, 

race, gender, aggression, and income, as well as IV’s exposure, fear, inhibitory control and peer 

victimization, and all Wave 5 frequency outcome variables (APPENDIX A4). A separate dataset 

was included in frequency of use analyses, as exclusion of participants for initiation prior to 

Wave 2 (tornado exposure) was not required. Thus, the full sample of 346 youth (65% boys; 

77.5% African American) was included in analyses.   
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Initiation 

 Cox regressions were performed using SAS version 9.4 (PROC PHREG; SAS Institute 

Inc., Cary, NC). Before including predictor variables in the final models, Cox PH regressions 

were conducted to explore links between demographic variables age, race, gender, family 

income, and aggression on outcomes for all three substances. These predictors were entered 

individually in analyses of smoking, alcohol, and marijuana initiation. Significant predictors of 

initiation (for each individual substance) were included as controls in subsequent initiation 

analyses. Age was also included as a covariate for all substances regardless of significance, as 

age has shown to be universally predictive of initiation (i.e., Kandel & Yamaguchi, 1999).  

Demographic control variables varied by substance with age and race included in analyses 

predicting smoking initiation, and age alone included in analyses predicting alcohol and 

marijuana use (see Tables 2-4).    

 For each substance, 2 separate hierarchical Cox regressions were conducted exploring 

links between temperamental (fear and inhibitory control) and social (peer victimization) 

variables as they predicted initiation (Tables 2-4). Demographic control variables were added in 

block one, the main effects were added in block two, and interactions in block three. In 

examinations of temperamental predictors of initiation, main effects of exposure, and 

temperamental fear, and inhibitory control were examined as well as the 2- and 3-way 

interactions. In examinations of social predictors of initiation, main effects of exposure and peer 

victimization were examined as well as the interaction of exposure and peer victimization. 

Demographic control variables were added in block one, the main effects were added in block 

two, and interactions in block three.  
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Smoking Initiation 

To examine how temperamental variables in conjunction with tornado exposure predicted 

smoking initiation, a Cox regression was conducted. As seen in Table 2, this analysis found that 

age and race were predictive of smoking initiation, with older age predicting earlier smoking 

initiation and African-Americans being less likely to initiate. There were not significant main 

effects for or interactions between exposure, fear, inhibitory control. The Cox regression that 

examined how victimization and exposure predicted smoking initiation found similar effects for 

age and race but did not find significant main or interaction effects for victimization and 

exposure. 

Alcohol Use Initiation 

As seen in Table 3, the Cox regression analysis examining how exposure and 

temperament predicted alcohol initiation found a protective effect of inhibitory control on 

alcohol use initiation (Figure 1). There was also a significant interaction between fear and 

exposure, with greater levels of pre-disaster temperamental fear enhancing the effects of disaster 

exposure predicting earlier alcohol initiation (Figure 2). This effect was not significant at 

moderate to low levels of fear. Specifically, at 1 SD below the mean in fear, the hazard ratio was 

HR = .922; 95% CI [.77, 1.10], at average fear HR = 1.05; 95% CI [.93, 1.19], and at 1 SD above 

the mean in fear HR = 1.20; 95% CI [1.04; 1.38].  In the Cox regression examining how 

victimization and exposure predicted initiation, no significant main or interaction effects were 

found. 

Marijuana Use Initiation 

Results of the Cox regression examining marijuana initiation found a main effect of age, 

with older adolescents being more likely to initiate marijuana use. In the analysis focused on 
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temperamental variables, there were no significant main effects or interactions for exposure, fear, 

or inhibitory control. In the analysis examining if victimization and exposure predicted 

marijuana initiation, there were also no significant main or interaction effects (Table 4) 

Frequency of Substance Use 

 To examine how tornado exposure, temperament, and peer victimization predicted 

frequency of substance use at Wave 5, ZINB analyses were performed using SAS version 9.4 

(PROC GENMOD; SAS Institute Inc., Cary, NC). Frequency outcomes were operationalized in 

two ways: 1) as the number of days used “in the last 30 days” and 2) the number of “times used 

per day”. Thus, two separate frequency outcomes were examined for each substance.  

 Two separate hierarchical ZINB regressions were used: 1) a series of models exploring 

exposure and temperamental variables fear and inhibitory control, all 2-way interactions, and the 

3-way interaction of fear, inhibitory control, and exposure and 2) a series of models exploring 

exposure and social variable peer victimization and the interaction of peer victimization and 

exposure. Similar to the analyses of initiation, variables were entered in blocks, with 

demographic variables in block one, main effects in block two, and interactions in block three. 

 As the purpose of our Cox regressions was to evaluate the effect of several factors on 

substance use initiation (used vs not used), significant predictors of substance use initiation from 

Cox analyses were used in the logistic portion of the ZINB model to model the likelihood of 

being a nonuser. Specifically, significant predictors of smoking initiation from Cox regressions 

were used in the logistic portion of separate ZINB regressions exploring both outcomes for 

smoking frequency (days smoked cigarettes “in the last 30,” and the number of cigarettes 

smoked per day), while significant predictors of alcohol initiation from Cox regressions were 
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used in the logistic portion of separate ZINB regressions exploring both outcomes of alcohol use 

frequency etc.   

 Correlations were conducted to assess associations between demographic variables and 

all frequency outcomes for each substance. Demographic variables that were significantly 

correlated with frequency outcomes were included in the final ZINB models as control variables 

in the count component of the model (APPENDIX A4).   

Frequency of Cigarette Use 

 Wave 5 Days Smoked Cigarettes. To examine the number of days smoked cigarettes “in 

the last 30 days,” age, race, and inhibitory control were included in the zero inflated component 

of the ZINB model to model the likelihood of being a current non-user. Age and race were also 

used as control variables in the count model. Variables in the zero-inflated model, and control 

variables in the count model were the same in analyses including temperamental variables fear 

and inhibitory control, and analyses focusing on peer victimization (Tables 5-6).  

 Concerning the zero-inflated component of models with temperamental variables fear and 

inhibitory control, African American were more likely to be non-smokers. Inhibitory control also 

predicted being a non-smoker (Table 5). Concerning the count component of models including 

temperamental variables, a significant interaction of inhibitory control and exposure was 

observed, where inhibitory control moderated the effect of exposure on the number of days 

smoked cigarettes “in the last 30 days” (Figure 3). A simple slopes analysis was performed to 

explore the effect of exposure at 1 SD below the mean of inhibitory control (low inhibitory 

control), at the mean of inhibitory control (average inhibitory control), and at 1 SD above the 

mean of inhibitory control (high inhibitory control). The unstandardized simple slope for youth 

low in inhibitory control was (B = 1.67, p = .058), average in inhibitory control (B = -1.06, p= 
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.053) and high in inhibitory control (B= -3.79, p = .042), indicating a protective function of good 

inhibitory control in the relationship between exposure and the number of days smoked 

cigarettes (Figure 3).  

Concerning the zero-inflated component of model examining how peer victimization and 

exposure predicted cigarettes per day in the last 30 days (Table 6), African-American adolescents 

were more likely to be non-users.  In the count component of models including peer 

victimization, there were no main effects or interactions between exposure and peer 

victimization on days smoked cigarettes. 

 Wave 5 Cigarettes Smoked Per Day. To examine the frequency of cigarettes smoked 

per day, age, race, and inhibitory control were included in the zero inflated component of the 

model. Age and race were included as control variables in the count component of the ZINB 

regression. Variables in the zero-inflated model, and control variables in the count model were 

the same in analyses including temperamental variables fear and inhibitory control, and analyses 

including social variable peer victimization (Tables 5-6).  

 In the zero-inflated component of the model examining temperament and exposure 

predicting smoking, inhibitory control was found to positively predict nonusers. However, in the 

count model, inhibitory control positively predicted the number of cigarettes smoked per day. 

 In the zero-inflated component of the model examining victimization and exposure 

predicting smoking, there were no significant predictors of non-use. With regards to the count 

component of models including peer victimization, greater exposure was found to predict 

increases in the number of cigarettes smoked per day. A main effect of peer victimization was 

also observed, suggesting that youth who were victimized by their peers prior to the tornado 

smoked more cigarettes per day at Wave 5 (Table 6).  
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Frequency of Alcohol Use 

 Wave 5 Days Used Alcohol. To examine the number of days youth used alcohol “in the 

last 30 days”, age and inhibitory control were included in the zero inflated component of the 

model, while age and aggression were included as control variables in the count component of 

the model (Table 7). Variables in the zero-inflated model, and control variables in the count 

model were the same in analyses including temperamental variables fear and inhibitory control, 

and analyses including social variable peer victimization (Tables 7-8).   

 In the zero-inflated component of the model examining temperament and exposure 

predicting days used alcohol, older age was found to significantly predict alcohol users, that is, 

older age negatively predicted the likelihood of being a non-user, while greater inhibitory control 

significantly predicted the likelihood of being a nonuser. In the count model including fear and 

inhibitory control, inhibitory control was positively related to days having used alcohol “in the 

last 30 days.”  

 In the zero-inflated component of the model examining victimization and exposure 

predicting days used alcohol, there were no significant predictors of non-users in the zero-

inflated component of models. There were also no main effects or interactions in the count 

component of models including peer victimization (Table 8).  

 Wave 5 Times Used Alcohol Per Day. To examine the number of times youth used 

alcohol per day, age and inhibitory control were included in the zero inflated component of the 

model, while age and aggression were included as control variables in the count portion of the 

model (Table 7). Variables in the zero-inflated model, and control variables in the count model 

were the same in analyses including temperamental variables fear and inhibitory control, and 

analyses including social variable peer victimization (Tables 7-8).   
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 In the zero-inflated component of the model examining temperament and exposure 

predicting alcohol use, being older was found to predict the likelihood of being a current alcohol 

user (Table 7). In the count model predicting drinks per day, aggression was found to positively 

predict frequency of daily alcohol use (Table 7). There was also a significant interaction between 

fear and inhibitory control. A simple slopes analysis was performed to explore the effect of 

inhibitory control at 1 SD below the mean of fear (low fear), the mean of fear (average fear), and 

1 SD above the mean of fear (high fear). The unstandardized simple slope of inhibitory control 

for subjects with low fear was (B = -1.29, p = .027), average fear (B = .27, p = .672) and high 

fear (B = 1.84 p = .121), indicating that inhibitory control served a protective function for those 

less fearful youth, an effect that was not observed at average and high levels of fear (Figure 4). 

 In models examining victimization and exposure, there were no significant predictors of 

non-use. In the count model, only aggression positively predicted increases in frequency of daily 

alcohol use (Table 8).  

Frequency of Marijuana Use 

 Wave 5 Days Used Marijuana. To examine the number of days youth used marijuana, 

age and inhibitory control were included in the zero inflated component of the model, while age 

was included as a control variable in the count portion of the model. Variables in the zero-

inflated model, and control variables in the count model were the same in analyses including 

temperamental variables fear and inhibitory control, and analyses including social variable peer 

victimization (Tables 9-10).   

 In the zero-inflated component of the model examining temperament and exposure 

predicting marijuana use, there were not significant predictors. In the count model predicting 

days of marijuana use, a main effect of exposure emerged, indicating that those more highly 
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exposed used marijuana on more days at Wave 5 (Table 9). There was also a main effect to fear 

such that those youth higher on fear used marijuana on fewer days. 

 In the model examining victimization and exposure predicting marijuana use, there were 

no significant predictors of use/non-use (see Table 10). In the count model, exposure again 

predicted more days used marijuana. A main effect of peer victimization also emerged 

suggesting that those who were more victimized by their peers prior to the tornado used 

marijuana more during the week at Wave 5. 

 Wave 5 Times Used Marijuana Per Day. To examine the number of times youth used 

marijuana per day, age and inhibitory control were included in the zero inflated component of the 

model, while age was included as a control variable in the count portion of the model. Variables 

in the zero-inflated model, and control variables in the count model were the same in analyses 

including temperamental variables fear and inhibitory control, and analyses including social 

variable peer victimization (Tables 9-10).    

 In the zero-inflated component of the model examining temperament and exposure 

predicting marijuana use, there were no significant predictors of use/non-use (Table 9). 

Concerning the count model predicting time used per day, no main effects or interactions were 

observed (Table 9).  

 In the model considering peer victimization and exposure, were no significant predictors 

of use/non-use. Similarly, there were also no main effects or interactions in the count model 

predicting time used per day (Table 10).  

 

 

 



 

 

 35 

 

 

4. DISCUSSION 

 A primary goal of the current study was to examine the role that severity of disaster 

exposure plays in determining the timing of substance use initiation (cigarettes, alcohol, 

marijuana) and the frequency of use four years later. Of further interest was an examination of 

temperamental (fear and inhibitory control) and social variables (peer victimization) that may 

moderate the effect of disaster exposure as it predicts substance use initiation and frequency of 

substance use.    

 First, disaster exposure alone did not predict initiation of substance use although there 

were some effects on frequency of use four years post-tornado. For instance, exposure predicted 

more days used marijuana in the last 30 days. This directly supports findings from Rohrbach et 

al., (2009), suggesting that objective exposure to a natural disaster predicted increases in 

marijuana use in adolescents 7 and 19-months post-disaster. This also aligns with findings that 

greater levels of posttraumatic stress symptom severity are associated with greater levels of 

coping-oriented marijuana use motives (e.g., Bonn-Miller et al., 2009).   

Exposure also predicted number of cigarettes smoked per day when also accounting for 

peer victimization, however a similar effect was not found when controlling for inhibitory 

control and fear. Thus, while exposure alone did not predict earlier initiation in our sample, our 

results support, in part, past findings that increased exposure severity may lead youth to use 

substances with greater frequency (Danielson et al., 2017; Rohrbach et al., 2009).  

 With regards to substance use initiation, the effects of tornado exposure were dependent 

on temperamental characteristics of our sample. For instance, an interaction of temperamental 
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fear and disaster exposure severity was observed where disaster exposure was found to predict 

increases in risk for alcohol use initiation for youth high in temperamental fear, an effect that 

was not observed for those with moderate to low levels of fear. This finding supports the 

suggested hypothesis that temperamental fear in our sample would exacerbate the effect of 

exposure as it predicted substance use. However, while interesting given the observed protective 

nature of high levels temperamental fear on substance use and substance use initiation (Pardini et 

al., 2004), this finding is not novel. Specifically, it has been documented that excessive fear 

following a traumatic event may increase levels of anxiety, with those experiencing high levels 

of anxiety seeking to alleviate their symptoms by using substances (Brady et al., 2013). Increases 

in temperamental fear are also predictive of PTSD (Evans & Oheler-Stinnett, 2006), with PTSD 

and substance use comorbidity being documented in adolescents (e.g., Giaconia et al., 2000; 

Perkonigg et al., 2000).  

 Furthermore, youth characterized as high in temperamental fear are more likely to 

develop social phobia during adolescence (Hayward et al., 1998). Traditionally, this 

development has been viewed as indirectly protective of substance use, as these youth may 

withdraw from peer-related social interactions where substance use initiation may take place 

(Kaplow et al., 2001; Pardini et al., 2004). However, this development may also restrain youth 

from seeking beneficial peer social support following a natural disaster, which is essential for 

successful recovery (Vernberg et al., 1996). As evidenced by Vernberg et al., (1996), social 

support from friends and classmates may serve a protective function in the development of 

persistent PTSD symptoms for school–aged children. Similarly, Moore and Varela (2010) found 

a significant relationship between increased classmate support and fewer PTSD symptoms 

following Hurricane Katrina, again, with PTSD and substance use morbidity being documented 
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in adolescents (e.g., Giaconia et al., 2000; Perkonigg et al., 2000). Thus, it may possible that 

more temperamentally fearful youth in our sample are less likely to seek social support to 

remedy their distress, subsequently leading to increases in drinking to cope with this distress.  

 An interaction between exposure and inhibitory control was also observed for days 

smoked cigarettes in the last 30 days, indicating a protective role of good inhibitory control. This 

again highlights the benefit of good inhibitory control with regards to substance using outcomes. 

With regards to smoking specifically, this finding reaffirms previous research indicating that 

poor inhibition seems to be one of the individual factors related to adolescent smoking behavior 

(e.g., Riggs & Pentz, 2016).  

There were also several main effects of temperament on substance initiation and 

frequency of use. For instance, fear was negatively related to days used marijuana, supporting 

research suggesting that greater levels of temperamental fear may reduce overall levels of 

substance use (e.g., Pardini et al., 2004; Wills et al., 1999). Thus, those more fearful youth in our 

sample may be inclined to use substance less frequently (Wills et al., 1999). It is also possible 

greater levels of temperamental fear dissuade these youth from engaging in peer-related social 

interactions, where substance use commonly occurs (Kaplow et al., 2001; Pardini et al., 2004).   

There were also several effects of inhibitory control on substance use. First, there was a 

main effect of inhibitory control on alcohol initiation, where good inhibitory control was found 

to decrease the risk of alcohol initiation in our sample. Adolescence is a time when inhibitory 

control processes are still developing, and a time when youth first drink alcohol (Petit et al., 

2013). Traditionally, this development has been associated with relatively weak or immature 

inhibitory control, with several studies associating poor inhibitory control with alcohol use 
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during adolescence (Henges & Marczinski, 2012; Miller et al., 1991) as well as alcohol related 

problems and alcohol dependence (Nigg et al., 2006; Rubio et al., 2008). 

 As poor inhibitory functions may predispose youth to alcohol use and misuse, our sample 

may represent a particularly vulnerable group due to weak or immature inhibitory functioning, 

which is both typical during this stage of development, and also characteristic of highly 

aggressive, at-risk youth (Pardini et al., 2004). Concerning at-risk youth specifically, Pardini et 

al., (2004) observed that increased temperamental anger and decreased fearfulness increased the 

risk for alcohol use initiation only for boys with moderate to low levels of inhibitory control, 

demonstrating a protective function of good inhibitory control for youth with these 

temperamental characteristics.  

 However, contrary to what was expected, for those who had initiated by Wave 5 we 

found that greater inhibitory control positively predicted the number of days youth reported 

using alcohol in the last 30 days and number of cigarettes smoked per day. For aggressive or 

disruptive youth, greater levels of inhibitory control may manifest as social withdrawal (e.g., 

Younger et al., 1991).  Additionally, research suggests that disruptive-withdrawn boys are at a 

greater risk for delinquency compared to non-disruptive-withdrawn youth (Kerr et al., 1997). 

Additionally, for youth who initiate alcohol or cigarette use in adolescence, greater 

inhibition may place them at risk for the abuse of substances and perhaps this is due to a co-

morbidity with anxiety (e.g., Essex et al., 2010; White et al., 2011) or social anxiety (Essex et al., 

2010). Social anxiety has been cited as a risk factor for increased alcohol use (e.g., Ham et al., 

2002) and greater levels of anxiety are associated with increased cigarette smoking in 

adolescence and early adulthood (Johnson et al., 2011). Thus, it could be that those who more 

inhibited may experience heightened levels of social anxiety, motivating them to use alcohol and 
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cigarettes more frequently to cope with, or manage, their anxious arousal around others 

(Blumenthal et al., 2010).  

In support of this conjecture, we also observed an interaction between fear and inhibitory 

control predicting to quantity of daily alcohol use. Specifically, inhibitory control was found to 

be protective only for those who were less temperamentally fearful, an effect that was not 

observed at average and high levels of fear. For these youth, a combination of elevated fear and 

inhibitory control may, again, be characteristic of heightened anxiety. As documented by White 

et al., (2011), for children with high levels of behavioral inhibition (a temperament in childhood 

describing a fearful style of reacting when confronted with novelty), high levels of inhibitory 

control may increase the risk for anxiety symptoms. Thus, it may be that for youth fitting this 

profile, this increase in alcohol use may come as a direct result of attempts to self-medicate their 

anxiety symptoms (e.g., Bolton et al., 2006; Robinson et al., 2009).  

 Peer victimization was also predictive of increases in the number of cigarettes smoked 

per day, supporting research showing that experiences of peer victimization in early adolescence 

may influence substance use behaviors later in life (Zapolski et al., 2019). Furthermore, peer 

victimization may also indirectly influence later substance use outcomes by enhancing the 

likelihood of internalizing problems such as depression, resulting in a greater likelihood of later 

substance use via various mediating mechanisms (Earnshaw et al., 2017). Peer victimization was 

also found to predict increases in the number of days used marijuana in our sample, supporting 

past literature suggesting that peer victimization in early adolescence may influence distal 

substance use outcomes (Zapolski et al., 2019). It could also be that increases in internalizing 

problems resulting from peer victimization may contribute to this development (Earnshaw et al., 

2017). Furthermore, as peer victimization undermines the victim’s ability to build a suitable 
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network of friendly peers from which to receive social support (e.g., Demaray & Malecki, 2003; 

Rigby, 2000), those victimized may find little peer support following a natural disaster, with 

social support reducing substance use among victimized youth (Forster et al., 2013; Wormington 

et al., 2013). 

Limitations/Future Directions  

 There are several study limitations that should be considered when interpreting our 

findings. For instance, our sample of at-risk youth is quite unique. Youth for this study were 

recruited specifically to examine the effects of the Coping Power Program, an intervention for 

aggressive children (Lochman et al., 2015). Thus, all youth in our sample were rated as high in 

aggression by teachers and parents. This defining characteristic of our sample potentially 

influences both temperamental and social variables of interest in our study. For example, deficits 

in inhibitory control have been linked to aggression (e.g., Pawliczek et al., 2013), with poor 

inhibitory control serving to impair social functioning and contribute to aggressive behavior 

(Barratt et al., 1999). Additionally, a lack of temperamental fear could predispose children to 

antisocial and violent behavior (Kempes et al, 2005). However, the opposite has also been 

documented where highly fearful youth have shown to exhibit high levels of aggression, 

specifically when poorly monitored by parents (Colder et al., 1997). Thus, marked deficits (or a 

surplus) of either temperamental characteristic may be present in the current sample, compared 

to non-aggressive youth.  

 Peer victimization has also been associated with increased aggression in youth (e.g., 

Ostrov, 2010; Hanish & Guerra, 2002). Specifically, it is suggested that peer victimization is a 

risk factor for externalizing behaviors such as aggression as youth who are victimized have 

limited opportunities for adaptive peer socialization (Hanish & Guerra, 2002). Thus, our sample 
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may also have experienced greater peer victimization early in development than other youth. In 

sum, future research may seek to explore these outcomes with a sample of youth more 

characteristic of the general population.  

 Thus, while potentially limiting generalizability, the nature of our sample may also serve 

as a strength, as these findings may be more applicable to similar at-risk, aggressive youth. 

Similar youth, exposed to a natural disaster may be subject to the greatest risk of substance use 

and early substance use initiation.  Furthermore, as baseline levels of social and temperamental 

functioning were available, we were provided an opportunity to explore how the social and 

temperamental functioning of specifically aggressive youth may complicate recovery efforts in 

the wake of a natural disaster. The specificity of our sample also allows for novel research, as 

few studies have addressed substance use outcomes following a natural disaster with such a 

sample.  

 It should also be noted that two out of three cohorts of children had received a preventive 

intervention for aggressive behaviors prior to the tornado, with one receiving the intervention 

post-tornado. Thus, it may be that the intervention influenced results, leading to outcomes that 

would not have been observed in another at-risk sample. For example, by virtue of learning 

various adaptive coping skills, risk of substance use initiation and frequency may have been 

minimized. Youth may also have benefited from increased inhibitory control as a function of 

receiving the intervention.  

 Of further note, measures of disaster exposure were collected one year following the 

tornado. Thus, recollections of the event may be influenced by the severity of PTSS. More 

proximal assessments of disaster exposure severity may provide more accurate assessments of 

the degree of disaster exposure. Also, as assessments of substance use were collected roughly 1 
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year apart, survival analyses were limited in their ability to assess actual time until onset of 

substance use. More frequent assessments may be beneficial in determining the actual timing and 

risk of initiation.  

 However, an important strength of this study is that measures of pre-disaster functioning 

were collected prior to the disaster, affording an opportunity to explore measures of pre-disaster 

functioning unaffected by the trauma of disaster exposure. Given the unexpected nature of 

natural disasters, limited research is available examining pre-disasters measures of functioning as 

they predict post-disaster outcomes (e.g., Grolnick et al., 2018; MeDonald et al., 2019), 

particularly substance use. 

Clinical Implications 

 Generally, findings from the current study are consistent with past literature concerning 

disaster trauma and substance use outcomes (e.g., Rohrbach et al., 2009). They are also 

consistent with research which suggests that certain child temperamental and social 

characteristics are differentially predictive of later substance using behavior following a natural 

disaster (Terranova et al., 2009). This highlights the need for a special focus to be placed on 

disaster-exposed youth with certain temperamental characteristics and social difficulties, as they 

may be most susceptible to maladaptive outcomes following exposure to a natural disaster.  

 Specifically, those with poor inhibitory control may be placed at the greatest risk for 

early initiation of substances, and greater distal frequency of use. This highlights opportunities 

for intervention, as consistent efforts at enhancing inhibitory control may be beneficial for early 

prevention strategies, protecting youth from substance use. These focused efforts may also be 

particularly advantageous for at-risk, aggressive youth who may have poor inhibitory control.  
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 Alternatively, those highly inhibited youth may also be at risk for the development of 

anxiety problems (e.g., Essex et al., 2010; White et al., 2011), which may contribute to substance 

using outcomes. Furthermore, it would seem as though highly fearful and inhibited children may 

respond poorly to the trauma of a natural disaster. This is interesting, as both temperamental 

qualities have been found to be protective of substance use in past literature (e.g., Pardini et al., 

2004), and in the current study. However, this combination of temperamental characteristics may 

find youth anxious and potentially reticent to gain social support in the aftermath of a natural 

disaster, potentially facilitating substance using behavior.   

 Furthermore, interventions may also benefit from efforts at reducing peer victimization 

among youth, while a special focus should be placed on youth who have experienced 

victimization, particularly in the wake of a natural disaster. For these youth, the trauma of being 

victimized by their peers may compound with the trauma of exposure, with the effects of 

multiple traumas potentially contributing to later substance use (Vest et al., 2018). Highly 

victimized youth may also suffer from poor social support in the aftermath of a natural disaster 

also contributing to these outcomes.  

 Furthermore, while our findings suggest that greater levels of fear and inhibitory control 

generally protect youth from substance using behaviors, it would appear as though varying levels 

of these temperamental qualities, in combination with one another, may have a differential 

influence on substance use outcomes. These outcomes must also be viewed in light of the 

substance in question and the degree of disaster exposure. The effects of these temperamental 

variables on substance use may also be contingent upon other measures of functioning, such as 

aggression. This highlights a need to research the initiation and frequency of use for these 

substances individually, and also highlights the need to assess the needs of youth exposed to 
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natural disasters with both their degree of disaster exposure and specific temperamental 

characteristics in mind.  
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Table 1 
Life Table for Smoking, Alcohol and Marijuana Use Initiation 

Substance Use Frequency 
 

Wave  N N use % Use Censored 
      
Smoking       
      
Wave 2  331 14 4.23% - 
Wave 3  309 26 8.41% 22 
Wave 4  292 56 19.18% 39 
Wave 5  276 72 26.09% 55 
      
Alcohol      
      
Wave 2  303 20 6.60% - 
Wave 3  284 39 13.73% 19 
Wave 4  268 75 27.99% 35 
Wave 5  255 100 39.22% 48 
      
Marijuana      
      
Wave 2  343 3 .87% - 
Wave 3  319 6 1.88% 24 
Wave 4  298 47 15.77% 45 
Wave 5  281 70 24.91% 62 

 
Note. Censored = missing/dropout without return to study 
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Table 2 
Cox Regression Predicting Smoking Initiation by Exposure, Fear, Inhibitory Control and Peer Victimization 

Smoking Initiation 
Blocks Predictor M1 M2 M3 M4 

  B Exp (B) B Exp (B) B Exp (B) B Exp (B) 
Temperament          
Block 1 Age .0411** 1.041 .0400*** 1.041 .0392*** 1.040 .0392*** 1.040 
 Race -.7986** .450 -.8503** .427 -.8733*** .418 -.8725*** .418 
          
Block 2 Exposure   .05972 1.062 .0555 + .0546 + 
 Fear   .16818 1.183 .1357 + .1306 + 
 IC   -.24644 .782 -.2612 + -.2607 + 
          
Block 3 Exposure*Fear     .1012 + .0978 + 
 Exposure*IC     .0795 + .0774 + 
 Fear*IC     .3591 + .3434 + 
          
Block 4 Exposure*Fear*IC       .0173 + 
          
Social          
Block 1 Age .0411** 1.020 .0403** 1.041 .0375** 1.038   

 Race -.6948** .499 -.8318* .435 -.7836* .457   
          

Block 2 Exposure   -.1716 .842 -.1577 +   
 Victimization   .0260 1.026 -.0830 +   
          

Block 3 Exposure* 
Victimization 

    -.0995 +   

Note. Exp (B) = Hazard Ratio  

+ = Hazard ratio not available for simple effects  

* p < .05. ** p < .01. *** p < .001 



 
 

 60 

Table 3 
Cox Regression Predicting Alcohol Initiation by Exposure, Fear, Inhibitory Control and Peer  

Alcohol Initiation 
Blocks Predictor M1 M2 M3 M4 

  B Exp (B) B Exp (B) B Exp (B) B Exp (B) 
Temperament          
Block 1 Age .0159 1.016 .0189 1.019 .0198* 1.020 .0198* 1.020 
          
Block 2 Exposure   .0732 1.076 .0547 + .0559 + 
 Fear   .2301 1.259 .1401 + .1310 + 
 IC   -.3287* 0.720 -.3193* + -.3229* + 
          
Block 3 Exposure*Fear     .2025* + .1967* + 
 Exposure*IC     .0509 + .0474 + 
 Fear*IC     -.1562 + -.1837 + 
          
Block 4 Exposure*Fear*IC       .0273 + 
          
Social          
Block 1 Age .0159 1.016 .0212 1.021 .0169 1.017   

          
Block 2 Exposure   .0702 1.073 .0748 +   

 Victimization   .1033 1.109 .0112 +   
          

Block 3 Exposure* 
Victimization 

    -.1279 +   

Note. Exp (B) = Hazard Ratio  

+ = Hazard ratio not available for simple effects  

* p < .05. ** p < .01. *** p < .001 
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Table 4 

Cox Regression Predicting Marijuana Initiation by Exposure, Fear, Inhibitory Control and Peer Victimization 

Marijuana Initiation 
Blocks Predictor M1 M2 M3 M4 

  B Exp (B) B Exp (B) B Exp (B) B Exp (B) 
Temperament          
Block 1 Age .0456*** 1.047 .0448*** 1.046 .0443*** 1.040 .0443*** 1.045 
          
Block 2 Exposure   .1046 1.110 .0989 + .1005 + 
 Fear   .2799 1.323 .3090 + .3119 + 
 IC   -.2356 0.790 -.2490 + -.2503 + 
          
Block 3 Exposure*Fear     -.0165 + -.0150 + 
 Exposure*IC     -.0531 + -.0511 + 
 Fear*IC     .3694 + .3859 + 
          
Block 4 Exposure*Fear*IC       -.0149 + 
          
Social          
Block 1 Age 0.0411** 1.020 0.0408** 1.042 .0416** 1.043   

          
Block 2 Exposure   .0549 1.056 .0506 +   

 Victimization   .1988 1.220 .2182 +   
          

Block 3 Exposure* 
Victimization 

    .0288 +   

Note. Exp (B) = Hazard Ratio  

+ = Hazard ratio not available for simple effects  

* p < .05. ** p < .01. *** p < .001 
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Table 5 
Zero Inflated Negative Binomial Regression Predicting Wave 5 Days Smoked and Wave 5 Cigarettes Smoked Per Day by Disaster 

Exposure, and Temperamental Fear and Inhibitory Control 

  Wave 5 Days Smoked Wave 5 Cigarettes Per Day 
Blocks Predictor M1 M2 M3 M4 M1 M2 M3 M4 
Control variables Age -0.01 -0.07 -0.00 -0.05 -0.00 -0.02 -0.02 -0.01 
Block 1 Race -0.11 -10.35 -11.08* -9.27 -0.91 -1.87* -3.87** -4.19** 
          
Main effects Exposure  -0.18 -1.06 -0.48  -0.11 -0.10 -0.13 
Block 2 Fear  5.71 2.29 4.06  0.86 0.40 1.09 
 IC  11.27 12.07** 10.74  1.46* 1.47 1.40 
          
2-way interactions Exposure*Fear   -0.17 -0.01   -0.71 -1.35* 
Block 3 Exposure*IC   -3.65* -1.21   -0.11 -0.00 
 Fear*IC   -1.85 0.56   -1.73 -1.95 
          
3-way interaction Exposure*Fear*IC    -0.43    -1.29 
Block 4          
Variables Predicting Zero Inflation  
 Age -.05 -0.04 -0.04 -0.03 -0.04 -0.05 -0.06 -0.03 
 Race 2.72** 1.81* -1.78 1.88 1.38 0.72 -0.25 -0.07 
 IC -.07 + 4.89* + 0.53 1.32 1.43* 0.69 

Note. NBR regression coefficient models log of the expected count as a linear function of predictor variables.  

Zero inflated component models likelihood of being a current non-user. 

+ = removed variables to ensure model convergence  

* p < .05. ** p < .01. *** p < .001 

1 = AA, 0 = Other 
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Table 6 
Zero Inflated Negative Binomial Regression Predicting Wave 5 Days Smoked and Wave 5 Cigarettes Smoked Per Day by Disaster  

Exposure, Peer Victimization   

  Wave 5 Days Smoked Wave 5 Cigarettes Per Day 
Blocks Predictor M1 M2 M3 M1 M2 M3 
Control variables Age -0.01 0.14 0.11 -0.00 0.07 0.16 
Block 1 Race -0.11 -2.64 8.29 -0.91 -2.15* -9.00 
        
Main effects Exposure  3.44 4.35  1.60* 2.95 
Block 2 Victimization  6.74 5.54  3.30* 3.97 
        
2-way interactions Exposure*Victimization   -2.54   1.31 
Block 3        
Variables Predicting Zero Inflation  
 Age -.05 -0.00 -0.03 -0.04 -0.00 -0.02 
 Race 2.72** 1.65 3.33* 1.38 1.25 1.46 
 IC -.07 0.21 -0.39 0.53 0.41 0.49 

Note. NBR regression coefficient models log of the expected count as a linear function of predictor variables.  

Zero inflated component models likelihood of being a current non-user. 

* p < .05. ** p < .01. *** p < .001 

1 = AA, 0 = Other 
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Table 7 
Zero Inflated Negative Binomial Regression Predicting Wave 5 Days Used Alcohol and Wave 5 Times Used Alcohol Per Day by 

Disaster Exposure, and Temperamental Fear and Inhibitory Control 

  Wave 5 Days Used Alcohol Wave 5 Times Used Per Day 
Blocks Predictor M1 M2 M3 M4 M1 M2 M3 M4 
Control variables Age -0.06 -0.07** -0.06* -0.04 0.00 0.00 -0.01 -0.03 
Block 1 Aggression 0.08 0.04 0.07 0.08 0.07** 0.07* 0.05 0.01 
          
Main effects Exposure  -0.07 -0.26 -0.38  -0.09 -0.31* -0.73 
Block 2 Fear  -0.08 0.16 0.01  0.02 -0.43 -0.28 
 IC  2.38** 1.44 1.64*  -0.09 0.27 0.69 
          
2-way interactions Exposure*Fear   -0.05 -0.25   0.03 0.44 
Block 3 Exposure*IC   0.39 0.56   0.07 -0.32 
 Fear*IC   1.78 2.18*   2.33* 2.26* 
          
3-way interaction Exposure*Fear*IC    0.17    0.66 
Block 4          
Variables Predicting Zero Inflation     
 Age -0.11 -0.12* -0.12 -0.11 -0.04 -0.04 -0.05 -0.05* 
 IC 0.20 2.58* 1.88 3.09 0.16 -0.05 0.09 0.30 

Note. NBR regression coefficient models log of the expected count as a linear function of predictor variables.  

Zero inflated component models likelihood of being a current non-user. 

* p < .05. ** p < .01. *** p < .001 
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Table 8 
Zero Inflated Negative Binomial Regression Predicting Wave 5 Days Used Alcohol and Wave 5 Times Used Alcohol Per Day by  

Disaster Exposure, Peer Victimization   

  Wave 5 Days Used Alcohol Wave 5 Times Used Per Day 
Blocks Predictor M1 M2 M3 M1 M2 M3 
Control variables Age -0.06 -0.08 -0.08 0.00 0.04 0.03 
Block 1 Aggression 0.08 0.03 0.03 0.07** 0.08 0.11 
        
Main effects Exposure  -0.10 -0.10  -0.22 0.16 
Block 2 Victimization  0.03 0.02  0.02 -0.14 
        
2-way interactions Exposure*Victimization   -0.01   -0.54 
Block 3        
Variables Predicting Zero Inflation  
 Age -0.11 -0.13 -0.13 -0.04 -0.00 -0.01 
 IC 0.20 0.83 0.82 0.16 0.25 0.17 

Note. NBR regression coefficient models log of the expected count as a linear function of predictor variables.  

Zero inflated component models likelihood of being a current non-user. 

* p < .05. ** p < .01. *** p < .001 
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Table 9 
Zero Inflated Negative Binomial Regression Predicting Wave 5 Days Used Marijuana and Wave 5 Times Used Marijuana Per Day by 

Disaster Exposure, and Temperamental Fear and Inhibitory Control 

  Wave 5 Days Used Marijuana Wave 5 Times Used Per Day 
Blocks Predictor M1 M2 M3 M4 M1 M2 M3 M4 
Block 1 Age -0.03 0.01 -0.00 0.00 -0.01 0.02 0.03 0.07* 
          
Block 2 Exposure  0.24* 0.62** 1.02*  0.07 0.28* 0.01 
 Fear  -0.81* 0.12 0.35  0.76 0.60 0.85 
 IC  0.15 0.60 0.36  -0.18 -0.23 -0.34 
          
Block 3 Exposure*Fear   -1.00 -1.61*   -0.51 0.11 
 Exposure*IC   0.04 1.02   0.28 -0.00 
 Fear*IC   -0.13 0.61   0.20 -0.21 
          
Block 4 Exposure*Fear*IC    -1.81    0.65 
Variables Predicting Zero Inflation     
 Age -0.18 -0.02 -0.03 -0.02 -0.05 -0.02 -0.01 0.01 
 IC 0.07 -0.00 0.27 0.06 0.25 0.20 0.14 0.07 

Note. NBR regression coefficient models log of the expected count as a linear function of predictor variables.  

Zero inflated component models likelihood of being a current non-user. 

* p < .05. ** p < .01. *** p < .001 
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Table 10 
Zero Inflated Negative Binomial Regression Predicting Wave 5 Days Used Marijuana and Wave 5 Times Used Marijuana Per Day by  

Disaster Exposure, Peer Victimization   

  Wave 5 Days Used Marijuana Wave 5 Times Used Per Day 
Blocks Predictor M1 M2 M3 M1 M2 M3 
Control variables Age -0.03 0.09 0.09 -0.01 0.13 0.15** 
        
Main effects Exposure  1.28*** 1.37**  0.04 0.06 
Block 2 Victimization  1.02* 0.77  0.38 0.25 
        
2-way interactions Exposure*Victimization   -0.22   -0.14 
Block 3        
Variables Predicting Zero Inflation  
 Age -0.18 -0.00 -0.00 -0.05 0.06 0.13 
 IC 0.07 -0.00 -0.01 0.25 -0.28 -0.64 

Note. NBR regression coefficient models log of the expected count as a linear function of predictor variables.  

Zero inflated component models likelihood of being a current non-user. 

* p < .05. ** p < .01. *** p < .001 
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Figure 1 

Survival probability for alcohol use initiation stratified by ± 1 standard deviation of inhibitory control 

 

Note. Kaplan-Meier plot visualizing the effect of inhibitory control on alcohol use initiation. Survival estimates are stratified by -1 

standard deviation from the mean of inhibitory control, the mean of inhibitory control, and +1 standard deviation from the mean of 

inhibitory control.  
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Figure 2 

Survival probability for alcohol use initiation grouped by severity of disaster exposure and stratified by ± 1 standard deviation of fear  

 

Note. Kaplan-Meier plots visualizing the moderating effect of temperamental fear on the relationship between disaster exposure 

severity and alcohol use initiation. Kaplan-Meier plots have been separated by -1 standard deviation from the mean of exposure 

severity, the mean of exposure severity and +1 standard deviation from the mean of exposure severity. Survival estimates are stratified 

by -1 standard deviation from the mean of fear, the mean of fear and +1 standard deviation from the mean of fear.  

 

 

 

 

 

Low Exposure Moderate Exposure High Exposure  



 
 

 70 

Figure 3  

Interaction of inhibitory control and exposure predicting the number of days smoked in the last 30 days 

 

Note. Line graph visualizing the moderating effect of inhibitory control on the relationship between disaster exposure severity and the 

predicted count of days smoked in the last 30 at Wave 5. Low/high designations for inhibitory control and disaster exposure severity 

are defined as ±1 standard deviation from the mean of each. 
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Figure 4 

 Interaction of temperamental fear and inhibitory control in predicting the number of drinks per day   

 

Note. Line graph visualizing the moderating effect of fear on the relationship between inhibitory control and the predicted count of 

drinks per day at Wave 5. Low/high designations for fear and inhibitory control are defined as ±1 standard deviation from the mean of 

each.
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APPENDIX 

 
 Correlations between demographic variables and substance use initiation and frequency. 

 
This appendix includes tables containing correlations between demographic variables age, race, 

gender, aggression and income, predictor variables exposure, fear, inhibitory control and peer 

victimization, and substance use initiation and frequency outcomes for cigarette, alcohol, and 

marijuana use.  
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APPENDIX A1 
 
Correlations Between Demographic Variables, IVs and Smoking Initiation 
 

  N M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Age 331 135.67 11.55 - 
     

 
 

      

2. Race 331 0.77 0.41 0.06 - 
       

 
 

 
 

 
 

 
 

3. Gender 331 0.64 0.47 0.02 -0.02 - 
          

4. Aggression 321 10.92 5.86 -0.04 -0.08 0.10 - 
         

5. Income 323 4.47 3.24 -.13* -.26*** 0.11* -0.04 - 
        

6. Exposure 285 2.51 1.90 0.01 0.17** 0.02 0.19** -0.09 -    

7. Fear 323 2.78 0.67 0.01 0.00 -0.05 0.09 -0.02 0.07 -   

8. Inhibition 323 2.79 0.75 0.08 0.15** 0.01 -.22*** -0.08 0.02 0.06 -  

9. Victimization 185 0.29 1.00 -0.05 -0.13 0.11 0.01 0.16* -.17* 0.05 -0.08 - 

10. Wave 2 Smoking 331 0.04 0.20 0.07 -0.06 0.06 -0.01 0.03 0.06 -0.03 -0.06 -0.02 - 

11. Wave 3 Smoking 309 0.08 0.27 0.06 -0.14* 0.02 -0.01 0.05 0.10 0.02 -0.07 -0.00 .71*** - 

12. Wave 4 Smoking 292 0.19 0.39 0.16** -0.15** 0.03 0.04 0.11 0.04 -0.02 -0.13* 0.07 .46*** .64*** - 

13. Wave 5 Smoking 276 0.26 0.43 .23*** -0.17** 0.09 0.10 0.04 0.02 0.05 -0.09 0.06 .38*** .54*** .84*** - 

* p < .05. ** p < .01. *** p < .001 
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APPENDIX A2 
 
Correlations Between Demographic Variables, IVs and Alcohol Use Initiation 
 

  N M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Age 303 135 11.54 - 
     

 
 

      

2. Race 303 0.77 0.41 0.02 - 
       

 
 

 
 

 
 

 
 

3. Gender 303 0.67 0.47 0.04 0.00 - 
          

4. Aggression 296 4.42 3.25 -0.14* -.27*** 0.10 - 
         

5. Income 303 7.90 18.54 -0.11* 0.12* 0.08 -0.09 - 
        

6. Exposure 260 2.58 1.93 -0.01 0.14* -0.01 -0.09 0.14* -    

7. Fear 296 2.79 0.68 0.00 -0.02 -0.09 -0.02 0.08 0.06 -   

8. Inhibition 296 2.80 0.75 0.13* 0.16** -0.00 -0.07 -0.13* 0.02 0.04 -  

9. Victimization 171 0.27 0.98 -0.04 -0.08 0.06 0.17* 0.00 -.20* 0.02 -0.08 - 

10. Wave 2 Alcohol 303 0.06 0.24 0.01 -0.05 0.02 0.04 -0.10 0.15* 0.06 -0.08 0.04 - 

11. Wave 3 Alcohol 284 0.13 0.34 0.01 -0.12* -0.01 -0.00 -0.10 0.13* 0.13* -0.11 0.02 .68*** - 

12. Wave 4 Alcohol 268 0.27 0.44 0.10 -0.03 -0.00 -0.01 -0.03 0.10 0.05 -0.09 0.05 .45*** .66*** - 

13. Wave 5 Alcohol 255 0.39 0.48 0.12* -0.09 -0.01 0.00 -0.05 0.04 0.05 -0.12* 0.03 .36*** .52*** .80*** - 

* p < .05. ** p < .01. *** p < .001 
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APPENDIX A3 
 
Correlations Between Demographic Variables, IVs and Marijuana Use Initiation 
 

  N M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Age 343 135 11.49 - 
     

 
 

      

2. Race 343 0.77 0.41 0.05 - 
       

 
 

 
 

 
 

 
 

3. Gender 343 0.64 0.47 0.02 -0.01 - 
          

4. Aggression 335 4.43 3.22 -0.13* -.26*** 0.11* - 
         

5. Income 343 7.77 19.41 -0.10* 0.07 0.11* -0.03 - 
        

6. Exposure 294 2.57 1.97 -0.01 0.16** 0.01 -0.11 0.11* -    

7. Fear 335 2.79 0.67 -0.00 0.00 -0.04 -0.02 0.07 0.09 -   

8. Inhibition 335 2.79 0.75 0.09 0.14** 0.01 -0.08 -0.10* 0.02 0.06 -  

9. Victimization 192 0.26 0.98 -0.05 -0.09 0.08 0.17* 0.02 -.16* 0.04 -0.11 - 

10. Wave 2 Marijuana 343 0.00 0.09 0.10* 0.05 0.06 0.01 0.00 0.05 0.00 -0.06 -0.12 - 

11. Wave 3 Marijuana 319 0.01 0.13 0.15** -0.03 0.05 0.01 -0.11* 0.10 0.03 -0.03 -.14* .70*** - 

12. Wave 4 Marijuana 298 0.15 0.36 .20*** -0.06 -0.00 0.04 -0.00 0.09 0.08 -0.04 0.02 .23*** .33*** - 

13. Wave 5 Marijuana 281 0.24 0.43 .25*** -0.02 0.07 0.039 0.03 0.08 0.07 -0.07 0.07 0.18** .25*** .77*** - 

* p < .05. ** p < .01. *** p < .001 
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APPENDIX A4 

Correlations Between Demographic Variables, IVs and Substance Use Frequency at Wave 5 
 

  N M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14  
1. Age 346 135 11.58 - 

     
  

       

2. Race  346 .77 .41 0.04 -      
 

  
  

            

3. Gender 346 .65 .47 0.02 -0.01 -  
           

4. Income  338 4.42 3.21 -0.13* -.25*** 0.11* -   
         

5. Aggression 336 11.03 5.87 -0.04 -0.11* 0.10 -0.04 -   
        

6. Exposure 297 2.56 1.96 -0.01 0.16** 0.00 -0.11* 0.21*** - 

7. Fear 338 2.79 .67 0.00 0.00 -0.04 -0.02 0.09 0.09 - 

8. Inhibition 338 2.79 .74 0.09 0.13* 0.01 -0.09 -.20*** 0.02 0.06 - 

9. Victimization 195 .27 .99 -0.07 -0.11 0.09 0.16* 0.00 -0.16* 0.04 -0.08 - 

10. Days Smoking 275 .08 .55 0.04 -.20*** -0.04 0.02 0.02 0.07 0.02 -0.01 0.139 - 

11. Per Day Smoking 275 .08 .48 0.04 -.21*** 0.02 0.04 0.01 0.04 0.02 -0.06 0.10 0.89*** - 

12. Days Alcohol 275 .07 .39 -0.03 -0.08 0.03 -0.00 0.14* 0.05 0.10 0.03 0.09 0.06 0.0601 - 

13. Per Day Alcohol 275 .17 .63 0.07 -0.10  0.04  0.03 0.18** -0.02 0.07 -0.03 0.08 0.14* 0.15* 0.66*** - 

14. Days Marijuana  275 .10 .59 0.06 -0.01 0.00 0.03 0.07 0.17** 0.01 0.01 0.04 0.44*** 0.34*** 0.05 0.02 - 

15. Per Day Marijuana 275 .13 .51 0.09 0.036 0.07 -0.00 0.11 0.08 0.07 -0.01 0.09 0.31*** 0.36*** 0.23*** 0.19** 0.54*** 

Note. Days = Days in the last 30; Per Day = Use per day  

* p < .05. ** p < .01. *** p < .001 


