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Abstract 

Lower performance on measures of neuropsychological and academic ability has been 

noted in adolescents with either Type I Diabetes Mellitus (T1DM) or exposure to traumatic life 

events. This present study looked to gather information on trauma exposure and symptoms in 

adolescents with T1DM. The first aim was to compare the neuropsychological and academic 

achievement performance of Type I Diabetes Mellitus positive adolescents who had experienced 

a traumatic event with those who had not. Second, the study explored if T1DM positive 

adolescent’s performance on neuropsychological and academic achievement could be predicted 

by the number and severity of traumatic stress symptoms they experienced. Finally, the study 

aimed to explore the nature of trauma exposure of its T1DM positive adolescent participants. 

 Results found limited evidence participants who self-reported trauma exposure performed 

worse than those who did not on a measure of perceptual reasoning; those with parent-reported 

trauma exposure scored lower on a measure of visual perception and reasoning as well as an 

assessment of calculation ability than those whose parents did not. As trauma symptoms scores 

as reported by either self- or parent-report increased, participant scores on measures of general 

cognitive ability and attention decreased. As self-reported trauma symptoms increased, 

performance on perceptual reasoning and psychomotor ability decreased. As parent-reported 

trauma symptoms increased, vocabulary and verbal abilities decreased. In addition to the results 

noted for trauma symptom scores, the as the number of self-reported symptoms increased, 

executive functioning, vocabulary, and verbal abilities decreased. While parent-reported trauma 

symptoms were not associated with decreased performance on any academic measure, as self-

reported trauma symptoms scores increased math calculation, reading comprehension, and 

writing fluency scores decreased.  
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Chapter 1: Introduction 

 This chapter provides an overview of research relevant to experiencing traumatic events 

in childhood. It will provide an overview of the study’s theoretical framework including history, 

prevalence, and its impact on children’s ability to succeed educationally and emotionally in 

school settings.  It will review research findings related to cognitive and achievement 

performance as well as associated neurobiological functioning. This chapter will also address 

gaps in the current literature, specifically in the context of overall school performance and the 

specific impact of medically-related traumatic exposure such as those associated with Type 1 

Diabetes Mellitus (T1DM). This chapter concludes by outlining this studies purpose, specific 

areas of focus, hypotheses, and definitions of key terms. 

Scope of the Problem 

Individuals who have been exposed to traumatic events can display anxiety, anger, and 

sadness amongst other emotional consequences (Cohen, Mannarino, & Deblinger, 2006). 

Research has shown that youth who are exposed to traumatic events are more likely than their 

typical peer to receive school discipline referrals, have poor grades, repeat a grade, receive 

special education services, and have poor attendance (Eckenrode et al., 1993; Hurt, Malmud, 

Brodsky, & Giannetta, 2001; Shonk, & Cicchetti, 2001). Although it is difficult to estimate the 

incidence of trauma exposure in children and adolescents, it is clear the issue is all too common 

(Fairbank, 2008). 

 Chronic illnesses are long-term medical conditions that, with few exceptions, will require 

continuous treatment. Common chronic illnesses include diabetes, epilepsy, those of a 

cardiovascular nature, arthritis, respiratory conditions such as asthma, and diseases of the 

immune system such as HIV/AIDS. Though these illnesses manifest in ways completely 
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different from one another, they are tied together by the similar experiences shared by those who 

suffer from them (Dowrick, Dixon-Woods, Holman, & Weinman, 2005). Individuals with these 

conditions quickly learn that their lives are changed; their health now requires continuous 

maintenance that is foreign to nearly all of their peers. As May (2005) phrased it, those with 

chronic illness “have to learn a new mode of living, explain this to their family and friends, 

become the odd one out, and live, daily, with their failure to follow their instructions perfectly” 

(p. 24). Chronic illnesses add an additional layer of complexity onto everyday life stressors. An 

article published in the Journal of the American Medication Association in 2010 estimated that 

the prevalence of chronic medical conditions in children increased from 12.8% in 1994 to 26.6% 

in 2010 (Van Cleave, Gortmaker, & Perrin, 2010). Despite the large number of individuals 

exposed to a traumatic event and those who have a chronic illness, relatively little research has 

analyzed how these experiences manifest when present together. The proposed study seeks to 

narrow this research gap by examining exposure to traumatic events in children with T1DM.  

T1DM is this third most common pediatric chronic health condition and evidence has 

suggested that it is on the rise (Gage et al., 2004). It is a serious illness with potentially severe 

consequences, if not constantly monitored and maintained. Most concerning is that youth with 

T1DM have repeated exposure to their condition on a daily basis, making it impossible to avoid 

the reminding cues of the traumatic event related to their medical disease.   

Exposure to Traumatic Events 

 The National Child Traumatic Stress network (NCTSN) is a government-funded coalition 

of providers, researchers, and families that aims to pool knowledge and resources to improve the 

care of traumatized children. The NCTSN defines trauma as being exposed to an event or events 

that threatens and impinges on the safety or wellbeing of yourself or others (NCTSN, 2003). 
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Some examples of these types of events include school shootings, terrorism, natural and man-

made disasters, injury, chronic medical conditions, and serious illness. Defining what precisely is 

traumatizing is difficult, not only because the opinions of experts and organizations may differ, 

but also because those who experience those events respond differently. For example, two 

individuals from similar backgrounds could each be involved in a car accident and leave with 

similar physical wound but experience disparate psychological consequences. For an event to be 

considered “traumatic” it, therefore, must not only impinge on the safety or wellbeing of the 

individual, but also overwhelm their ability to cope, resulting in an adverse behavioral or 

emotional response (Perfect, Turley, Carlson, Yohanna, & Saint Gilles, 2016). Please refer to 

Figure 1 for a visual representation of how traumatic events and traumatization are associated. 

Traumatic Stress Symptoms 

 Exposure to trauma has been associated with problems in the realms of emotion, 

behavior, and cognition. Emotional reactions to trauma include: change in mood, sadness, anger, 

and fear (Cohen et al., 2006; NCTSN, 2003). These reactions can initially occur out of instinct. 

For example, it is quite understandable that a child involved in a car accident could automatically 

respond with fear. The child may then believe that cars or driving on the highway are dangerous. 

Therefore, emotional responses can also be learned. These emotional problems can expand, 

generalize, and become mental health issues. Behaviorally, individuals who have experienced 

trauma often become avoidant of trauma reminders and the emotions associated with the 

traumatic event. Additional maladaptive behaviors that are known to stem from experiencing 

traumatic events include: bullying, aggression, sexualized behavior, and truancy (Cohen et al., 

2006). Cognitively, traumatic event exposures, as well as the presence of emotional and 

behavioral symptoms, have been associated with decreased performance and tests of executive  
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Figure 1.  The Association of Traumatic Events and Traumatization 

 

functioning, memory, attention, language, and intelligence (Perfect et al., 2016; Turley & 

Obrzut, 2012). As Cohen and colleagues (2006) observed, individuals who have been exposed to 

traumatic events can also develop cognitive distortions and irrational beliefs, such as thinking 

that no one is worthy of trust or that their own actions are the cause of negative events that are 

not in their control.  
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Type 1 Diabetes Mellitus 

In a typical individual, insulin produced by the pancreas maintains blood sugar levels. 

However, in an individual with T1DM, the pancreas is compromised and unable to produce the 

insulin necessary to regulate blood sugars. As a result, injections are required to replace the 

missing insulin. Unfortunately, due to the many variables involved (such as meal intake and 

physical activity), insulin dosing and blood glucose management is difficult. As a result, 

hypoglycemia (low blood glucose) and hyperglycemia (high blood glucose) can occur. 

Hypoglycemia has been found to be associated with abnormal cognitive functioning, negative 

mood states, seizures, coma, and even death. Hyperglycemia can result in heart problems, nerve 

damage, and impaired vision (Bennett Johnson, Perview, & Silverstein, 2000; Perfect, 2014).  

Children and adolescents with T1DM are at additional risk for stress and exposure to 

traumatic life events. It is not uncommon for an individual with T1DM to first receive the 

diagnosis at the hospital following a visit to the emergency room (Silverstein et al., 2005). Not 

only may the experience of being so ill that a visit to the hospital was required be traumatizing, 

but a hospital visit that ends with a diagnosis of a chronic illness can result in fear, confusion, 

and a feeling of loss. An individual with T1DM who experienced their initial diagnosis event as 

traumatizing is reminded of the event multiple times per day as they manage their condition; it is 

not avoidable and being traumatized again is possible. Even those that were not traumatized at 

their initial diagnosis have more opportunities than their T1DM negative peers to experience 

traumatic events in the future; they are at increased risk for future illness, bullying, and 

hospitalization (Winer, 2009).  

Attempts have been made to quantify the additional day-to-day stresses experienced by 

youths with T1DM who their healthy peers avoid. Once such measure is the Diabetes Stress 



    22 
TRAUMA AND TYPE 1 DIABETES 

Questionnaire for Youths (DSQY; Delamater, Patiño-Fernández, Smith, & Bubb, 2013). The 

DSQY includes stressors that are fairly intuitive (e.g. taking insulting injects and various medical 

complications) as well as those that are less obvious such as worry about the cost of the disease 

on the family, not being able to have sleepovers at friends’ homes, and being unable to get a 

snack when the need or wish to (Delamater et al., 2013). These constant stressors, the daily re-

exposures to traumatic experiences and cumulative experiences make T1DM particularly 

important to examine in the context of traumatic stress. As Alonzo (2000) observed, the 

cumulative experiences of chronic illnesses not only amount to traumatic experiences, but also 

can erode overall coping ability, making those experiences more likely to result in trauma. In 

those with T1DM, this might result in avoidant behaviors that lead to worse blood glucose 

control, which can then lead to more conflict in general or biological problems that increase 

anxiety, stress, and lower overall resilience. Please refer to Figure 2 for a visual representation of 

this relationship. 

The Impact of Traumatic Event Exposure Among Youth with T1DM  

 There is evidence to suggest that, compared to healthy youth, cognitive and academic 

performance is lower is individuals with T1DM (Gaudieri, Chen, Greer, & Holmes, 2008; Ryan, 

Vega, Longstreet, & Drash, 1984; Semenkovich et al., 2015) as well as those who have been 

exposed to traumatic events (Perfect et al., 2016). At this time, it is unknown if individuals with 

T1DM and traumatic stress symptoms perform similarly or even lower than those who have only 

one of these adversities. Additionally, there is evidence to suggest that T1DM and traumatic 

stress symptoms affect similar areas of the brain. For example, the hypothalamic-pituitary-

adrenal (HPA) system helps the body respond to stress through glucocorticoids. In individuals 

who display significant symptoms of trauma, abnormalities of both structure and functioning  
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Figure 2.  The Association of T1DM Stressors and Traumatization 

 

exist in areas of the brain that are involved in the HPA system. Researchers have also observed 

abnormal functioning in the HPA axis in individuals with T1DM (Torres et al., 2013). That 

T1DM negatively affects an area of the brain known to deal with stress and anxiety leads one to 

wonder if they are neurobiologically predisposed to have symptoms of traumatic stress. 
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Additionally, this region of the brain is known to play a role in attention and executive 

functioning. 

Purpose of Study 

 Children and adolescents with T1DM as well as those who have experienced a traumatic 

event tend to have lower performance on cognitive and academic achievement measures. There 

is a need to investigate how exposure to a traumatic event, and the traumatic stress symptoms 

that develop, impact the performance of those with T1DM on cognitive and academic measures; 

a group of individuals who are already more likely to perform lower than the average person on 

those measures. Additionally, those with T1DM may be at greater risk for exposure to events due 

to potential medical issues that may arise as a result of their condition.  

1. Question: How does neuropsychological performance differ between adolescents with 

T1DM who had self- and/or parent-reported trauma-exposure and those who did not?  

a. Hypothesis: Adolescents with T1DM with a history of traumatic event exposure 

will perform significantly worse on tests of neuropsychological performance than 

those who did not have a reported traumatic event exposure.  

2. Question: How does academic achievement differ between adolescents with T1DM who 

had self- and/or parent-reported trauma-exposure and those who do not?  

a. Hypothesis: Adolescents with T1DM with a history of traumatic event exposure 

will perform significantly worse on tests of academic achievement than those who 

did not have a reported traumatic event exposure. 

3. Question: What is the relative contribution of traumatic stress symptoms on 

neuropsychological performance in adolescents with T1DM? 
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a. Hypothesis: Adolescents with greater self- and parent-reported traumatic stress 

symptom total scores (i.e. more frequent occurrences of neuropsychological 

traumatic stress symptoms) will perform significantly worse on tests of 

neuropsychological performance than those with lower traumatic stress symptom 

total scores. 

b. Hypothesis: Number of self- and parent-reported traumatic stress symptom will be 

associated with lower scores on tests of cognitive functions. 

4. Question: What is the relative contribution of traumatic stress symptoms on academic 

performance in adolescents with T1DM? 

a. Hypothesis: Adolescents with greater self- and parent-reported traumatic stress 

symptom total scores (i.e., more frequent occurrences of neuropsychological 

traumatic stress symptoms) will perform significantly worse on tests of academic 

achievement than those with lower traumatic stress symptom total scores. 

b. Hypothesis: Number of self- and parent-reported traumatic stress symptom will be 

associated with lower scores on tests of academic achievement. 

5. Descriptive Analysis: What is the nature of trauma-exposure, traumatic stress symptom, 

self- and parent-reported, in adolescents with T1DM? How does this population compare 

with other adolescent populations reported in current scientific literature?  

Definition of Terms  

This paper, utilizes numerous relevant terms. Definitions have been provided for the 

following terms that are based on present scientific literature. 

Academic Achievement – The extent to which an individual has acquired the 

information expected of them as compared to peers of the same age or level of education 
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Adverse Event – See traumatic event.  

HbA1C – Refers to glycated hemoglobin. In all individuals, excess glucose in the blood 

stream binds to the hemoglobin in red blood cells. Individuals who have poor control of their 

blood sugars will have longer or more frequent periods of hyperglycemia and in turn have higher 

HbA1C numbers. Given this fact, HbA1C has scores are monitored in individuals with T1DM to 

measure their blood glucose control with higher scores indicating poorer control. 

Hyperglycemia – Occurs when there is not enough insulin to metabolize ingested 

glucose, resulting in elevated blood sugar levels. Short-term symptoms include blurred vision, 

difficulty concentrating, excessive thirst, and headaches.   

Hypoglycemia – Occurs when there is an excess of insulin relative to ingested glucose, 

resulting in a drop in blood sugar levels. Short-term symptoms include confusion, difficulty 

speaking, loss of coordination, and loss of consciousness amongst others. 

Impairment – Lower than expected ability in a given cognitive, physical, or 

psychological ability as compared to the performance of peers of the same age or level of 

education or compared to one’s own typical ability 

Intelligence Quotient (IQ) – a measure of an individual’s cognitive ability(ies) as 

compared to peers of the same age or level of education 

Posttraumtic Stress Disorder (PTSD) – A mental disorder that arises following one or 

more event(s) that threatens the safety or wellbeing of the individual experiencing it that could 

result in a negative, lasting effects on health and well-being 

Traumatic Event – Any event that threatens the safety or wellbeing of the individual 

experiencing it that could result in a negative, lasting effects on health and well-being. 

Technically, such events could more accurately be referred to as potential traumatic events, but 
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the literature at large uses it in this manner for simplicity sake. As such, this term will be used to 

refer to these traumatic events though out this paper. 

Type 1 Diabetes Mellitus (T1DM) – Total insulin deficiency as the result of the 

destruction of pancreatic beta cells  

Trauma Symptom(s) – Symptoms that result due to exposure to an adverse or traumatic 

event typically including any of the following: intrusive thoughts, persistent avoidance, negative 

cognition and/or affect, and alterations in arousal 
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Chapter 2: Literature Review 

 This chapter reviews relevant literature, beginning with a conceptualization of trauma, 

outline the how experiencing a traumatic event and being traumatized relate to one another. A 

summation of the neurobiological effects of trauma follows. Next, research in the areas of 

cognitive and academic functioning of youth who have experienced traumatic events is 

described. Following the review of cognitive and academic functioning in individuals who have 

been exposed to traumatic events, an overview of Type 1 Diabetes Mellitus is completed as well 

as a review of research findings specific to medical trauma.  

Traumatic Event Exposure 

The variability in conceptual definitions of trauma and the methodologies employed to 

determine if an individual has been exposed to a traumatic event has created a challenge to 

estimate prevalence and differential impact of different events (Perfect et al., 2016). Typically, 

examiners have identified adolescents who had experienced a traumatic event via 

parent/guardian-report (Daud, af Klinteberg, & Rydelius, 2008; DePrince, Weinzierl, & Combs, 

2009), self-report (Delaney-Black et al., 2002; Saltzman, Weems, & Carrion, 2006; Thompson & 

Massat, 2005), records review (Barrera, Calderón & Bell, 2013; Briscoe-Smith & Hinshaw, 

2006; Viezel, Freer, Lowell, & Castillo (2015), clinician interview (Daud & Rydelius, 2009; 

Schoeman, Carey, & Seedat, 2009), or a combination of more than one of these methods 

(Bosquet Enlow, Egeland, Blood, Wright, & Wright, 2012; De Bellis, Woolley, & Hooper, 2013; 

Henry, Sloane, & Black- Pond, 2007). As discussed earlier, defining what does and what does 

not constitute a trauma is difficult because individuals respond differently to such experiences as 

well as the psychological and social resources they have at their disposal. Agaibi and Wilson 

(2005) identified five factors that influence an individual’s ability to cope with trauma: 
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personality, affect, coping style, ego, and protective factors and resources. Personality traits such 

as hardiness, high self-efficacy, and an external locus of control were associated with greater 

resiliency, as displaying a positive effect. Positive coping mechanisms, such as positive 

appraisal, creativity, and active problems solving, were similarly associated with positive results 

following traumatic event exposure. Research associated high ego resilience with high trauma 

resilience. The review of literature found that individuals with high ego resilience were flexible, 

utilized humor, and exhibited assertiveness. The final variable identified, protective factors and 

resources, including any number of assets including those that are economic, familial, social, and 

internal (e.g. intelligence, problem solving, etc; Agaibi & Wilson, 2005). One resource that 

adolescents have is the individuals around them. A study that examined children exposed to war 

found that those whose parents coped well following a traumatic event were less likely to 

develop traumatic stress symptoms (Laor, Wolmer, & Cohen, 2001). 

Prevalence of traumatic event exposure. Boney-McCoy and Finkelhor (1995) 

conducted a telephonic survey of youths between the ages of 10 and 16 and exclusively collected 

information regarding victimization (such as physical and sexual assault). Over one-third of their 

respondents, 40.5%, reported either witnessing trauma or being victims. The ACE study brought 

great attention fact that childhood exposure to traumatic experiences is all too common. From 

1995 to 1997, 17,337 individuals participated in the study that involved completing a physical 

examination and a survey that asked questions regarding their health, behaviors, and history of 

childhood maltreatment and family dysfunction. In all, nearly two-thirds, 63%, of the 

participants reported experiencing at least one of the probed for traumatic events during their 

childhood (Felitt & Anda, 1997). Based on this estimate, one could expect that 19 students in 

classroom of 30 high school seniors to have experienced a traumatic event. Many estimates of 
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prevalence followed the ACE study that examined different populations sampled and defined 

traumatic events in diverse ways. Saunders and Adams (2014) completed a review of studies 

based in the United States that attempted to identify the prevalence of traumatic event exposure 

in individual’s ages 17 and younger. The study reported the following prevalence rate estimates 

for categories of traumatic events: 9-19% physical assault, 8-12% sexual assault, 38-70% 

witnessed community violence, 10% domestic violence, 20% friend/loved one died of homicide, 

29% bullying, 9% internet bullying, and 20-25% exposed to a natural or man-made disaster. 

Additionally, their review of the literature found that it was fairly common for children and 

adolescents to be exposed to multiple types of trauma, polyvictimization, with estimates ranging 

from 20% to 48% of the surveyed populations (Saunders & Adams, 2014). For those with a 

chronic illness, there are many opportunities to experience events that may be traumatizing 

(Alonzo, 2000). In individuals with T1DM, this can include experiences such as the events 

leading up to their diagnosis (such as severe illness and hospitalization), the diagnosis itself, and 

family reactions to the diagnosis. It can also include accumulated experiences, such as daily 

blood sugar management, hyper/hypo glycemic reactions, and peer interactions. The following 

sections will touch on prevalence studies for some of the more common types of traumatic 

experiences that might come up in the school setting. 

Exposure to violence, sexual and physical assault, and maltreatment. In a 2013 study, 

Finkelhor, Turner, Shattuck, and Hamby sought to estimate childhood exposure to violence, 

crime, and abuse by dialing random phone numbers to identify households for which there was at 

least one child between the ages of one month and 17 years of age. The study obtained additional 

participants by mailing brief questionnaires to a random sampling of nationwide addresses; 

researchers contacted the homes that returned questionnaires indicating at least one individual 
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aged 17 and younger in residence for inclusion in the study. Children between the ages of 11 and 

17 were interviewed directly while the parents of those under the age of 11 were asked to answer 

questions on their child(ren)’s behalf. All respondents completed the Juvenile Victimization 

Questionnaire, a measure designed to gather victimization information for the areas of: 

maltreatment, sexual abuse, crime, Internet victimization, witnessing/indirect victimization, and 

sibling/peer victimization. Results indicated that within the last year 41.2% of children 

experienced a physical assault. A quarter of those who experienced a physical assault received an 

injury during and assault. When incidences beyond the last year were considered, 54.5% of 

respondents experienced a physical assault. Over a quarter of all participants, in their lifetimes, 

experienced maltreatment from a caregiver the most common of which was emotional abuse, 

14.9%. When children of all ages were considered, 4.1% were determined to have experienced 

sexual assault. This number, however, was much higher, 17.4%, in females ages 14 and up 

(Finkelhor et al., 2013). 

Since 1988, child welfare agencies from all states and territories in the United States have 

been providing specific data to the National Child Abuse and Neglect Data System (NCANDS) 

so that information gathered from across the country regarding child abuse and victimization is 

uniform. Although this information only captures a subset of individuals, officials investigate 

reports of maltreatment to determine incident authenticity and severity. The most recent data 

available are from 2014 and was made available this year (U.S. Department of Health & Human 

Services, 2016). In 2014, approximately 6.6 million children had at least one CPS referral; with 

an estimated 702,208 individuals were determined to be victims of childhood maltreatment. An 

estimate indicated that 9.4 children per 1,000 were victims of maltreatment. Of those who were 

not victims of a substantiated abuse claim, 890,889 additional children received supports and 



    32 
TRAUMA AND TYPE 1 DIABETES 

services. This indicates that sufficient dangers or challenges were present in the home that the 

state welfare staffers believed the home required supports to ensure it was a safe environment. 

The majority of children experienced only one type of maltreatment, but 14.2% experienced two 

or more. The most commonly experienced type of maltreatment was neglect (75%) followed by 

physical abuse (28%), sexual abuse (8.3%), and psychological maltreatment (6%; U.S. 

Department of Health & Human Services, 2016). 

 Domestic violence. Researchers conducted a large study that randomly sampled homes 

across the US and interviewed adolescents sought to estimate the prevalence of witnessing 

parental violence as well as determine the resulting mental health consequences. Results 

estimated that 8.9% of adolescents, equating to 2.3 million people, witnessed parental violence; 

the most common of which was one parent striking the other. Of those who witnessed parental 

violence, 13.2% of females and 6.9% of males responded to interview questions in a manner 

consistent with an individual possessing a PTSD diagnosis (Zinzow et al., 2009). Polillo (2003) 

discussed a number of observed outcomes associated children and adolescents who had 

witnessed domestic violence. In school-aged children, literature noted learning and emotional 

difficulties. Children who witnessed domestic violence had lower self-esteem than their peers 

and were less optimistic about their futures. Also concerning was that trauma victims were found 

to be at risk for having increased aggression, social isolation, and increased likelihood to be 

victimized or to engage in domestic violence as they got older. Adolescents who experienced a 

traumatic event were more likely than their peers to be rebellious, promiscuous, use illegal 

substances, and drop out of high school. Overall, individuals who witnessed domestic violence 

were more likely to have anxiety, depression, and act out with parents and siblings (Polillo, 

2003). 
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Bullying. Bullying occurs when one person or group engages in repeated physical or 

verbal aggressions against another individual or group who has less relative power than the 

aggressors (Bauman, Toomey, & Walker, 2013). In their 2007 study, Williams and Guerra 

surveyed 5th, 8th, and 11th graders at 65 local school sites on the subject of school bullying and 

school climate as a whole. The results indicated that only 24.8% of participants reported that 

they had not experienced any bullying. Verbal bullying was the most common with 70.7% of 

respondents stating that they had experienced it. Fewer reported experiencing physical bullying, 

40.3%, and while 9.4% reported experiencing bullying on the Internet (Williams & Guerra, 

2007). Idsoe, Dyregrov, and Idsoe (2012) surveyed 8th and 9th graders in Norway for exposure to 

bullying and for symptoms of traumatic stress. Results indicated that 44.3% of males and 41.3% 

of females stated that they had experienced bullying in the past school year. Furthermore, 33.7% 

of bullied respondents reported significant traumatic stress symptoms, indicated that bullying 

may be a significant source of traumatic experiences. 

Janson and Hazler (2004) interviewed young adult participants (n = 77) twice, once to 

discuss instances of witnessing bullying and once to discuss instances when they were bullied. 

Investigators assessed traumatic stress symptoms by administering the Impact of Event Scale-

Revised and measured physiological such as skin conductance and heart rate. The results indicate 

that distress from bystanders and victims of bullying was similar to victims of life threatening 

experiences, such as natural disaster (Janson & Hazler, 2004). This indicates that bullying can be 

a significant source of stress and can result in the expression of traumatic stress symptoms. 

Medically-related traumatic event exposure. Notably absent from the estimates of 

traumatic event exposure has been coverage of exposure to medically related events. Traumatic 

event exposure related to a serious or frightening medical incident, as defined by the NCTSN 
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(2003), may occur after an individual or one of their loved ones experiences a major illness, 

invasive treatment or medical procedure, injury, or an event that resulted in physical pain. 

According to the Centers for Disease Control Prevention, 8.8 million children visit an emergency 

room in the United States in 2012; roughly 12% of the population in that age group (Bloom, 

Jones, & Freeman, 2013). This number includes only a portion of the children impacted by 

traumatic medical events each year, but it illustrates the magnitude of this issue. 

Traumatic Stress Symptoms and Posttraumatic Stress Disorder  

 Dating back thousands of years, a story about a king named Gilgamesh, a tyrannical 

leader until he met another person, named Enkindu, who proved to be his equal. Gilgamesh and 

this companion went on adventures until Enkindu died. The death of his friend changed 

Gilgamesh and he experienced behaviors that are now known to be characterized as symptoms of 

traumatic stress (Crocq & Crocq, 2000). Widespread understanding of the impact of traumatic 

event exposure and the manifestation of symptoms became apparent during World War I. During 

this era, the documented intense psychological distress that some soldiers experienced following 

combat experiences led to the creation of the concept referred to as “shell shock” (Crocq, & 

Crocq, 2000). It was coined this because it was often experienced by those who had survived 

artillery fire, also known as “shelling.” Shell shock had also been given names such as combat 

fatigue, war neurosis, and battle stress. Interest waned after World War I, but came back into 

focus when World War II began. Symptoms associated with shell shock included involuntarily 

re-experiencing the traumatic event, anxiety, hyperarousal, and sensitivity to stimuli related to 

associated with the initial traumatic event (Andreasen, 2010). Although its impact on soldiers 

may have been the impetus behind PTSD research and treatment, it is important to note that 

individuals of all ages and life experiences can be affected by traumatic experiences and their 
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aftermath. In fact, the occurrence in the pediatric population was not readily acknowledged until 

the ACE study was published (Felitti & Anda, 1997). 

 Diagnostic criteria. The American Psychiatric Association developed the first edition of 

the Diagnostic and Statistical Manual (DSM-I) in 1952 to create a standard set of guidelines in 

the diagnosis and treatment of various psychological disorders.  In the DSM-I, the transient 

personality disorders section possessed a category called Gross Stress Reaction.  A Gross Stress 

Reaction was said to occur as a reaction to war combat or a natural catastrophe and the intense 

fear involved in the experience. The authors did not outline specifics of this disorder other than 

to say that it was temporary diagnosis to be withdrawn in favor of another, more definitive 

diagnosis if the condition persisted (American Psychiatric Association Committee on 

Nomenclature and Statistics, 1952).  

 The subsequent edition of the DSM did not include any official diagnosis for disorders of 

traumatic stress, but the Vietnam War clearly demonstrated that there were psychological 

consequences to war. There were an estimated 700,000 veterans of the Vietnam War that 

required psychological help after their time in combat came to a close (Crocq, & Crocq, 2000). 

The DSM-III (1980) introduced the diagnosis of Posttraumatic Stress Disorder. Contributors 

broadened qualifying experiences to include any event that is outside of what one usually 

experiences and causes fear, terror or helplessness; in addition to war and natural disasters, this 

edition provided examples of physical or sexual assault and serious car accidents. To meet the 

criteria for PTSD, the individual must have experienced each of the following symptoms for at 

least one month: one or more re-experiencing symptom, three or more symptoms of avoidance, 

and display two or more behaviors associated with increased arousal. The DSM-III included 

language acknowledging that PTSD symptoms can occur in children but that they may present 
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differently than they do in adults (American Psychiatric Association Committee on 

Nomenclature and Statistics, 1980).  

 The diagnostic criteria remained much the same in the fourth edition of the DSM (1994). 

Contributors added one additional requirement to meet the threshold for PTSD; the symptoms 

needed to cause impairment or distress to their ability to function. The DSM-IV introduced a 

new diagnostic category that dealt with symptoms of trauma, Acute Stress Disorder. After 

experiencing a trauma, an individual can be said to have Acute Stress Disorder if they experience 

three or more dissociative symptoms, at least on re-experiencing symptom, avoidance, and 

anxiety or increased arousal. This disturbance must cause impairment to functioning and persist 

for at least two days but not more than four weeks. After four weeks of experiencing significant 

distress as a result of these symptoms, mental health providers must consider another diagnosis, 

such as PTSD (American Psychiatric Association Committee on Nomenclature and Statistics, 

1994). 

 The DSM-V was released in 2013 and further evolved the diagnosis of Posttraumatic 

Stress Disorder to be more sensitive. Contributors again expanded the types of events that one 

could experience that may be traumatizing to include repeated exposures, such as social workers 

being repeatedly exposed to details of abuse. Additionally, special considerations were in the 

diagnosis of children, particularly young children. Contributors descripted developmentally 

appropriate manifestations of traumatic stress symptoms for younger individuals. For example, 

the symptom of intrusion might occur in young children as nightmares that they cannot fully 

describe or repetitive play that contains theme or images from the traumatizing event (American 

Psychiatric Association, 2013). Such changes were needed as research has found that the DSM-

IV criterion did not fit well with children, particularly young children. As such, the rate of PTSD 
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diagnosis was much lower in children then adults (Scheeringa, Zeanah, Myers, & Putnam, 2003). 

In a study that examined children who were in the hospital due to injury found that children 

under the age of seven were unable to meet the three-symptom threshold to meet the PTSD 

criteria for avoidance and numbing, leading to under diagnosis. This problem has less 

pronounced, but still significant in older children (Scheeringa, Wright, Hunt, & Zeanah, 2006). 

The reorganization of symptomology as well as the additional allowances for developmentally 

equivalent manifestations of trauma, particularly the adjusted criteria now available for children 

ages six and under, should help lower the barrier present for PTSD diagnosis in children. 

Intrusion symptoms.  Behaviors associated with intrusion include re-experiencing 

distressing memories, repetitive/re-enactment play, recurrent dreams/nightmares, dissociative 

reactions such as flashbacks, and distress in response to thoughts associated, either directly or 

indirectly, to the experienced traumatic event (American Psychiatric Association, 2013). Cohen 

and colleagues (2006) discussed how traumatic stress symptoms may manifest in children. In 

children, intrusive thoughts and nightmares can be further complicated trauma may manifest in 

ways that do not directly link to the source of their trauma. As a result, the child may have 

difficulty understanding what is causing their discomfort and misattribute their feelings to some 

other source. This can result in new fears and generalizing these negative feelings to new stimuli. 

As a result, parents and practitioners should view newly developed fears of the recently 

traumatized child through the lens of trauma (Cohen, et al., 2006). 

Shannon, Lonigan, Finch, and Taylor (1994) described the traumatic stress symptoms 

exhibited by a large sample (n = 5,687) of children and adolescents (between the ages of 9 and 

19 years) who experienced a hurricane in South Carolina. In school, participants were orally 

administered a PTSD reaction index by a teacher three months after the hurricane. Responses 
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indicate that females (26.8%) were more likely than males (20.8%) to endorse experiencing 

symptoms of intrusion. Analysis also determined that preadolescents (51.3%) were more likely 

to experience intrusion symptoms than individuals in early (21.1%) or late (16.2%) adolescence 

(Shannon et al., 1994). 

Levendosky, Bogat, and Martinez-Torteya (2013) examined the prevalence of symptoms 

of traumatic stress in very young children who had witnessed intimate partner violence. The 

investigators followed mothers and their child from the third-trimester of pregnancy through age 

seven. Every year, except for age six, researchers collected data regarding intimate partner 

violence and traumatic stress symptoms exhibited by the children. As these children were very 

young, age 7 at the final data collection period, researchers used parental report via a trauma 

questionnaire to gather data about the traumatic stress symptoms they exhibited. In any given 

year, between 23% and 40% of the families in the studies experienced intimate partner violence. 

Between 52% and 65% of children in homes where intimate partner violence occurred witnessed 

at least one incident. The percentage of children exposed to intimate partner violence and 

exhibited re-experiencing symptoms vary greatly depending on age. Children two years of age 

were the least likely to display re-experiencing symptoms (approximately 15%) while four year 

olds were the most likely (approximately 71%). By age seven, approximately 31% of children in 

homes where intimate partner violence occurred displayed re-experiencing symptoms 

(Levendosky et al., 2013). 

Avoidance symptoms. The second category of symptoms associated with traumatic event 

exposure includes those that involve an effort to avoid reminders of the traumatizing event from 

both internal (e.g. associated memories, thoughts, and feeling) and external (e.g. settings, people, 

objects, and activities) sources (American Psychiatric Association, 2013). As Cohen and 
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colleagues (2006) discussed, children may generalize the traumatic event and not be able to 

articulate or describe why they are distressed. As a result, a child who experienced a car accident 

may wish to not only avoid cars and the area where an accident occurred, but objects and settings 

that share some passing significance to the traumatizing event. 

Shannon et al. (1994) examined traumatic stress symptoms in children and adolescents 

three months after experiencing a hurricane. Overall, symptoms of avoidance were less likely to 

be present than those of intrusion. Female (13.7%) were more likely to endorse experiencing 

avoidance symptoms than their male (9.0%) counterparts. As was the case with intrusion 

symptoms, avoidance symptoms were more likely to occur in those in preadolescence (15.5%) 

than in early (10.3%) or late (8.7%) adolescents (Shannon et al., 1994) The aforementioned study 

by Levendosky and colleagues (2013) examined traumatic stress symptoms that occurred in 

children of families in which intimate partner violence occurred. Unlike re-experiencing 

symptoms, which varied greatly depending on the child’s age, avoidance symptoms occurred at a 

fairly regular rate. Depending on age, between approximately 19% and 29% of children 

displayed symptoms of avoidance according to mother report on a trauma questionnaire 

(Levendosky, et al., 2013). 

Altered arousal and reactivity symptoms. The next category of behaviors associated with 

trauma include those of altered arousal and reactivity; these include being easy to anger, 

excessive irritability, self-destructive behavior, hypervigilance, deficits in concentration, and 

disturbances of sleep (American Psychiatric Association, 2013). Cohen and colleagues (2006) 

discussed that in children the sense of foreboding that can occur in individuals who has 

experienced trauma may not only lead to hypervigilance and always being on guard, but also 

perfectionism and parentification. These may occur in an effort to have control over their 
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environment so that they can prevent bad things from happening to themselves and those they 

care about. Anger too is common in children who have experienced abuse. Cohen and colleagues 

(2006) also warn of traumatic bonding in cases of domestic violence. Traumatic bonding occurs 

when the child aligns themselves with the abuser in an effort to remain on their good side and, 

therefore, remaining safe. Children can also become overreactive to stimuli related to the 

traumatic event. For example, angry faces may more easily trigger physically abused children 

while children who have experienced chronic maltreatment may be more sensitive to perceived 

rejection (Cohen et al., 2006). 

Three months after a hurricane, researchers examined traumatic stress symptoms in 

children and adolescents who experienced it. Overall, symptoms of increased arousal were more 

likely to be present than those of intrusion or avoidance. Compared to males (27.3%), females 

(30.4%) were more likely to endorse experiencing symptoms of increased arousal. As was the 

case with other traumatic stress symptoms, arousal symptoms were more likely to occur in those 

in preadolescence (59.9%) than in early (35.6%) or late (23.1%) adolescents (Shannon et al., 

1994). As previously discussed, Levendosky and colleagues’ 2013 study examined how 

frequently traumatic stress symptoms occurred in children of families in which intimate partner 

violence occurred. Results varied depending on age, occurring as infrequently as occurring in as 

few as approximately 29% of one year of age and as many as approximately 55% at seven years 

of age (Levendosky, et al., 2013).   

Negative alterations in cognitions and mood. The final category of symptoms associated 

with trauma is negative alterations in cognition or mood. Though this category is new to the 

DSM-V, the associated behaviors were previously assigned to the three aforementioned 

categories, so this represents a reorganization. Behaviors associated with negative alterations of 
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cognition and mood include: limited memory of the traumatic event, negative beliefs of oneself, 

negative emotional state, self-blame, diminished interest in previously preferred activities, 

detachment from others, and the inability to experience positive emotions (American Psychiatric 

Association, 2013). As the field has only recently been adjusted measures of traumatic stress to 

examine the symptoms in this category and, therefore, research has been somewhat more limited. 

Regardless, previous research has linked depression and PTSD to anxiety, depression, and 

suicidal ideation (Boney-McCoy & Finkelhor, 1995). Cohen and colleagues (2006) also note that 

children and adolescents who have experienced trauma are at greater risk for self-injury, 

substance abuse, and delinquency. 

The study by Shannon et al. (1994) predates the DSM-V and, therefore, did not parcel out 

negative alterations in cognitions and mood as a symptom cluster. It did, however, identify 

individual symptoms of trauma that fit within this category. Unlike other symptom categories in 

their study, symptoms of negative alterations in cognition and mood were not consistently more 

prevalent in female participants. Male participants more often endorsed by symptoms of 

anhedonia (27.5%, 23.4%) and memory difficulties (47.2%, 40.3%) than female participants. 

Female participants were more likely to endorse emotional numbing (8.2%, 5.3%) and guilt 

(17.5%, 13.9%) than their male counterparts. While symptoms of anhedonia (28.2%, 24.7%, 

23.4%), emotional numbing (8.2%, 6.7%, 5.5%), and guilt (23.3%, 14.3%, 10.0%) were more 

common in preadolescence than either early or late adolescence, memory difficulties (43.9%, 

43.5%, 43.2%) did not significantly differ between groups (Shannon et al., 1994).  

Traumatic stress symptoms in youth following medical events. The DSM-V requires 

four categories of symptoms to be present in an individual to be eligible for a diagnosis for 

PTSD. These four categories are applicable to any type of traumatizing experience but as this 
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portion of the document will examine them through the medical conditions lens. The NCTSN 

estimates that 15% to 25% of children experience traumatic stress symptoms after exposure to a 

traumatic medical event (NCTSN, 2003).  To date, there appear to be no studies related 

specifically to diabetes and childhood trauma (Perfect et al., 2016), However, research has been 

published that examines traumatic medical experiences, of which pediatric cancer was the most 

common focus, in children; this provides some insight into the experiences and associated 

outcomes. 

Intrusion. One early study that examined the possible link between medical trauma and 

symptoms of traumatic stress dealt with children who received bone marrow transplants during 

the treatment of cancer (Stuber et al.,1991). Stuber et al.,1991 interviewed six children before the 

procedure took place to determine the presence of traumatic stress symptoms prior to the 

treatment. At the baseline, four out of the six participants experienced intrusive images, sounds, 

and interviews. Though data gathered at pre-procedure interviews served as a baseline for this 

study, it is important to consider that these individuals had already been exposed to traumatic 

experience in that they had already undergone significant cancer treatment by the time of this 

procedure. The authors interviewed the children three additional times after the procedure to 

track symptom presence over time. Stuber and colleagues found that all six participants 

experienced intrusive images, sounds, and thoughts at the six months and one-year post 

treatment time points. At the six months and one year interviews, five participants also disclosed 

that they recently experienced bad dreams, which had not been reported having at baseline 

(Stuber et al., 1991). Kazak et al. (2004) conducted a study of adolescents who survived cancer 

(n = 150) and their parents to determine the presence symptoms of traumatic stress. The 

survivors were all between the ages of 11 and 19 and had completed treatment between one and 
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10 years prior. Results of individual clinical interviews and self-report scores found that 73.3% 

of participants reported having current re-experiencing symptoms (Kazak et al., 2004).  

In a recent publication, Wilcox et al. (2016) conducted a secondary analysis of the core 

data set gathered by the NCTSN. These core data set was composed of individuals under the age 

of 18 (n = 9885) who had been referred to a National Child Traumatic Stress Network center for 

evaluation and treatment. Guardians of the individuals reported demographic information, 

traumatic event exposure, treatment history, and surveys of emotional and behavioral health. 

This study’s analysis was primarily concerned with the variable in which surveyed parent of 

caretaker answered either “never,” “somewhat/sometimes a problem,” or “very much/often a 

problem” if their child had a chronic illness (i.e. “medical problems or disabilities (e.g., chronic 

or recurrent condition that affects the child’s ability to function);” the nature of the chronic 

illness was not specified. Of the participants whose parents answered in the affirmative to this 

question, (i.e. “somewhat” or “very much”), 79.4% reportedly experienced intrusion symptoms. 

Interestingly, only a fraction of the participants with medical problems or disabilities (18%) 

stated that their primary traumatic experience was medical event related (Wilcox et al, 2016).  

This indicates that medical experiences and conditions may not have a straightforward or simple 

relationship to trauma as a whole. As with all traumatic events, the perceptions of the individual 

experiencing them determine if they are viewed as being “traumatizing.” Medical conditions 

may be particularly prone to being overlooked, perhaps when compared to other events the 

individual has experienced in the past. 

Not all studies have found strong evidence for medical conditions and experiences being 

perceived as traumatic and, therefore, linked with traumatic stress symptoms. Phipps, Jurbergs, 

and Long (2009) compared symptoms of traumatic stress in a group of pediatric cancer patients 
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(n = 199) to a healthy control group consisting of acquaintances of the patient group (n = 108). 

All members of the pediatric cancer group were asked to respond to a series of trauma related 

questions with the medical experiences in mind. The control group completed a checklist and 

endorsed any traumatic events listed that they had experienced and then answered the same 

series of trauma related experiences. Results did not indicate a significant difference between the 

cancer patient group and the acquaintance group on a measure of intrusion symptoms. The 

authors, therefore, concluded that the traumatic stress model did not fit well with children who 

had experienced cancer (Phipps, et al., 2009). This conclusion, however, was not without flaw. 

Firstly, results indicated that the participants of each group displayed various symptoms 

associated with trauma including intrusion. Secondly, the study assumed that the patient group 

should differ from the control group by virtue of being healthy. Studies with similar findings 

(e.g., Barakat et al., 1997) have made comparable assumptions about their control groups. The 

data in the Phipps et al. (2009) study indicated that 82.4% of individuals in the healthy control 

group had been exposed to a traumatic event. Nearly 14% identified the illness of a friend or 

relative as being a traumatic event (Phipps et al., 2009). Therefore, the control group may have 

displayed traumatic stress symptoms because they had in fact been trauma exposed. Thus, it is 

also possible that youth with trauma exposure related to their medical illness have similar 

outcomes as those who are trauma-exposed. Further, it is just as important to ascertain the nature 

of traumatic events within a group of medically involved youth as they may vary as to whether 

they identify their medical condition or the associated procedures as traumatic versus other 

traumatic experiences in their lives.  

Avoidance. Stuber et al. (1991) found that symptoms of avoidance in their participants 

who had received bone marrow transplants during the treatment of cancer. The most commonly 
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avoided stimuli were those that reminded them of the traumatic event or were associated with 

feelings they experienced as a result of it. These symptoms were present in participants prior to 

the bone marrow transplant procedure, increased during the first six months following, and then 

returned to baseline (Stuber et al., 1991). Consequently, timing of data collection to determine 

symptoms may impact whether youth display PTSS or not. In their secondary analysis of the 

core data set gathered by the NCTSN, Wilcox et al., (2016) found that 52.1% of trauma exposed 

participants who also had a “medical problem or disability” endorsed experiencing symptoms of 

avoidance (Wilcox et al, 2016). 

Stoddard et al. (2006) worked with pediatric burn victims who were ages four years and 

younger to assess traumatic stress symptoms they may have presented. The participants (n = 72) 

in this study suffered from significant burns that required an average two-week stay in the 

hospital for initial treatment. Due to their young age, data were collected using parent report and 

direct observation from members of the research team. The observation periods included a series 

of short exposures to stimuli, some playful (e.g., playing with toys) and some stressful (e.g., 

being presented with a rubber snake in a jar, being approached by a clown); participant’s 

responses were video recorded and coded later by staff. On the whole, these children were 

avoidant of stimuli that could have potentially invoked a fear response. These children were apt 

to withdraw to a parent when presented with even a neutral stimulus, such as being approached 

by a stranger (Stoddard et al., 2006). 

Altered arousal and reactivity. The subjects who participated in the Stuber et al. (1991) 

study found reported symptoms of increased arousal.  The most frequently reported arousal 

symptom was nervousness, which three of the six participants’ pre-treatment and four at the 

twelve months post-procedure visit reported. Most notable, participants did not report sleep 
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disturbances at the pre-intervention but four participants at the twelve-month assessment 

identified them as problem behavior. Additionally, a few participants reported being startled 

easily and having difficulty concentrating (Stuber et al., 1991).  

Increased physiological responses have also been observed in children who have been 

exposed to medical trauma (Kassam-Adams, Garcia-España, Fein, & Winston, 2005; Nugent, 

Christopher, & Delahanty, 2006a; Nugent, Christopher, & Delahanty, 2006b).  Kassam-Adams, 

Garcia-España, Fein, and Winston (2005) examined the relationship between heart rate and the 

future manifestation of traumatic stress symptoms later exhibited by children, ages 8 to 17, 

admitted to the emergency room for serious traffic related injuries. Researchers gathered initial 

heart rates during the initial five minutes of admittance as part of the normal procedure of the 

facility. The collected heart rates were compared to a large control group; heart rates that were 

equal to or above two standard deviations from the control groups mean were classified as 

elevated.  The researchers found that 29.5% of participants between the ages of 8 and 11 and 

35.3% between the ages of 12 and 17 had elevated heart rates. Three months later, the authors 

assessed the participants in their homes for traumatic stress symptoms via semi-structured 

interview. Youth with elevated heart rates were more likely to have other symptoms of traumatic 

stress (Kassam-Adams et al., 2005).  

In a similar series of studies, Nugent, Christopher, and Delahanty (2006a, 2006b) 

investigated heart rate and urinary cortisol levels of individuals’ ages 18 and younger who were 

admitted to the emergency room to determine if these physiological variables would be 

associated with symptoms of traumatic stress later. At six weeks and six months after discharge, 

researchers assessed participants for traumatic stress symptoms and depression. Results indicated 

that high heart rates and urinary cortisol levels recorded in the emergency room were associated 
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with later traumatic stress symptoms, including those that could be classified as hyperarousal 

(Nugent, Christopher, & Delahanty, 2006a and 2006b).   

Negative alterations in cognitions and mood. Participants in the Stuber and colleagues 

(1991) study reported feelings of guilt and loss of interest. In their study with young (four years 

of age and younger) burn victims, Stoddard and colleagues observed these children during 

controlled interactions and interviewed parents. Findings indicated that children who presented 

with symptoms of traumatic stress were less likely to smile spontaneously than those who did not 

(Stoddard et al., 2006). In addition to the hyperarousal symptoms discussed earlier, Nugent, 

Christopher, and Delahanty (2006b) found that children and adolescents admitted to the 

emergency room for physical trauma, such as vehicular accident, sports injury, and assault, 

exhibited symptoms of emotional numbing.  

Trauma Exposure, Neuroanatomy, and Neuropsychology 

 The hypothalamic-pituitary-adrenal (HPA) system helps the body respond to stress 

through glucocorticoids. The HPA system processes a stressor via the prefrontal cortex, responds 

by triggering neurochemicals, and then halts that response when the stressor is no longer present. 

In individuals who have been exposed to traumatic events and are unable to cope with those 

experiences, the prefrontal cortex loses its ability to accurately stop sending threat signals 

throughout the brain. The result is a system that is unable to inhibit stress responses as well as it 

typically could (Davis, Moss, Nogin, & Webb, 2015). Evidence has supported that brain 

structures and functioning differ between those who have experienced traumatic events and those 

who have not. However, it is difficult to conclude if a cause-effect relationship is present or if 

these structural and functional differences mediate cognitive, academic, and behavior differences 

between those exposed to traumatic events and those who have not (Turley & Obrzut, 2012). In 
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other words, it may be the case that these cognitive and neurobiological characteristics make it 

less likely that an individual who possesses them will be able to cope when presented with a 

traumatic event. This section will outline a few examples of neurobiological differences that 

have been found.  

Attention and executive functioning. One brain structure difference that researchers of 

PTSD often discuss is less than typical hemispheric lateralization. Past research has shown that 

mixed laterality is associated with attention deficit/hyperactivity disorder (Shaw & Brown, 1990; 

Shaw & Brown. 1991). Problems with attention have been associated with a number of adverse 

academic outcomes including: lower grades, increased likelihood of grade retention, qualifying 

for special education, and lower scores of standardized tests (Polderman, Boomsma, Bartels, 

Verhulst, & Huizink, 2010). Individuals with mixed laterality, which was initially assessed 

through measures of handedness, have been shown to be at greater risk of developing PTSD than 

those with typical laterality even when they had experienced similar traumatic events (e.g., 

Boscarino & Hoffman, 2007; Chemtob, Taylor, Woo, and Coel, 2001).  

Other studies have utilized medical imaging to demonstrate lateralization differences. In 

2001, Carrión et al. utilized magnetic resonance imaging (MRI) to investigate brain structures in 

children (n = 24) between the ages of 7 and 14 who were exposed to traumatic events. The 

Clinician-Administered PTSD Score of Children and Adolescents (CAPS-CA) was used to 

assess PTSD symptoms; half of the participants had high scores of PTSD symptoms while the 

other 12 had subthreshold PTSD symptoms rating scores. When comparing the two groups, the 

subthreshold PTSD symptoms group showed frontal lobe gray matter volume asymmetry; they 

had significantly larger right frontal lobes than left. In the high PTSD symptom group, the two 

lobes were not significantly different in volume (Carrión et al., 2001).  Experts have 
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hypothesized that asymmetry in the frontal lobes impairs threat assessment and emotional 

functioning; the absence of asymmetry may account for the abnormal functioning in these areas 

of those who have been traumatized. 

Studies have identified the prefrontal cortex as areas of brain involved in attention and 

executive functioning (Rossi, Pessoa, Desimone, & Ungerleider, 2009; Yuan & Raz, 2014). In a 

review of studies by Rossi and colleagues (2009) found that prefrontal cortex lesions decreased 

the subjects’ ability correctly complete tasks that required them to switch attention. A meta-

analysis (Yuan & Raz, 2014) of studies examining the relationship between the prefrontal cortex 

and executive functioning found that greater volume was associated with better performance on 

tasks of executive functioning performance. A 2006 review of research identified the prefrontal 

cortex as an area of the brain that has structural differences between individuals who have 

symptoms of traumatic stress and those who do not. The findings of the identified studies 

indicated that individuals who displayed symptoms of traumatic stress had decreased volume and 

activation of the prefrontal cortex (Shin, Rauch, & Pitman, 2006). 

Language and auditory processing. Researchers have observed structural differences in 

superior temporal gyrus of trauma-exposed individuals, a structure that involved in language and 

auditory processing (De Bellis, 2002). These differences, therefore, may account for some of the 

differences seen in the verbal abilities of individuals exposed to trauma. Magnetic Resonance 

Imagining (MRI) was used to determine superior temporal gyrus structure in a 2002 study by De 

Bellis et al. in which youths who had experienced maltreatment (n = 43) were compared to a 

group of controls (n = 61). Compared to the control group, the maltreated group displayed 

greater volume in the right hemisphere of the posterior superior temporal gyrus. The anterior 

superior temporal gyrus lacked the typical right greater than left hemisphere volume that most 
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people possess; adults with this characteristic have are more likely to have of social phobia. (De 

Bellis, 2002).  

Memory. Studies have found that the hippocampus is associated with verbal memory. 

Furthermore, hippocampal volume is negatively correlated with symptoms of traumatic stress in 

adults (De Bellis, Hooper, Woolley, & Shenk, 2010). In their 2006 review of research, Shin, 

Rauch, and Pitman found that research of this hippocampal volume and traumatic stress 

symptoms is mixed. Although many studies sound that lower hippocampal volume or activity 

was associated with symptoms of traumatic stress, some did not (Shin et al., 2006). Regardless, 

evidence suggests that individuals who have symptoms of traumatic stress may have 

compromised structure in this area of the brain; this weakness could, in turn, impact memory.  

Cognitive Consequences of Trauma Exposure 

 Recently, a large systematic review examined trauma exposure, cognitive functioning, 

academic achievement, and social/behavioral functioning at school (Perfect et al., 2016). This 

study identified only 44 studies published since 1990 that deal directly with the cognitive 

functioning of individuals who had experienced traumatic life events. In sum, research indicates 

that individuals who have experienced traumatic events preform worse than their peers on 

measures of intelligence, verbal ability, memory, and attention (Perfect et al., 2016). Details of 

studies featured in that review are summarized below. 

Intelligence. Intelligence generally refers to an individual’s overall ability to learn and 

adapt to their environment (Sternberg, 2009). Though there are studies that have not found that 

traumatic stress symptoms have a significant, negative effect on intelligence (Chae, Goodman, 

Eisen, & Qin, 2011; DePrince et al., 2009; Masten et al., 2008), multiple publications have found 

such evidence. Studies have noted lower scores on assessments of IQ in individuals exposed to 
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various traumatic events (i.e. maltreatment, witnessing violence, refugee; Daud & Rydelius, 

2009; De Bellis et al., 2013; Saigh, Yasik, Oberfield, Halamandaris, & Bremnar, 2006). Other 

studies have found that greater severity of symptoms is associated with lower scores on IQ 

assessments and that the presence of other conditions, such as fetal alcohol exposure, can lead 

even lower IQ scores (Perfect et al., 2016).  

Saigh et al. (2006) compared participants who were diagnosed with PTSD, children 

exposed to traumatic events that were PTSD negative, and a control group. Results indicated that 

individuals with PTSD had significantly lower scores on a measure of Full Scale Intelligence 

Quotient (FSIQ) and verbal intelligence than the other two groups; those exposed to traumatic 

events but that did not have PTSD did not perform significantly worse than the control group. De 

Bellis, Hooper, Spratt, and Woolley (2009) conducted a similar study comparing children with 

PTSD, traumatic event exposed but PTSD negative children, and children not exposed to a 

traumatic event. This study found that FSIQ score was lower for both PTSD positive and the 

traumatic event exposed group compared to the children in the control group (De Bellis et al., 

2009). 

Another study examined whether correlations existed between the number of traumatic 

experiences and the presence of specific traumatic stress symptoms with lower performance on 

FSIQ, Verbal IQ, and Performance IQ measures. Results indicated that Full Scale IQ and Verbal 

IQ were negatively associated with the number of traumatic events experienced, frequency of re-

experiencing symptoms, and functional impairment. Performance IQ was negatively associated 

with only functional impairment (Saltzman, et al., 2006). Although there is some disagreement 

as to the nature of relationship, the literature indicates that traumatic stress symptoms and trauma 
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exposure are associated with lower performance on measures of intelligence (Daud et al., 2008; 

De Bellis et al., 2013; Delaney-Black et al., 2002).  

Attention. Attention is the neuropsychological process by which the brain selects the 

portions of the environment that will be actively processed and stored in memory (Lamar & Raz, 

2007). Several studies have identified problems in attention as being present in individuals who 

have symptoms of traumatic stress (Perfect et al., 2016). Studies have found that individuals 

diagnosed with PTSD due to maltreatment displayed significantly greater distractibility as 

evidenced by their performance on neuropsychological measures compared to non-traumatized 

peers. Additionally, this group made more omission errors than their non-traumatized peers did 

on a measure of visual attention, indicating relatively weaker ability (Beers & De Bellis, 2002). 

Response inhibition refers to an individual’s ability only select a specific stimulus while 

ignoring others, even if they are similar. It requires attention and the ability to suppress near 

automatic responses. Research has indicated that traumatic stress symptoms, rather than the 

presence of PTSD, were associated with lower performance on tasks that measured attention 

through response inhibition (De Bellis et al., 2013). Evidence suggests that symptoms of 

dissociation are negatively associated with attention (De Bellis et al., 2013; DePrince, Weinzierl, 

& Combs, 2008). Another study found that greater traumatic stress symptoms in the category of 

arousal were positively associated with perceived problems of attention. According to teacher 

ratings, approximately 8% of those with traumatic stress symptoms had significant attention 

problems according to teacher ratings (Husain, Allwood, & Bell, 2008). 

Memory. Memory is the mental retention of information in a form that allows for later 

recollection and operation (Chiaravalloti, O’Brien, & DeLuca, 1989). In their recent systematic 

literature review, Perfect et al. (2016) identified a number of articles that examined the 
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relationship between traumatic event exposure and memory. Although some studies did not 

identify significant relationships, others found that those exposed to traumatic events had poorer 

performance in various memory tasks when compared to those who had not (Perfect et al., 

2016). For instance, several studies have examined working memory in individuals exposed to 

traumatic events. Working memory is the short-term storage of information in a state where it 

can be manipulated and operated upon (Chiaravalloti et al., 1989). Studies have compared the 

working memory abilities of individuals exposed to traumatic events with those who have not. 

Individuals exposed to traumatic events performed significantly worse than their non-exposed 

peers on measures of spatial (Park et al., 2014), verbal (Schoeman, Carey, and Seedat, 2009), and 

overall working memory (Kira et al., 2012).  

 Performance on other types of memory tasks also appear to be impaired in individuals 

exposed to traumatic events, including those involving orientation, prospective, and story recall 

(Moradi et al., 1999). De Bellis et al. (2009) compared the children who experienced neglect and 

possessed a diagnosis of PTSD, children who experienced neglect but did not have PTSD, and a 

control group on a number of memory measures. The two groups who had experienced neglect 

scored lower than the control group on measures of face recognition, name recognition, and 

narrative memory. Participants in the PTSD group did not differ significantly from the PTSD 

negative neglect group on any measures of memory except for the measure of facial recognition, 

which only differed in the delayed condition (De Bellis et al., 2009).  

Academic Consequences of Trauma Exposure 

 In their 2016 systematic review, Perfect and colleagues identified 34 studies published 

since 1990 that dealt directly with the academic achievement of individuals who have 

experienced traumatic life events. Academic achievement refers to how much a student has 
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learned, how well they are doing in school, compared to peers of their same age and/or grade 

level. Academic achievement can be assessed in a number of ways, including standardized 

assessment, state testing, grades, and teacher reports. 

Academic achievement consequences. Research has shown that overall academic 

achievement is lower in individuals who have experienced trauma when compared to their non-

exposed peers using measures of grade point average (Eckenrode, Laird, & Doris, 1993; 

Eckenrode, Rowe, Laird, & Brathwaite, 1995; Mathews, Dempsey, & Overstreet, 2009), district 

level achievement assessments (Mathews et al., 2009), state assessments, (Eckenrode, et al., 

1993; Eckenrode, et al., 1995), and standardized assessment (De Bellis et al., 2013). Others 

studies have concluded that traumatic stress symptoms as a whole (Mathews et al., 2009) or 

symptom categories such as dissociation (Perzow et al., 2013) are the mediator for the negative 

association between traumatic event exposure and academic achievement. Taken as a whole, the 

literature in the area of academic achievement and exposure to traumatic events indicates that 

symptoms of traumatic stress or perhaps the severity of the traumatic stress symptoms account 

for their relationship. 

Reading. One such study sought to investigate reading by administering an assessment of 

achievement to three groups of adolescents: a group with PTSD, a PTSD negative but exposed to 

a traumatic event group, and a control group. Using a comparison of mean scores, data showed 

that the control group and the PTSD negative group obtained significantly higher scores than the 

PTSD group on measures of vocabulary, reading, language, and spelling. The control and PTSD 

negative groups did not differ significantly from one another, suggesting that symptoms resulting 

from traumatic event rather than the experience of the event affect academic performance (Saigh, 

Mroueh, & Bremner, 1997). 
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Other studies have found that trauma-exposed groups differed significantly from control 

group, but this was similarly due to traumatic stress symptomology. One study (De Bellis et al., 

2009) also compared the reading performance of three groups of children: a group with PTSD, a 

PTSD negative group that experienced neglect, and a control group. This study found that both 

the PTSD and PTSD negative groups performed significantly worse than the control group on a 

measure of reading. Additional analysis found that the number of traumatic stress symptoms 

identified was negatively associated with performance on the reading assessment. Findings 

indicated that re-experiencing symptoms correlated negatively with reading assessment 

performance (De Bellis et al., 2009). The same research group found scores in reading and math 

were significantly better for the control group than either the PTSD or PTSD negative groups. 

Data also suggested that experiencing a greater number of maltreatment events was negatively 

associated with overall academic performance (De Bellis et al, 2013). 

Math. Saigh et al. (1997) also investigated math performance. As was the case with 

reading, the PTSD group scored higher than both the PTSD-negative, trauma exposed group or 

control group, suggesting that any trauma-related difficulties is largely attributable to the 

traumatic stress symptoms rather than the traumatic event exposure. De Bellis et al. (2009) also 

compared the academic performance and math of the same three groups of children. Although 

only the PTSD group performed significantly worse than the control on a measure of 

mathematics, the PTSD and PTSD negative groups did not differ significantly from one another 

on that measure. Similar to the pattern with reading, the researchers determined that re-

experiencing symptoms correlated negatively with math assessment performance (De Bellis et 

al., 2009). A later study by the same research group determined that math scores were 

significantly better for the control group than either the PTSD or the trauma-exposed, PTSD-
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negative groups (De Bellis et al, 2013). Schwartz and Gorman (2003) investigated academic 

difficulties in urban elementary school children who had experienced community violence. The 

researchers gathered data from student records regarding grades and scores on a district-wide 

administered standardized assessment as well as self-reported symptoms of depression and 

teacher-rated disruptive behavior. Findings indicated that community violence exposure was 

negatively associated with math grade point average and performance on the district wide 

standardized assessment. Additional analysis determined that symptoms of depression and 

disruptive behavior partially medicate this relationship though, as the authors note, these 

behaviors themselves are almost certainly negatively influenced by trauma exposure. 

 Other academic outcomes. Experiencing traumatic events appears to have consequences 

outside of academic ability. One method that can be used to identify academic consequences in 

this population is to review school records. One study that utilized this method compared the 

school records of two large groups of children, those who had experienced maltreatment and 

those who had not. Children exposed to maltreatment were more 2.5 times more likely to repeat 

at least one grade, 34% received a discipline referral compared to 24% of the control group, and 

was suspended 1.2 days compared to 0.4 days for a student in the control group (Eckenrode, et 

al., 1993). Another study that utilized school records, as well as parent and teacher reports, found 

that participants who had experienced maltreatment were more likely to repeat a grade, utilize 

special education services, and have poor attendance (Shonk, & Cicchetti, 2001). Children 

exposed to traumatic events have also been found to have poorer attendance (Fantuzzo, Perlman, 

& Dobbins, 2011; Mathews et al., 2009; Hurt, Malmud, Brodsky, & Giannetta, 2001), lower 

overall grades (Hurt et al., 2001), and more discipline referrals (Eckenrode, et al., 1993; 

Eckenrode, et al., 1995). Lower scores on measures of achievement may not appear to be 
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concrete consequences; exposure to traumatic events clearly has real, observable academic 

consequences. 

Trauma and Diabetes: Overlapping Areas of Impact 

 Those with chronic illnesses are at greater risk for being exposed to trauma and for 

developing symptoms of trauma (Alonzo, 2000) and have been underexplored as a vector for 

trauma exposure. Individuals with T1DM may be in particularly high risk due to their daily 

exposure to illness-related stress and are exposed to a potentially a traumatizing event multiple 

times a day due to the nature of treatment and blood glucose management. Of equal interest is 

that T1DM and symptoms of traumatic stress appear to have negative effects on many of the 

same neurological and performance areas. In addition to both conditions involving the HPA 

system, they also affect the structure and performance of others areas of the brain, such as the 

prefrontal cortex which is involved in tasks of attention and executive functioning (Marzelli et 

al., 2014; Rossi et al, 2009, Yuan & Rax, 2014). Cognitively, lower performance has been noted 

among those with traumatic stress symptoms and T1DM in areas such as intelligence (Daud & 

Rydelius, 2009; Gaudieri et al., 2008), attention (Beers & De Bellis, 2002; Gaudieri et al., 2008), 

and memory (Kira et al., 2012; Gaudieri et al., 2008). Finally, in the area of academic 

performance, groups of adolescents with trauma and groups of adolescents with T1DM have 

been found to perform poorer than control groups on measures of math (De Belis et al., 2009; 

Hannonen et al., 2010) and reading (De Belis et al., 2009; Naguib, Kulinskaya, Lomax, & 

Garralda 2009). It is these areas that appear to be negatively impacted by each traumatic stress 

symptoms and T1DM that are of particular need of investigation. To date, research has not been 

conducted to determine how these conditions interact to influence cognitive abilities and 

academic performance.  



    58 
TRAUMA AND TYPE 1 DIABETES 

Type 1 Diabetes Mellitus, Health, and Neuroanatomy 

The Diabetes Control and Complications Trial Research Group (1993) conducted a large, 

longitudinal study of individual with T1DM. Complications that can occur from T1DM include a 

degenerative condition that can lead to blindness called retinopathy, kidney disease, nerve 

damage, and cardiovascular disease as well as other adverse conditions. Participants were 

assigned to either receive conventional or an intensive-therapy regimen and their health was 

tracked for up to nine years.  Results indicated that intensive therapy decreased the occurrence of 

retinopathy by 75%. Decreases were also observed in kidney disease (34%-56%), nerve damage 

(69%), and cardiovascular disease (41%). In sum, T1DM can cause numerous serious physical 

conditions but proper treatment can decrease the likelihood those conditions will occur (Diabetes 

Control and Complications Trial Research Group, 1993).  

A longitudinal student conducted by Mauras et al. (2014) investigated cognitive 

performance and brain development in children under the age of 10 with T1DM. After 18 

months, participants with T1DM did not differ significantly with their health peers on measures 

of cognitive performance and executive functioning, however, brain matter growth did differ 

significantly. Children with T1DM had slower gray and white matter growth than their healthy 

peers. This growth impairment was found to be associated with more variable blood glucose as 

well as hyperglycemia. While at 18 months, cognitive performance was not yet significantly 

impacted, the results indicate that hyperglycemia and variability in blood glucose has a negative 

impact on the brain over time. 

  Research has suggested that there are differences between the neuroanatomy of 

individuals with T1DM and those who do not have this disease. Perantie et al. (2007) used 

magnetic resonance imaging (MRI) to compare the neuroanatomy of individuals between the 
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ages of 7 and 17, with T1DM to their T1DM negative siblings. To determine if severe 

hypoglycemia impacted brain structure, the participants’ parents were interviewed to gather 

information about past hypoglycemic episodes. When compared to their healthy peers, the 

individuals with T1DM did not have significantly different volumes of grey or white matter. 

However, differences were present within the T1DM group. Compared to those who had not 

experienced any hypoglycemia events, those with T1DM who had experienced at least one 

episode had a lower volume of grey matter in the left superior temporal/occipital cortex and left 

inferior occipital cortex. Analysis revealed correlations between higher hyperglycemia scores 

and smaller right cuneus and precuneus grey matter volumes, smaller white brain matter volume 

in the right superior parietal region, and larger right frontal middle gyrus grey matter volume. 

Two of these regions, the superior temporal/occipital cortex and the left precuneus, are 

associated with episodic memory. The right cuneus and precuneus have been associated with 

spatial working memory. These results suggest that individuals with T1DM may have 

compromised memory function (Perantie et al., 2007).  

 Marzelli et al. (2014) compared the neuroanatomy of very young children, between the 

ages of 4 and 10, who had T1DM with those who did not. Compared to the T1DM negative 

group (n = 68), participants with T1DM (n = 142) had lower gray matter volumes in the 

cerebellum, precuneus, cuneus, calcarine, lingual gyrus, and fusiform gyrus. Participants without 

T1DM had larger gray matter volumes than those who were T1DM positive in the left lateral 

prefrontal cortices, interior frontal gyrus, superior frontal gyrus, superior temporal gyrus, middle 

temporal gyrus, and insula. Amongst those with T1DM, higher HbA1c values had larger grey 

matter volumes in the prefrontal cortex, lateral orbitofrontal gyrus, and insula. Authors 

speculated that these increased volumes could be due to neuroinflamation resulting from 
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prolonged hyperglycemia exposure. Alternative, the greater volumes could exist to compensate 

for lower brain volumes in other regions. HbA1c values were negatively correlated with grey 

matter volume in the medial orbitofrontal and rectal gyrus and anterior cingulate. The cerebellum 

is associated with working memory, executive functioning, and IQ. Medial frontal regions of the 

brain have been associated with executive functioning and social behavior. The left lateral frontal 

and insula regions of the brain also deal with executive functioning, but also language and 

auditory processing (Marzelli et al., 2014). Given the structural differences seen in brains 

children and adolescents with T1DM, deficits neurocognitive performance may also be present.  

Cognitive Consequences of Type 1 Diabetes Mellitus 

 In an early study (Ryan et al., 1984) on examining the neurocognitive abilities of youth 

with T1DM, 40 individuals with T1DM between the ages of 12 and 19 years of age were 

compared to a demographically similar group of 40 T1DM negatives. Although all participants 

regardless of T1DM status performed within the Average range, those who had a T1DM 

diagnosis had significantly lower scores on overall verbal intelligence than those who did not 

have a T1DM diagnosis. On the Digit Span subtest, individuals with T1DM aged 16 and over 

obtained lower scores than those without T1DM, indicating that working memory performance is 

potentially lower in those with T1DM (Ryan et al., 1984). Such findings support the 

neuroanatomical evidence in studies of youth with T1DM.  

 To understand how blood glucose impacts classroom attention, Daley, Wodrich, and 

Hasan (2006) monitored four children in the days before and after they started using an insulin 

pump. Researchers believed that use of an insulin pump would significantly improve blood 

glucose stability. The study monitored the children’s blood glucose stability and on- and off-task 

behavior at school for the 10 days prior to starting to use the insulin pumps and again the 10 days 
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after. Blood glucose levels became significantly more stable after the implementation of insulin 

pumps. Overall, investigators observed that participants were on-task an average of 20% more 

after blood glucose stabilized. Additionally, off-task behavior occurred 34% less often. Overall, 

these results indicate that improved blood glucose stability had a positive effect on attention in 

school settings overall (Daley, Wodrich, & Hasan, 2006).   

In 2008, Gaudieri, Chen, Greer, and Holmes conducted a meta-analysis of articles 

involving children and adolescents with T1DM and their neurocognitive functioning. This meta-

analysis located 19 articles, which included 2,144 total participants, 1,393 of which had 

diagnoses of T1DM. The results of the meta-analysis indicated that participants with T1DM 

scored lower than the comparison groups on measures of intelligence, processing speed, 

attention/executive functioning, and visual-motor integration. Additionally, the study compared 

individuals with early-onset diabetes, defined as receiving the diagnosis between the ages of 4 

and 7, with those who had late-onset diabetes, diagnosis occurring after the age of 7. A more 

negative impact on attention/executive functioning, learning, and memory skills occurred in 

individuals with early-onset diabetes than those who had late-onset diabetes. 

To investigate neurocognitive abilities in children T1DM, Naguib et al. (2009) conducted 

a meta-analysis that identified 24 studies between 1980 and 2005. Of those 24 studies, seven 

included measures of motor speed (525 participants, 303 with T1DM), 10 included measures of 

visuospatial ability (863 participants, 490 with T1DM), and three included measures of sustained 

attention (248 participants, 119 with T1DM). Analysis of data from each study found that 

individuals with T1DM had significantly lower scores on measures of motor speed, visuospatial 

ability, and sustained attention than their T1DM negative counterparts. Examination of full-scale, 
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verbal, and performance IQ scores found only small effect sizes, where individuals with T1DM 

scored lower than those without (Naguib et al., 2009). 

In a 2009 study, Parent, Wodrich, and Hasan compared 95 T1DM children with 95 of 

their T1DM negative siblings on classroom attention as measured by the ADHD Rating Scale-

IV: School Version (DuPaul, Rapport, & Perriello, 1991). Participants HbA1c data were also 

collected and compared to the results of the attention assessment. Researchers found that lower 

HbA1C scores were associated with greater classroom attention (Parent et al., 2009). 

Semenkovich et al. (2015) compared 87 participants between the ages of 9 and 22, 61 with 

T1DM and 26 controls, on the Woodcock-Johnson III subtests of General Knowledge, a measure 

of verbal intelligence, and Spatial Relations, a measure of spatial ability. Children and young 

adults with T1DM had significantly lower scores than those in the control group on verbal 

intelligence but not on spatial ability (Semenkovich et al, 2015). 

Academic Consequences of Type 1 Diabetes Mellitus 

 Academic achievement. T1DM can impact academic performance in a number of ways. 

In the area of academic achievement, some studies have not found a significant difference in 

performance between those who have T1DM and those who do not.  For example, in the study 

conducted by Semenkovich et al. (2015), participants, completed the Woodcock-Johnson III 

Letter-Word Identification, Calculation, and Spelling subtests. Results indicated that those with 

T1DM did not score significantly different than their T1DM negative counterparts (Semenkovich 

et al., 2015).  

Reading. A 2009 meta-analysis (Naguib et al., 2009) examined 24 studies between 1980 

and 2005. Of those 24 studies, six included measures of reading (896 participants, 513 with 

T1DM).  When taken as a whole, the participants with T1DM scored significantly lower on 
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measures of reading than their counterparts in the T1DM negative control groups. Hannonen et 

al. (2010) compared children with early-onset T1DM with a group of healthy peers. Participants 

were administered measures of reading speed, reading accuracy, and the abilities to break words 

into independent sounds as build words from letter sounds (phonological processing). Parents 

provided information regarding the participant’s academic history and the time their child 

learned to read. Although reading accuracy and speed assessment performance were not found to 

be related to early onset diabetes, phonological processing was lower in those that acquired 

T1DM at a young age.  

A study (McCarthy, Lindgren, Mengeling, Tsalikian, & Engvall, 2003) reviewed parent-

reported school data, medical records, and gathered additional behavior data from parents to 

determine how T1DM management influenced academics in children and adolescents. 

Researchers obtained the participants last known HbA1C to determine the degree to which a 

participant was controlling their diabetes. Individuals with poor metabolic control had 

significantly lower scores on the reading and core achievement scales than those with average 

metabolic control. Furthermore, participants who had poor metabolic control and had been 

hospitalized at least two times for hyperglycemia, had lower mean scores on the achievement 

assessment than those who had good or average metabolic control and had been hospitalized 

fewer than two times for hyperglycemia. The potential exists for hospitalization and medical 

events such as hyperglycemia are known to be viewed as traumatizing to some adolescents. As 

this effect was not addressed in this study, the extent to which such experience affected reading 

performance relative to T1DM cannot be known. 

 Math. Parent et al. (2009) compared children with T1DM with health siblings on 

measures of mathematics. The data supported that teachers perceived healthy peers as being 
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higher performing in the area of mathematics than their T1DM positive peers. Further analysis 

determined that HbA1c mediated this performance, where higher scores are associated with 

lower perceived math performance. Hannonen et al. (2010) compared children with early-onset 

T1DM with a control group in healthy peers. Researchers measured counting ability and speed as 

well as testing arithmetic ability to assess math ability. Researchers concluded compared to their 

health peers, children who acquired T1DM at an early age performed poorly on counting and 

arithmetic assessments. 

 Writing. Of the 24 studies examined in the 2009 meta-analysis, five included writing 

measures (524 participants, 327 with T1DM).  Taken as a whole, the participants with T1DM 

scored significantly lower on measures of writing than their counterparts in the T1DM negative 

control groups (Naguib et al., 2009). Parent et al. (2009) also compared children with T1DM 

with health siblings on measures of writing. As was found with math, teachers rated children 

with T1DM as performing lower in the area of writing compared to their healthy siblings. Again, 

analysis determined that HbA1c mediated this performance, where higher scores are associated 

with lower perceived writing performance. Research has also found that children with T1DM 

perform poorer than their healthy peers did on a measure of spelling (Hannonen et al., 2010). 

 Other academic outcomes. One of the consequences of having a chronic illness such as 

T1DM is missing more days of school due to poor health, having medical appointments, and 

other associated tasks that health peers do not have to complete (Cooper, Mcnamara, de Klerk, 

Davis, & Jones, 2016; Wodrich, Hasan, & Parent, 2011). In a study comparing subjects with 

T1DM with their T1DM negative siblings on a number of academic categories including school 

attendance, school records revealed that students with T1DM missed more than twice as many 

days, 17.94, than their peers. In the context of a typical 180-day school year, the average T1DM 
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participant would have missed 10% of the school year; they had fewer opportunities to learn 

directly from their classroom instructor and to interact with their peers. Additionally, these 

students’ teachers perceived them as having significantly lower academic success in the area of 

writing with an overall trend towards lower academic ability scores in general. Further, lower 

HbA1C levels were moderately associated with better teacher ratings of perceived reading, 

writing, and arithmetic success (Parent et al., 2009).  
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Chapter 3: Methods 

 Data collected for the proposed project was a part of a larger randomized clinical trial 

study examining the effects of a sleep modification intervention amongst adolescents (ages 10 to 

16) with T1DM. The parent study’s objectives were: to determine the relations between sleep 

parameters and blood glucose control with neurobehavioral measures and to determine if 

increasing sleep impacts academic performance and behavior. This chapter will discuss the 

methods of the study that are most relevant to this project. 

Participants 

 The parent RCT recruited a total of 111 participants between the ages of 9 and 17 years 

who possessed a confirmable diagnosis of T1DM. At the outset of the study, the trauma measure 

was not in place; as a result, only 105 participants and guardians completed the measures of 

traumatic stress symptoms. As these measures are the focus of this project, only those 105 who 

completed the trauma forms will be included in the analysis. The study recruited participants 

from an outpatient pediatric endocrinology clinic located in a hospital in the southwest United 

States. This particular clinic serves not only the city in which it is located, but is also a primary 

resource for Southern Arizona as a whole. To participate in the study, the child needed to have 

one parent and at least one teacher who would be able to complete behavior rating form. 

Exclusion criteria included having a cognitive, genetic, or mental health condition that could 

significantly impact the management of their diabetes, cognitive processing, sleep, or 

participation in general. Participants could not have had diabetes related complications that 

resulted in hospitalization in the last month. As all standardized assessment materials were in 

English, all child participants needed to be able to read and understand English. Initially, all 

parents needed to be able to speak and read English, but after the first year of data collection 
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Spanish versions of the data collection instruments were constructed that allowed for mono-

lingual parents to participate. A power analysis that determined that the sample size of 62 was 

needed to show an effect similar to that found in DeBellis et al. (2010; 9.6 point difference 

between PTSD positive and negative groups on a measure of IQ) with power at .80, α=.05. To 

show a medium effect size (f = 0.30) with 80% on cognitive and academic measures using 

analysis of covariance, a power analysis determined that 90 participants were required. These 

analyses of power indicated that the current number of participants should be adequate to address 

the specified research questions. 

 Participant Characteristics. Demographic characteristics of the 103 participants 

included in the analysis are provided in Table 1. Of the participants, 47 (45.6%) were female and 

56 (54.4%) were male. The mean age of the participants was 13.55 (SD = 2.10) years. Parent 

responses indicate the sample was composed of Caucasian (53.4%), Hispanic/Latino/Spanish 

(20.4%), Mexican (7.8%), and Multiracial (18.4%) participants. We estimated socioeconomic 

status (SES) using multiple indicators. Researches asked the parents of participants to select from 

a range of sums within their annual income falls. Additionally, the mean household incomes for 

their zip code of residence were determined using census tract data. Based on the zip code 

estimates, the estimated participants mean annual, household incomes is $53,212. In 2014, the 

United States Census Bureau reported that the average household income was $53,657 

(DeNavas-Walt and Proctor, 2015). As all participants have Type 1 Diabetes, HbA1c numbers 

were obtained. The average HbA1c of this study’s participants was 8.99% (SD = 1.9; range 5.4 

to 14.0). For reference, the American Diabetes Associations (2016) recommends that children 

and adolescent maintain an HbA1c of less have 7.5%. Of the 98 parent/guardians who answered 

a question regarding their relationship to the participant, 74 (71.8%) indicated that they were the 
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participants mother, 19 (18.4%) indicated they were their father, 3 (2.9%) stated they were a 

guardian, 1 (1%) indicated they were their grandmother, and 1 (1%) stated they were an “other” 

relative guardian. The remaining five parents neglected to answer the question. 

Measures 

Child Traumatic Reaction Inventories (CTRI-PTSD) Parent and Youth Versions. 

The CTRI-PTSD Parent (Nader, 2010) and Youth (Nader & Fletcher, 2009) versions were  

 
Table 1   

    
Description of Participant Demographic Characteristics  
Characteristic n %  
Gender   
 Female 47 45.6 

 Male 56 54.4 

    
Ethnicity   
 White 55 53.4 

 Hispanic, Latino, or Spanish 29 28.2 

 More than one selected 19 18.4 
Household Incomea   
 $10,000-$20,000 17 16.5 

 $20,000-$35,000 15 14.6 

 $35,000-$50,000 19 18.4 

 $50,000-$75,000 7 6.8 

 $75,000-$99,000 21 20.4 

 $100,000 or more 21 20.4 

 No Response 3 2.9 

    
Characteristic  Mean 
Years of Age  13.55 ± 2.10 

 (Age Range)  (9.69-17.14) 

    
Mean Household Income by Zipcode  $53,212  
Mean Age at T1DM Diagnosis (Years)  8.86 

 (Age of Diagnosis Range)  (0.92-16.5) 
Mean Duration Since T1DM Diagnosis (Years)  4.77 

 (Duration Since Diagnosis)  (0.16-14.17) 
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designed to assist in the identification of present traumatic stress symptoms and determine of 

PTSD is likely present. Both versions of the form are largely identical and only differ by the 

wording of individual questions. The first page of the forms asks if any traumatic events have 

been experienced, with space being provided for a detailed summary of the event(s). The 

questionnaire includes questions regarding re-experiencing, numbing/avoidance, and arousal 

symptoms. It also probes for deficits in everyday functioning that are required for a PTSD 

diagnosis. The questionnaire was designed using DSM-IV criteria for PTSD. At the time the 

study began, the DSM-V had only recently been released; as a result of no DSM-V calibrated 

scales being available. In response, an additional page was generated for each form that included 

nine new questions to address the new diagnostic criteria. These new questions were generated in 

the style of the overall questionnaire and, like the original questions, could be directly mapped to 

a specific diagnostic criterion. Upon completion of this study, this new page along with the 

results of the study will be submitted to the copyright holder of the CTRI-PTSD as will the 

Spanish version that was developed for this study.  

The majority of the questions in the assessment follow a dual Likert Scale-type format, 

the participant will answer two questions per prompt. For each of 39 prompts, the participant 

must check one box answering, “How often did it happen in the last 4 weeks” and check one box 

answering, “When it happened, how bad did it make you feel.” For example, when prompted 

with “Did you ever have a hard time falling asleep?” the participant was asked to answer how 

often it occurred by checking a box corresponding to “never,” “sometimes,” “a lot,” or “all of the 

time.” To answer how it made them feel, they checked either “it did not happen,” “not bad at 

all,” “a little bad,” “pretty bad,” or “really bad.”  
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The CTRI-PTSD also has several open-ended questions. Specifically, the questions 

include (1) asking the respondent to describe any traumatic events experienced by the 

participant, (2) asking what the participant does to feel better following a bad day, whom they do 

to for support, and (3) how much control the participant feels they have over future traumatic 

events occurring in the future. Answers for each of these questions were coded into a number of 

categories that are provided in the attached coding guide created by this author. Categories 

specified by the NCTSN (2003) were selected that applied to the participants after reviewing 

responses from the first 50 CTRI-PTSD forms. Additional categories were added as needed to 

compensate for previously unaccounted for responses. Two other investigators independently 

assisted in evaluating the traumatic event descriptions of individual respondents and assigning 

those experiences to a trauma category. Please refer to Appendix A for a complete coding guide. 

The publishers provided instructions to score the CTRI-PTSD to determine if the youth 

has symptoms consistent with PTSD. Each of the original 30 questions from the CTRI-PTSD 

corresponds with a symptom listed in the DSM-IV. The DSM-IV outlines 17 total symptoms 

spanning three categories (five re-experiencing symptoms, seven avoidance symptoms, and five 

arousal symptoms); multiple questions can address individual symptoms. By matching up 

participant answers to the corresponding symptoms to, it can be determined if an individual is 

likely to meet the criteria for PTSD. 

The original scoring system did not provide a system to compare the responses of 

multiple respondents. One method that has been used in other studies is a simply tally of the 

number of individual traumatic stress symptoms identified by each respondent (De Bellis et al., 

2009, De Bellis et al, 2013). The scoring system of the DSM-IV version of the UCLA PTSD-RI 

(Pynoos, Rodriguez, Steinberg, Stuber, & Frederick, 1998) can easily be adapted to the CTRI-
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PTSD so that number of symptoms experienced can be ascertained. As is the case with the 

CTRI-PTSD, the UCLA PTSD-RI each individual question corresponds to a specific symptom 

for PTSD as described in the DSM-IV. In cases where more than one question on the 

questionnaire relates to a DSM-IV symptom, only one question needs to be endorsed as 

occurring at least “sometimes” for that symptom to be counted as present. Using this method, 

number of symptoms for symptom category (intrusion, avoidance, and arousal) can be identified 

as well as an overall number of traumatic stress symptoms. As there are 17 PTSD symptoms 

listed in the DSM-IV, the score would range between 0 and 17. 

Another method evaluating trauma symptoms is to examine the overall frequency of 

symptoms. This method has been used in other published studies to examine the relationship 

between traumatic stress symptoms and academic and social functioning (Foa, Johnson, Feeny, 

& Treadwell, 2001; McLean, Rosenbach, Capaldi, & Foa, 2013; Steinberg et al., 2013). The 

scoring system of the DSM-IV version of the UCLA PTSD-RI (Pynoos et al., 1998) can again be 

adapted to the CTRI-PTSD so that symptom frequency can be ascertained. In cases where more 

than one question on the questionnaire relates to a DSM-IV symptom, only the question with the 

highest frequency that maps to that symptom will be added towards the total symptom score. 

Scores on an individual symptom would range from 0 (never) to 3 (all of the time). Given this, 

the total symptoms score of individual participants, the sum of how often each trauma symptom 

occurs, ranges from 0 to 51. In sum, this measures will yield three self-reported variables (if 

traumatic event exposure occurred, number of traumatic stress symptoms, total traumatic stress 

symptoms scores), three parent-reported variables (if traumatic event exposure occurred, number 

of traumatic stress symptoms, total traumatic stress symptoms scores), and self- or parent-

reported traumatic event exposures; a total of seven. Please refer to Appendix B for a table 
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outlining this procedure. As there are three categories of symptoms composted of 17 specific 

symptoms, Figure 3 has been provided to ensure reader clarity.  

 
Figure 3.  DSM-IV PTSD Symptom Categories 
 

 
 

Wechsler Abbreviated Scale of Intelligence, Second Edition (WASI-II). The WASI-II 

(Wechsler, 2011) is an individually administered assessment instrument used to compare the 

performance of those who complete its subtests to individuals of the same age. Subtests scores 

have a mean of 100 with a standard deviation of 15. The test was designed for individuals from 6 

years of age through 90 years and 11 months of age. The WASI-II is a brief measure of cognitive 

ability. It offers measures of cognitive ability, Full-Scale IQ (FSIQ), verbal ability, Verbal 

Comprehension Index (VCI), and perceptual reasoning, Perceptual Reasoning Index (PRI). The 

WASI-II is composed of 4 subtests: Vocabulary, Similarities, Block Design, and Matrix 

Reasoning. The Vocabulary subtest requires the participant to define a series of increasingly 

complex words while the Similarities subtest requires them to describe the increasingly complex 

relationships between two words. Taken together, performance on these two subtests make up 
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Verbal Comprehension Index, an estimate of the individuals overall verbal ability. Perceptual 

reasoning is measured with the Perceptual Reasoning Index, which is composed of the Block 

Design and Matrix Reasoning subtests. On Block Design, the participant manipulates blocks to 

match a pattern presented to them. Matrix Reasoning asks the participant to identify a pattern and 

select the missing element from that pattern.  

Concurrent Validity for the WASI-II has been established with a number of other 

measures of cognitive ability, including the Kaufman Brief Intelligence Test, Second Edition and 

the Wechsler Intelligence Scale for Children, Fourth Edition. Average reliability coefficients for 

the WASI-II subtests for children participants were: Vocabulary, .91; Similarities, .89; Block 

Design, .89; and Matrix Reasoning, .87. On composites, average reliability coefficients have 

been reported to be .94 for VCI, .92 for PRI, and .96 for FSIQ (Maccow, 2011). The WASI-II 

protocols initially hand scored by the investigator that administered the assessment to the 

participant. A separate investigator then checked scoring completed by administrator to ensure 

accuracy. The second scorer resolved any discrepancies. 

Cogstate Cognitive Tests. Cogstate (2016) is computer software created by a company 

of the same name designed to assess specific cognitive skills such as executive functioning and 

attention. It was designed to be used by a wide range of ages and by people with any number of 

medical conditions. Its digital interface and use of mazes and images of playing cards made it a 

good choice for child and adolescent participants. Researchers have used Cogstate to investigate 

cognitive functioning in individuals with a number of chronic illnesses including: Alzheimer’s 

(Lim et al., 2012), eating disorders (Allen et al., 2013), chronic pain (Bredlau et al., 2015), 

concussions (MacDonald & Duerson, 2014), HIV/AIDS, schizophrenia, and traumatic brain 

injury (Maruff et al., 2009). This study utilized the following tests in: Groton Maze, Detection, 
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Identification, One Card Learning, One Back, and Two Back. The entire Cogstate assessment 

process was budgeted to take approximately 20 to 30 minutes. It was administered at the initial 

visit for practice as well as each Week 1 and Week 2 evaluation appointment. The scores from 

the first week was used in data analysis 

 Groton Maze Test. The Groton Maze Test is used to measure executive functioning. The 

participant is presented with 10 x 10 grid and must use a set of rules and trial and error to find a 

28-step path to get from the square in the upper left corner, the start, to the lower right corner, the 

end. After completing the maze, the screen is reset and the participant must find their way 

through the task 4 additional times. The fewer errors the participant commits, the better their 

performance. Normative data on children between the ages of 10 and 15 yields a mean of 55.56 

errors and a standard deviation of 17.81 (Cromer, Schembri, Harel, & Maruff, 2015). In a 2009 

study, Dingwall, Lewis, Maruff, and Cairney found between trial reliability coefficients of .50, 

.62, and .67. 

 Detection Test. The Detection Test uses reaction time to measure psychomotor function 

and processing speed. On this test, the participant is presented with the image of a playing card 

face down. They are then asked to click a predetermined keyboard key as soon as they see that 

card turn face up. Participants repeat this task multiple times; shorter times translate to better 

performance. Normative data on children between the ages of 10 and 16 yields a mean Log10 

transformed reaction time of 2.53 and a standard deviation of 0.078 (Cromer et al., 2015). A 

study investigating baselines for adolescent athletes determined the Detection subtest had a test-

retest reliability coefficient of .520 (MacDonald & Duerson, 2014). 

Identification Test. The Identification Test is used to measure visual attention. As with 

the detection test, the participant is presented with the image of a playing card face down. When 
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the card flips over the participants must answer the question “is the card red?” If it is red, they 

are to press the “Yes” key. If it is black, they are to press the “No” key. Participants repeated 

multiple trials of this task, shorter completion times translated to better performance. Normative 

data on children between the ages of 10 and 16 yields a mean Log10 transformed reaction time 

of 2.69 and a standard deviation of 0.068 (Cromer et al., 2015). MacDonald and Duerson’s 

(2014) study found that the Identification subtest had a test-retest reliability coefficient of .624. 

One Card Learning. The One Card Learning test is used to measure visual memory and 

learning. On this test, the participants are shown a series of playing cards. Upon seeing each card 

the participants must answer “Have you seen the card before in this test?” If they believe it has 

appeared before, they are to press the “Yes” key. If they believe this is their first time seeing the 

card in this assessment, they press the “No” key. Participants repeated multiple trials of this task. 

On this assessment, higher accuracy scores are associated with better performance. Normative 

data on children between the ages of 10 and 16 yields a mean arcsine transformed accuracy of 

.98 and a standard deviation of 0.086 (Cromer et al., 2015). MacDonald and Duerson’s (2014) 

study found that the One Card Learning subtest had a test-retest reliability coefficient of .504. 

One Back and Two Back. The One Back and Two Back tests are used to measure 

attention and working memory. On One Back test, the participants are shown a series of playing 

cards. Upon seeing each card the participants must answer, “Is this previous card the same?” If 

they believe the card they are presently viewing is the same as the one that preceded it, they are 

to press the “Yes” key. If they believe the cards are different, they press the “No” key. The Two 

Back test works in the same manner, but they must decide if the card they are presently viewing 

is the same as the one they saw before the previous card. Participants repeated multiple trials of 

these tasks. On this assessment, higher accuracy scores are associated with better performance. 
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Normative data on children between the ages of 10 and 16 yields a Log10 transformed reaction 

time of 2.87 and a standard deviation of 0.089 (Cromer et al., 2015). MacDonald and Duerson’s 

(2014) study found that the One Card Back subtest had a test-retest reliability coefficient of .664. 

Delis-Kaplan Executive Function System (D-KEFS) – Verbal Fluency Test. The D-

KEFS (Delis, Kaplan, & Kramer, 2001) is an individually administered instrument used to 

compare the performance of those who complete its subtests to individuals of the same age. 

Subtests scores have a mean of 100 with a standard deviation of 15. The test is designed for 

individuals from 8 years of age through 89 years of age. This assessment comes in two 

equivalent versions, one administered at each Week 1 and Week 2’s evaluation. The scores from 

the first week were used in data analysis. It is composed of 9 stand-alone tests that measure 

different areas of executive functioning. Only the Verbal Fluency Test was administered in this 

study. The Verbal Fluency Test is composed of three conditions: Letter Fluency, Category 

Fluency, and Category Switching Fluency. Specifically, they are asked to rapidly generate word 

lists that follow a specific set of rules. Letter Fluency measures orthographic knowledge; what is 

their ability to generate words of a given letter. Category Fluency examines semantic knowledge; 

how well they are able to generate words of a specific category. Category Switching examines 

the ability to switch sets that require semantic knowledge; how they can alternate between 

generating two Category Fluency lists at one. This last trial examines the executive functions of 

response inhibition and cognitive flexibility.  

The D-KEFS has been used to assess executive functioning in numerous clinical 

populations (Delis, Kramer, Kaplan, & Holdnack, 2004). Reliability coefficients for the three 

Verbal Fluency subtest conditions have been found to be .67, .70, and .65 for individuals 

between the ages of 8 and 19 (Delis et al., 2001). These reliability coefficients are similar to 
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those of other assessments of executive functioning, such as the Wisconsin Card Sorting Task 

(Delis et al., 2004). The D-KEFS protocols initially hand scored by the investigator who 

administered the assessment to the participant. A separate investigator then checked scoring 

completed by administrator to ensure accuracy. The second scorer resolved any identified 

discrepancies. 

Woodcock-Johnson, Third Edition Normative Update, Tests of Achievement (WJ- 

III-NU ACH). The WJ-III-NU (Woodcock, McGrew, & Mather, 2001) is an individually 

administered assessment instrument used to compare the performance of those who complete its 

subtests to individuals of the same age or year of formal education completed. Subtests scores 

have a mean of 100 with a standard deviation of 15. The test is normed for individuals from 2 

years of age over 90, from kindergarten through graduate school. This assessment comes in two 

equivalent versions, one administered at each Week 1 and Week 2’s evaluation. The scores from 

the first week were used in data analysis. The WJ-III-NU has an assessment for academic 

achievement and an assessment of cognitive ability. The WJ-III-NU ACH was used to determine 

academic ability in various areas of achievement. The following subtests were administered: 

Calculation, Letter-Word Identification, Math Fluency, Passage Comprehension, Reading 

Fluency, Spelling, and Writing Fluency. The Calculation subtest requires the participant solve a 

series of increasingly difficult mathematics facts. Letter-Word Identification assesses the ability 

to read identify letters and to read words of increasing difficulty. The Math, Reading, and 

Writing Fluency subtests are timed and designed to determine how quickly the examinee can 

solve problems in the given subject areas. Passage Comprehension requires the participant to 

read passages and answer questions about what they have read. Finally, the Spelling requires the 

examinee to write down words of increasing difficulty.  
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Reliability coefficients for the administered subtests are as follows: Calculation, 0.86; 

Letter-Word Identification, 0.94; Math Fluency, 0.90; Passage Comprehension, 0.88; Reading 

Fluency, 0.90; Spelling, 0.90; and Writing Fluency, 0.88 (Schrank, McGrew, & Woodcock, 

2001). As with all other paper format assessments in this project, the W-JIII-NU protocols were 

initially hand scored by the investigator who administered the assessment to the participant. A 

separate investigator then checked scoring completed by administrator to ensure accuracy. The 

second scorer resolved any identified discrepancies. 

Demographics and Health Interview Form. The parent(s) or guardian(s) of the 

participant complete this Demographics and Health Interview form. It includes information 

regarding the participant’s: ethnicity, country of origin, medical diagnoses, a brief overview of 

behavioral functioning in school, financial status, and the number of hours per week spent on 

various activities (see Appendix C).  

Medical Record Review Form. The medical records of the participant were reviewed to 

gather relevant information including age or date of diagnosis, health history, and laboratory 

results such as their most recent HbA1c. The Medical Record Review Form was used to compile 

the required information (see Appendix D). The HbA1c of the participant who was measured 

after their participation was also obtained. In the event that their most recent HbA1c that was 

taken preceding their participation occurred more than three months earlier, the post-

participation HbA1c was used in its place to ensure a more the most accurate representation was 

used in the statistical analysis.  

Procedures 

 The University of Arizona’s Institutional Review Board granted approval for the larger 

study with which this project is associated. This study posed minimal risk for the participants. 
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Due to the fact that a medical device needed to be manually inserted beneath the skin, there was 

a small risk for infection. However, research staff were trained in safely completing this 

procedure and all participants and guardians were informed this risk. Any procedures required in 

the parent study that are not directly relevant to this study can be referred to in Appendix  

E. 

Recruitment. Participants were all current patients at a pediatric endocrinology clinic in 

the southwest United States. During a regularly scheduled appointment, a staff member of the 

clinic asked patients and their parent if they would be interested in learning about a study 

concerning childhood T1DM and sleep. If interested, an onsite member of the research study 

team would visit with the family and discuss the project in more detail. If no research team 

member was onsite, the families were asked to provide contact information to be contacted 

telephonically at a later date. In either case, interested participants were scheduled for an initial 

appointment that occurs during a time of the year when their school was in session. Participants 

have been informed that the study would be 12 days and required four in-person study visits, 

three of which would need to take place at the endocrinology clinic.  

Consent process and initial appointment. The participants and at least one legal 

guardian attended an appointment which was scheduled to last up to two hours. This initial 

appointment started with a review of the study and its procedures. The consent and assent forms 

were then reviewed and the guardian and participants had the opportunity to discuss the study 

and ask any questions they may have had. Once the family understood the procedure and their 

rights, including the right to withdraw from the study at any time they wished, they were asked 

to sign consent and assent forms as well as released of school and medical information.  
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 After obtaining consent, the participant and guardian were asked to fill out a number of 

surveys and questionnaires addressing family conflict, demographics, health, and the CTRI-

PTSD. When presented with the CTRI-PTSD, participants were asked to fill the form out to the 

best of their ability. As an example of what a traumatic event might be, the investigator provided 

the example of hospitalization just prior to receiving a diagnosis of T1DM. Participants were told 

that what is traumatic to one person may not be to another and that if they did not identify any 

life event as traumatic to please indicate that but to try to answer the questions to the best of their 

ability regardless. The investigator informed that parent and participant that their answers could 

differ from one another and that each response should reflect only their opinions and feelings. 

The participant also practiced the Cogstate tests so that lack of familiarity with the software 

would not be artificially deflated performance. The families remaining appointments for this 

research study were set, including one longer assessment meeting during each of the next two 

weekends. 

Week 1 evaluation. During the weekend after the first week, the participant and guardian 

returned to the clinic to complete a number of questionnaires as well as academic and cognitive 

assessments; this meeting was estimated to last approximately 4 hours. At this visit, the 

participant completed the designated WJ-III-NU Ach subtests, the Cogstate tests, and the D-

KEFS Verbal Fluency. The examiner reminded the participant and their family about their next 

appointment and their study related supplies were refreshed. 

Week 2 evaluation. In addition to the measures administered at the first assessment 

session, the participant also completed the WASI-II cognitive assessment; this meeting was 

estimated to last approximately 4 hours. After the assessments and questionnaires were 
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completed, the examiners conducted a debriefing, the participants filled out a brief satisfaction 

survey, and financial compensation was distributed. 

Data Management 

All data associated with this project as well as the study with which it was associated was 

double coded by research assistants, at the graduate and undergraduate educational levels. Please 

refer to Appendix F for an overview of data collection variables. All dependent variables were 

entered as part of the larger RTC study that examined sleep amongst adolescents with T1DM. 

The dependent variables include subtests from the WASI-2 (FSIQ, Verbal Comprehension 

Index, Perceptual Reasoning, Vocabulary, Similarities, Block Design, and Matrix Reasoning), 

WJ-III NU Ach (Calculation, Letter-Word Identification, Math Fluency, Passage 

Comprehension, Reading Fluency, Spelling, and Writing Fluency), and D-KEFS subtests (Letter 

Fluency, Category Fluency, and Category Switching) as well as scores from Cogstate measures 

(Groton Maze, Detection, Identification, One-Card Learning, One-Card Back, and Two-Cards 

Back. This author and research assistants, whom he trained on coding and data entry procedure 

and review of data, coded the independent variables (trauma exposure, number of traumatic 

stress symptom, and total trauma symptom scores). The number of traumatic stress symptoms 

and the total trauma symptom score were summed at category level (re-experiencing symptoms, 

avoidance symptoms, and arousal symptom) as well as a sum of all three categories. Based on 

CTRI-PTSD responses, participants’ responses were analyzed to determine if their symptoms 

were consistent with a DSM-IV PTSD diagnosis (i.e., a traumatic event was experiences and the 

individuals displays three or more arousal symptoms, two or more avoidance symptoms, and at 

least one re-experiencing symptom. All 105 records were dual entered by research assistants into 

tabled.  
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These two independently coded tables were reviewed and run through a statistical 

analysis software to ensure the data were cleaned (i.e., inaccurate and outlying entries were 

identified and corrected). Discrepancies on the CTRI-PTSD measure were resolved by the author 

of this study while discrepancies on other variables were resolved by a research assistant of the 

larger RTC. Upon resolution of all discrepancies, data was made available for analysis. 

Data Analyses 

Data analyses was completed using the 23rd edition of the Statistical Packages for the 

Social Sciences (SPSS). The descriptive analysis objective was completed using chi-square tests 

for categorical variables and while continuous variables were analyzed with independent t-tests 

(Silva et al., 2011). Five variables were selected as potential covariates and predictor variables 

and will be run through data analysis: gender, age, ethnicity (Caucasian and non-Caucasian), 

income, and HbA1c. In the cases where the covariate was continuous variable, it was analyzed 

with the neuropsychological and academic achievement variables using correlation. 

Research question 1. How does neuropsychological performance differ between 

adolescents with T1DM who had self- and/or parent-reported trauma-exposure and those who 

did not? 

Hypothesis 1. Adolescents with T1DM with a history of traumatic event exposure will 

perform significantly worse on tests of neuropsychological performance than those who did not 

have a reported traumatic event exposure.  

Research question 2. How does academic achievement differ between adolescents with 

T1DM who had self- and/or parent-reported trauma-exposure and those who do not? 
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Hypothesis 1. Adolescents with T1DM with a history of traumatic event exposure will 

perform significantly worse on tests of academic achievement than those who did not have a 

reported traumatic event exposure. 

Data analysis for Questions 1 and 2. To address the first and third research questions, 

analyses of covariance (ANCOVA; Fisher, 1934) was conducted to determine between group 

mean difference on measures of cognitive and academic ability while controlling for 

confounding variables. Due to the number of variables involved, t-tests were conducted to 

narrow the scope of the analysis to determine where groups differences existed. The ANCOVA 

analyses were run on those variables for which the t-test yields significant results. The primary 

independent variable consisted of two groups, the participants who self- and/or parent-report 

traumatic event exposure and those who did not. A secondary analysis was also conducted with 

the independent variable, but broken into groups; those who self- and/or parent-report medically 

related traumatic event exposure, those who self- and/or parent-report non-medically related 

trauma, and those who do not report any traumatic experiences. In both the two and three group 

cases, the dependent variables were the standard scores of the WASI-II compo-sites and subtests 

(FSIQ, Verbal Comprehension Index, Perceptual Reasoning, Vocabulary, Similarities, Block 

Design, and Matrix Reasoning), WJ-III NU Ach subtests (Calculation, Letter-Word 

Identification, Math Fluency, Passage Comprehension, Reading Fluency, Spelling, and Writing 

Fluency), and D-KEFS subtests (Letter Fluency, Category Fluency, and Category Switching) as 

well as scores from Cogstate measures (Groton Maze, Detection, Identification, One-Card 

Learning, One-Card Back). This statistical method assumes that variables are normally 

distributed and that each group has equal variance. If any of the required assumptions were not 

found to have been met, alternative analyses would have been considered, such as a t-test or non-
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parametric analyses (Moradi et al., 1999). Further, if any of the covariates differed between 

groups, the covariate would become their own factor so to not violate an assumption of 

ANCOVA.  

Research question 3. What is the relative contribution of traumatic stress symptoms on 

neuropsychological performance in adolescents with T1DM? 

Hypothesis 1. Larger traumatic stress symptom total scores (i.e. more frequent 

occurrences of traumatic stress symptoms) will contribute to lower performance on tests of 

neuropsychological performance. 

Hypothesis 2. The number of self- and parent-reported traumatic stress symptom will 

contribute to lower performance on tests of neuropsychological performance. 

Research question 4. What is the relative contribution of traumatic stress symptoms on 

academic performance in adolescents with T1DM? 

Hypothesis 1. Larger traumatic stress symptom total scores (i.e. more frequent 

occurrences of traumatic stress symptoms) will contribute to lower performance on tests of 

academic performance. 

Hypothesis 2. The number of self- and parent-reported traumatic stress symptom will 

contribute to lower performance on tests of academic performance. 

Data analysis for Questions 3 and 4.  

To address the third and fourth research questions, multiple regressions (Keith, 2006) 

were conducted to determine which aspects of trauma exposure and/or traumatic stress were 

associated with neuropsychological and academic achievement performance.  This statistic was 

chosen because it was suspected that the relationship would be linear in nature. Initially, Pearson 

product moment correlations between the independent variable and the dependent variable were 
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explored at p < 0.050.  The independent variables were run with those variables that were found 

to be potentially significant in simultaneous multiple regressions. The independent variables 

consist of continuous measures of trauma severity, trauma total score, and number of traumatic 

stress symptoms endorsed. In all cases, the dependent variables were the standard scores of the 

WASI-II composites and subtests (FSIQ, Verbal Comprehension Index, Perceptual Reasoning, 

Vocabulary, Similarities, Block Design, and Matrix Reasoning), WJ-III NU Ach subtests 

(Calculation, Letter-Word Identification, Math Fluency, Passage Comprehension, Reading 

Fluency, Spelling, and Writing Fluency), and D-KEFS subtests (Letter Fluency, Category 

Fluency, and Category Switching) as well as scores from Cogstate measures (Groton Maze, 

Detection, Identification, One-Card Learning, One-Card Back, and Two-Cards Back; which will 

be analyzed with age as a covariate). This statistical method assumes that variables are normally 

distributed and that each group has equal variance. If any of the required assumptions were not 

found to be met, an alternative analysis would have been considered, such as a Spearman 

correlation (Shaw & Brown, 1991). 
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Chapter 4: Results 

This chapter presents the results of the study. First, this chapter will provide the 

characteristics of the participants. Following this are reports of the findings of each research 

question. We included the CTRI-PTSD starting with the eighth participant enrolled in the parent 

study; we were able to get one of the participants from the first seven to complete the parent and 

child measures. We excluded one participant due to the presence of a significant cognitive 

impairment that was documented after enrollment. We excluded one participant because they did 

not complete the cognitive and academic measures at baseline. 

Summary of Means of Overall Sample 

 For the majority of neuropsychological and academic variables, the obtained means were 

within two points of the normative group means (refer to Table 2). However, the obtained 

Cogstate Identification (M = 82.68, SD = 18.48) and Cogstate Detection (M = 79.41, SD = 

17.71) means were greater than one standard deviation lower than the mean of the assessments 

estimated norms. Mean reaction time on the Cogstate One-Card Back (M = 93.01, SD = 15.35) 

was nearly half of a standard deviation slower than the normative mean. In sum, although 

participants in this study did not differ significantly from the means of the normative values 

measures of reaction time (Identification), executive function (Groton Maze Learning), and 

memory (One-Card Back) showed performance below the general population.    

Descriptive Analysis of Trauma Exposure and Traumatic Stress Symptoms 

This chapter will report and compare adolescent and parent responses to the trauma 

measure. Please refer to Table 3 for all data regarding each adolescent- and parent- reported 

trauma exposure of symptoms.  
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Table 2 
      

       Descriptive Statistics for Neuropsychological and Academic Variables 

Composite/Subtest n Mean 
Std. 

Deviation Range Skewness Kurtosis 
Verbal Comprehension 103 100.21 12.97 62-130 -0.02 -0.19 
Perceptual Reasoning 103 100.22 14.90 59-140 -0.07 0.06 
Full-Scale IQ 103 100.31 13.36 72-132 0.09 -0.42 
Block Design 103 49.28 10.50 24-75 -0.14 -0.66 
Vocabulary 103 51.16 9.45 26-75 -0.09 -0.48 
Matrix Reasoning 103 51.15 9.21 24-78 0.16 0.80 
Similarities 103 49.08 8.61 27-74 0.58 0.66 
Identification 100 82.68 18.48 31-121 -0.36 -0.37 
Detection 101 79.41 17.71 31-119 -0.40 0.01 
Groton Maze 102 100.53 18.26 33-132 -1.19 2.54 
Learning 102 97.52 21.54 45-144 -0.21 -0.29 
One Card Back 102 93.01 15.35 53-135 -0.16 0.23 
Letter Fluency 103 8.95 2.80 3-15 -0.12 -0.41 
Category Fluency 103 9.10 3.27 1-18 -0.05 -0.09 
Category Switching 103 9.38 3.16 2-18 0.25 0.37 
Letter-Word Recognition 103 99.93 11.97 69-128 -0.29 -0.05 
Reading Fluency 103 98.28 14.52 66-135 0.01 -0.16 
Math Calculation 103 102.50 18.02 57-152 0.07 -0.16 
Math Fluency 102 95.41 18.19 61-155 0.43 0.12 
Spelling 103 99.53 15.26 60-132 -0.56 -0.20 
Writing Fluency 102 98.06 15.38 64-138 0.31 -0.26 
Reading Comprehension 103 95.71 10.77 62-121 -0.53 0.75 
Note. Standarized means and standard deviations for all variables are as follows. Verbal Comprehension, 
Perceptual Reasoning, Full Scale IQ, Identification, Detection, Groton Maze, Learning, One Card Back, 
and all Achievement Variables have a mean of 100 and standard deviation of 15. For Block Design, 
Vocabulary, Matrix Reasoning, and Similarities have a mean of 50 and a standard deviation of 10. Letter 
Fluency, Category Fluency, and Category Switching have a mean of 10 and a standard deviation of 3. 
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Table 3   
    
Trauma Exposure, Self (n=102) and Parent (n=103) Reported 
Characteristic Self-Reported Parent-Reported 

  n (%) n (%) 
Trauma Exposure 77 (75.5%) 81 (78.6%) 
    Trauma Type   
 Death/Divorce 6 (5.8%) 6 (5.8%) 

 Diabetes Related 61 (59.8%) 62 (60.2%) 

 Domestic Related Trauma /Troubles 5 (4.9%) 19 (18.4%) 

 Medical Trauma (Non-Diabetes) 12 (11.7%) 7 (6.8%) 

 Multiple Traumas 7 (6.9%) 19 (18.4%) 

 Physical Abuse (Relative) 2 (1.9%) 2 (1.9%) 

 Sexual Abuse (Non-Relative) 0 (0.0%) 2 (1.9%) 

 Sexual Abuse (Relative) 2 (1.9%) 2 (1.9%) 

 No Trauma Exposure 25 (24.5%) 22 (21.4%) 
    Was trauma experienced medically related?   
 Whole Population 69 (67.65%) 68 (66.02%) 

 Trauma Exposed 69 (89.61%) 68 (83.85%) 
    Was Diabetes mentioned as a traumatic event? 61 (59.8%) 62 (61.4%) 

 Initial Event 32 (31.4%) 47 (47.0%) 

 Other Major Event 26 (25.5%) 11 (11.0%) 

 Daily Trauma 6 (5.9%) 8 (8.0%) 

 Hospitalization 37 (36.3%) 45 (44.6%) 
    Symptoms Consistent with PTSD Criteria 32 (31.1%) 26 (25.2%) 
    Meet PTSD Symptom Criteria 

  

 
Intrusion/Reexperiencing (1+) 58 (56.3%) 50 (48.5%) 

 Avoidance/Numbing (3+) 50 (48.5%) 39 (37.9%) 

 Increased Arousal (2+)       69 (67%) 54 (52.4%) 
    
  Mean (SD) Mean (SD) 
Mean Number Trauma Symptoms Endorsed 6.19 (SD=4.67) 4.83 (SD=4.67) 
    Mean Total Score of PTSD Symptoms 11.26 (SD=10.36) 7.55 (SD=8.12) 

 Intrusion/Reexperiencing 2.64 (SD=3.0) 1.83 (SD=2.35) 

 Avoidance/Numbing 4.49 (SD=4.49) 3.15 (SD=3.84) 
  Increased Arousal 4.14 (SD=3.54) 2.58 (SD=2.67) 
Note. Daily trauma consists of events that can be expected to occur regularly such as self- or 
parent-administered injections, checking blood sugar, and physiological responses to typical 
blood sugar fluctuations. 
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Adolescent self-reported trauma. One of the 103 participants included in this analysis 

declined to answer if they were exposed to a traumatic event. Of the 102 who answered the 

question, 77 (75.5%) reported experiencing a traumatic event.  Of those who reported 

experiencing a traumatic event, 61 (59.8%) reported experiencing at least one trauma related to 

their diagnosis of T1DM; of those, 55 (53.9%) stated that it was the only trauma they 

experienced. Of the events reported that were related to T1DM, 37 (36.3%) mentioned 

hospitalization, 32 (31.4%) their initial diagnosis, 26 (25.5%) a major diabetic episode, and six 

(5.9%) described experiences relating to day-to-day T1DM maintenance. In addition to T1DM, 

participants reported experiencing the following categories of trauma: non-T1DM related 

medical (11.7%), domestic-related (4.9%), death of loved one/divorce (5.8%), physical abuse by 

relative (2.0%), and sexual-abuse by a relative (1.9%). Additionally, seven participants reported 

experiencing multiple types of traumas (6.9%).  

Parent-reported adolescent trauma.  Eighty-one (78.6%) of parents reported their child 

had experienced a traumatic.  Of those who reported that their child had experienced a traumatic 

event, 62 (61.4%) reported experiencing at least one trauma related to their diagnosis of T1DM; 

of those, 47 (45.6%) stated that it was the only trauma they experienced. Of the events reported 

that were related to T1DM, 37 (36.3%) mentioned hospitalization, 32 (31.4%) their initial 

diagnosis, 26 (25.5%) a major medical episode related to T1DM, and six (5.9%) described 

experiences relating to day-to-day T1DM maintenance. In addition to T1DM, parents reported 

the participants as experiencing the following categories of trauma: non-T1DM related medical 

(6.8%), domestic-related (18.4%), death of loved one/divorce (5.8%), physical abuse by a non-

relative (1.9%), sexual abuse by a relative (1.9%), and sexual abuse by a non-relative (1.9%). 

Additionally, 19 parents of participants reported experiencing multiple types of traumas (18.4%).  



    90 
TRAUMA AND TYPE 1 DIABETES 

Adolescent self-reported traumatic stress symptoms. As previously stated, the DSM-

IV divided traumatic stress symptoms into three categories, each of which had a minimum 

number of symptoms which must be endorsed for an individual to be diagnosed with PTSD: one 

symptom of intrusion, three symptoms of avoidance, and two symptoms of increased arousal. 

Participants self-reported that they had experienced an average of 6.19 (SD = 4.67; range = 0 to 

15) unique symptoms associated with traumatic stress. Out of the entire sample, fifty-eight 

(56.3%) participants endorsed at least one intrusion symptom. Fifty (48.5%) participants 

endorsed three or more symptoms of avoidance. Finally, sixty-nine (67%) participants endorsed 

at least two symptoms of increased arousal. When all symptom categories are taken into account, 

32 (31.1%) adolescents’ responses met criteria for PTSD. On average, participants’ responses 

yielded total trauma scores of 11.26 (SD = 10.36; range = 0 to 46). 

Parent-reported adolescent traumatic stress symptoms. Parent-reports indicated that 

their child had experienced an average of 4.83 (SD = 4.67; range = 0 to 16) symptoms of 

traumatic stress. Fifty (48.5%) participants endorsed at least one intrusion symptom. Thirty-nine 

(37.9%) participants endorsed three or more symptoms of avoidance. Finally, fifty-four (52.4%) 

participants endorsed at least two symptoms of increased arousal. When all symptom categories 

were taken into account, 26 (25.2%) of participants met criteria for PTSD according to parent 

responses. On average, parent responses yielded total trauma scores of 7.55 (SD = 8.12; range = 

0 to 34). 

Comparison of adolescent- and parent-reported trauma reporting. Parents and 

participants’ responses to the question if the participant had experienced a traumatic event were 

compared on a case-by-case basis; please refer to Table 4 for a complete view of the results. For 

the majority of participants, both respondents were in agreement (n = 83, 80.6%) in their  
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Table 4 
  

   Adolescent and Parent Reported Trauma Exposure Compared 
 Parent-Reported Adolescent Trauma 
Adolescent Reported Trauma No Yes 
No 14 (13.6%) 12 (11.7%) 
Yes 8 (7.8%) 69 (67%) 
* Chi-square test showed to be significant (p<0.01) 

  

reporting of whether the child had experienced a traumatic event. In 69 (67%) cases, both parent 

and participant agreed that a traumatic event had been experienced, while in 14 (13.6%) cases, 

both parent and participant agreed that a traumatic event had not been experienced. On eight 

(7.8%) occasions, the adolescent endorsed experiencing a traumatic event while their parent did 

not report their child had been exposed to a traumatic event. Conversely, 12 (11.7%) parents 

noted that the adolescent had experienced a traumatic event while their child did not disclose 

any.  

 Parents and participant responses were compared to determine if they answered questions 

assessing traumatic stress symptoms similarly. Please refer to Table 5 for a complete view of this 

information. In 58 (56.3%) cases, both parents and participants responded in a manner that did 

not show the adolescent met the criteria for a diagnosis of PTSD, whereas in 13 (12.6%) cases, 

they both responded in a manner consistent with a PTSD diagnosis. Among those cases for 

which there was not an agreement on PTSD, 19 (18.4%) adolescents endorsed answers 

consistent with PTSD even though their parents’ responses did not yield a PTSD-positive report 

and 13 (12.6%) parents endorsed enough symptoms that were consistent with PTSD when their 

child did not. 

Analysis of potential covariates. Covariates were analyzed using chi-square and t-test 

analyses. Of the five potential covariates, only gender showed significant differences, with more 
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Table 5 

  
   Adolescent and Parent Symptoms Reports Consistent with PTSD Compared 
 Parent-Reported Adolescent PTSD 
Adolescent Reported PTSD No Yes 
No 58 (56.3%) 13 (12.6%) 
Yes 19 (18.4%) 13 (12.6%) 
* Chi-square test showed to be significant (p<0.01) 

  

female than male participants disclosing trauma exposure and endorsing traumatic stress 

symptoms consistent with a PTSD diagnosis please refer to Table 6 for full results of chi-square 

analyses. T-test analysis for covariates can be reviewed in Tables 7 and 8. Correlation analyses 

for covariates can be reviewed in Tables 9; all of the neuropsychological and academic 

achievement variables were used in this analysis. Only those covariates that were found to have a 

significant relationship to a neuropsychological or academic variable were included in any later 

mentioned analyses in which covariates were accounted for. 

Table 6 
       

        Adolescent and Parent Reported Trauma Compared 
 Self-Reported Trauma  

Exposure 
 

Parent-Reported Trauma 
Exposure 

Gender No Yes χ2 
 

No Yes χ2 
Female 7(6.8%) 40(38.8%) 0.040* 

 
7(6.8%) 40(38.8%) 0.157 

Male 19(18.4%) 37(35.9%) 
  

15(14.6%) 41(39.8%) 
 Ethnicity No Yes χ2 

 
No Yes χ2 

Caucasian 15(14.6%) 40(38.8%) 0.655 
 

10(9.7%) 45(43.7%) 0.473 
Non-Caucasian 11(10.7%) 37(35.9%) 

  
12(11.7%) 36(35.0%) 

  Self-Reported PTSD 
 

Parent-Reported PTSD 
Gender No Yes χ2 

 
No Yes χ2 

Female 23(22.3%) 24(23.3%) <0.001** 
 

33(32.0%) 14(13.6%) 0.369 
Male 48(46.6%) 8(7.8%) 

  
44(42.7%) 12(11.7%) 

 Ethnicity No Yes χ2 
 

No Yes χ2 
Caucasian 40(38.8%) 15(14.6%) 0.4 

 
40(38.8%) 15(14.6%) 0.655 

Non-Caucasian 31(30.1%) 17(16.5%)     37(35.9%) 11(10.7%)   
* Indicates a significant difference between males and females 
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Table 7 
      

       Mean Differences of Females and Males on Neuropsychological and Academic Measures 
  Female Male         

Composite/Subtest Mean (SD) Mean (SD) t df p d 
Verbal Comprehension 101.06(13.70) 99.50(12.40) 0.61 101 .545 0.12 
Perceptual Reasoning 98.47(15.15) 101.70(14.66) -1.10 101 .275 -0.22 
Full-Scale IQ 99.94(14.04) 100.63(12.87) -0.26 101 .796 -0.05 
Block Design 47.89(10.41) 50.45(10.52) -1.23 101 .221 -0.25 
Vocabulary 51.15(9.65) 51.16(9.36) -0.01 101 .995 0.00 
Matrix Reasoning 50.53(9.33) 51.66(9.16) -0.62 101 .538 -0.12 
Similarities 50.34(9.79) 48.02(7.40) 1.34 84.43* .185 0.29 
Identification 81.71(18.14) 83.50(18.90) -0.48 98 .630 -0.10 
Detection 79.68(15.95) 79.18(19.21) 0.14 99 .888 0.03 
Groton Maze 101.65(15.93) 99.57(20.14) 0.57 100 .569 0.11 
Learning** 102.21(21.48) 93.52(20.97) 2.06 100 .042 0.41 
One Card Back 91.72(13.69) 94.11(16.69) -0.78 100 .435 -0.16 
Letter Fluency** 9.60(2.54) 8.41(2.91) 2.18 101 .032 0.43 
Category Fluency** 9.91(2.89) 8.41(3.44) 2.38 101 .019 0.47 
Category Switching 10.02(3.41) 8.84(2.85) 1.92 101 .058 0.38 
Letter-Word Recognition** 102.53(10.79) 97.75(12.56 2.05 101 .043 0.41 
Reading Fluency** 102.38(12.69) 94.84(15.17) 2.71 101 .008 0.54 
Math Calculation 104.17(18.98) 101.11(17.22) 0.86 101 .393 0.17 
Math Fluency 98.61(18.30) 92.79(17.82) 1.62 100 .108 0.32 
Spelling** 102.72(12.35) 96.86(16.98) 2.03 99.1* .046 0.41 
Writing Fluency** 102.17(13.45) 94.68(16.14) 2.51 100 .014 0.50 
Reading Comprehension 96.77(8.70) 94.82(12.25) 0.94 98.44* .350 0.19 
Note: Study was composed of 47 female participants and 56 male participants. 

  * Indicates that equal variance cannot be assumed 
    ** Indicates that a significant mean difference was present between male and female participants. 
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Table 8 
      

       Mean Differences of Caucasians and Non-Caucasians on Neuropsychological and Academic 
Measures 

  Caucasians Non-Caucasian         
Composite/Subtest Mean (SD) Mean (SD) t df p d 
Verbal Comprehension** 104.18(12.13) 95.67(12.51) 3.50 101 .001 0.70 
Perceptual Reasoning** 103.87(16.19) 96.04(12.12) 2.80 98.82* .006 0.56 
Full-Scale IQ** 104.60(13.05) 95.40(12.05) 3.70 101 .000 0.74 
Block Design 51.04(11.20) 47.27(9.34) 1.84 101 .069 0.37 
Vocabulary** 54.47(8.31) 47.35(9.31) 4.10 101 .000 0.82 
Matrix Reasoning** 53.56(9.96) 48.38(7.45) 2.96 101 .004 0.59 
Similarities** 50.67(8.70) 47.25(8.22) 2.04 101 .044 0.41 
Identification** 86.44(17.72) 78.26(18.56) 2.25 98 .027 0.45 
Detection** 83.52(17.07) 74.68(17.42) 2.57 99 .012 0.52 
Groton Maze 102.58(17.12) 98.21(19.38) 1.21 100 .229 0.24 
Learning 96.99(21.43) 98.12(21.88) -0.26 100 .793 -0.05 
One Card Back** 97.19(14.43) 88.31(15.13) 3.03 100 .003 0.61 
Letter Fluency** 9.60(2.82) 8.21(2.61) 2.59 101 .011 0.51 
Category Fluency** 9.71(3.25) 8.40(3.19) 2.06 101 .042 0.41 
Category Switching 9.84(3.17) 8.85(3.10) 1.59 101 .116 0.32 
Letter-Word Recognition 101.36(11.71) 98.29(12.18) 1.30 101 .195 0.26 
Reading Fluency 100.80(15.14) 95.40(13.35) 1.91 101 .059 0.38 
Math Calculation** 106.78(17.20) 97.60(17.86) 2.65 101 .009 0.53 
Math Fluency 97.98(20.19) 92.52(15.32) 1.52 100 .131 0.30 
Spelling 100.07(16.24) 98.92(14.19) 0.38 101 .703 0.08 
Writing Fluency 100.48(17.66) 95.33(11.92) 1.74 93.53* .085 0.36 
Reading Comprehension** 98.22(11.32) 92.83(9.41) 2.60 101 .011 0.52 

Note. Caucasian group (n=55) defined as participants who only endorsed Caucasian as their 
ethnicity. Non-Caucasian group (n=48) defined as participants who selected one or more 
ethnicity(ies) other than Caucasian.  
* Indicates that equal variance cannot be assumed 

    **Indicates that a significant mean difference was present between Caucasian and non-Caucasian 
participants. 
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Table 9 
   

    Correlations Between Continuous Covariates and Neuropsychological and Academic 
Achievement Variables 
Composite/Subtest Age Household Income HbA1c 
Verbal Comprehension -0.08 0.29** -0.17 
Perceptual Reasoning -0.08 0.15 -0.03 
Full-Scale IQ -0.09 0.25* -0.09 
Block Design -0.09 0.08 -0.01 
Vocabulary -0.02 0.34*** -0.20* 
Matrix Reasoning -0.07 0.17 -0.04 
Similarities -0.11 0.19 -0.09 
Identification 0.22* 0.27** -0.08 
Detection 0.27** 0.26** -0.04 
Groton Maze -0.10 0.08 0.03 
Learning 0.09 0.10 0.01 
One Card Back 0.19 0.33*** -0.12 
Letter Fluency 0.01 0.27** -0.17 
Category Fluency 0.12 0.13 -0.10 
Category Switching -0.05 0.17 -0.08 
Letter-Word Recognition -0.38*** 0.21* -0.25* 
Reading Fluency -0.20* 0.31*** -0.20* 
Math Calculation -0.10 0.32*** -0.10 
Math Fluency -0.13 0.3*** -0.09 
Spelling -0.07 0.21* -0.14 
Writing Fluency -0.19 0.25* -0.18 
Reading Comprehension 0.02 0.25* -0.15 
* Correlation is significant at the 0.05 level 

 ** Correlation is significant at the 0.01 level 
 ** Correlation is significant at the 0.001 level 
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Research Question 1, Hypothesis: Adolescents with T1DM with a history of traumatic 

event exposure will perform significantly worse on tests of neuropsychological performance 

than those who did not have a reported traumatic event exposure. 

Adolescent self-reported trauma exposure. Results of the t-tests (see Table 10) 

indicated that those who self-reported trauma-exposure scored significantly different than those 

who did not on measure of WASI-II Perceptual Reasoning, t (101) = -2.12, p = 0.036, d = -0.13, 

and D-KEFS Category Fluency, t (101) = 2.01, p = 0.048, d = 0.40. When covariate of ethnicity 

was added to the model in an ANCOVA, adolescents who reported trauma exposure (M = 98.44, 

SD = 14.98) were shown to score significantly lower than their non-trauma exposure 

counterparts (M = 105.50, SD = 13.57) on the WASI-II Perceptual Reasoning subtest, F(1, 99)= 

5.99, p = 0.036,  η2  = 0.11, with both Self-Reported Trauma Exposure (p = 0.043,  η2  = 0.04) 

and Ethnicity (p = 0.009,  η2  = 0.07) significantly contributing to the model (refer to Table 11). 

When a model comparing performance on the D-KEFS Category Fluency subtest by Self-

Reported Trauma Exposure included Ethnicity as a covariate and Gender as a factor, it remained 

significant, F(1, 98)= 4.13, p = 0.004,  η2  = 0.14, with Ethnicity (p = 0.02,  η2  = 0.05)  and 

Gender (p = 0.01,  η2  = 0.07)  uniquely, significantly contributing to the model. Adolescents 

who reported trauma exposure (M = 9.47, SD = 3.06) scored significantly higher than their non-

trauma exposed counterparts (M = 8.00, SD = 3.70) on the measure of D-KEFS Category 

Fluency (see Table 12). 

Secondary analyses compared three groups: adolescents who self-reported trauma 

exposure to medical trauma, exposure to non-medical trauma, and those who did not report any 

trauma experiences on all neuropsychological outcomes. Analyses using ANOVA did not yield 
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any significant results when three groups were compared on each of the neuropsychological 

variables, suggesting that trauma exposure in general may affect WASI-II Perceptual Reasoning,  

Table 10 
      

       Adolescent Self-Reported Trauma Exposure and Neurocognitive Performance 
  Trauma Exposed Not Exposed         

Composite/Subtest Mean(SD) Mean(SD) t df p d 
Verbal Comprehension 99.74(12.62) 101.62(14.13) -0.64 101 .527 -0.13 
Perceptual Reasoning* 98.44(14.98) 105.50(13.57) -2.12 101 .036 -0.42 
Full-Scale IQ 99.08(12.89) 103.96(14.29) -1.63 101 .107 -0.32 
Block Design 48.12(10.32) 52.73(10.46) -1.97 101 .052 -0.39 
Vocabulary 50.77(9.35) 52.31(9.83) -0.72 101 .475 -0.14 
Matrix Reasoning 50.27(9.48) 53.73(7.97) -1.67 101 .098 -0.33 
Similarities 49.00(8.60) 49.31(8.81) -0.16 101 .876 -0.03 
Identification 82.03(18.68) 84.50(18.14) -0.58 98 .561 -0.12 
Detection 79.08(17.66) 80.36(18.18) -0.32 99 .752 -0.06 
Groton Maze 98.94(19.75) 105.16(12.13) -1.51 100 .134 -0.30 
Learning 97.21(22.39) 98.44(19.25) -0.25 100 .803 -0.05 
One Card Back 92.48(14.38) 94.56(18.13) -0.59 100 .554 -0.12 
Letter Fluency 9.12(2.77) 8.46(2.87) 1.03 101 .304 0.21 
Category Fluency* 9.47(3.06) 8.00(3.70) 2.01 101 .048 0.40 
Category Switching 9.55(3.09) 8.88(3.37) 0.92 101 .359 0.18 
Note. 77 adolescents self-reported exposure to trauma while 26 did not. 

   * Indicates a statistically significant variable 
      

Table 11 
    

     
Analysis of Co-Variance for Perceptual IQ by Adolescent Report of Trauma Experience 
Source df F p η2 
Corrected Model 3 5.99 .003 0.11 
Intercept 1 2635.95 .000 0.96 
Ethnicity 1 7.20 .009 0.07 
Self-Reported Trauma Exposure 1 4.21 .043 0.04 
Error 99    
Total 103    
Corrected Total 102       
Note. Mean (Standard Deviation) for those that experienced a traumatic event (n=77), 98.44 
(14.98) and whose that did not (n=26), 105.50(13.57) 
* R Squared = .107 (Adjusted R Squared = .089)   
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Table 12 
    

     
Analysis of Co-Variance for DKEFS Category Fluency by Adolescent Report of Trauma 
Experience 
Source df F p η2 
Corrected Model 4 4.13 .004 0.14 
Intercept 1 422.98 .000 0.81 
Ethnicity 1 5.60 .020 0.05 
Self-Reported Trauma Exposure 1 1.10 .296 0.01 
Gender 1 7.00 .010 0.07 
Trauma Exposure x Gender 1 2.06 .154 0.02 
Error 98    
Total 103    
Corrected Total 102       
Note. Mean (Standard Deviation) for those that experienced a traumatic event (n=77), 9.47(3.06) 
and whose that did not (n=26), 8.00(3.70) 
* R Squared = .144 (Adjusted R Squared = .109) 
 
which measures nonverbal reasoning and visual-spatial ability, and D-KEFS Category Fluency, a 

measure of semantic knowledge, rather than the type of trauma. Refer to Table 13 for full results.  

Parent-reported adolescent trauma exposure. T-tests comparing parent-reported 

adolescent trauma exposure with neuropsychological performance variables found only the 

model with the WASI-II Block Design, t (101) = -2.53, p = 0.048, d = -0.50, variable to be 

significant (see Table 14). As previous analysis indicated that no covariates related to the 

outcome, additional analysis was determined to be unnecessary. Individuals who did not have a 

parent-reported exposure to a traumatic event (M = 54.18, SD = 9.69) scored significantly better 

than those whose parents did report exposure to a traumatic event (M = 47.95, SD = 10.36). 

Secondary analyses compared three groups: adolescents who had parent-reported trauma 

exposure to medical trauma, exposure to non-medical trauma, and those who did not report any 

trauma experiences. Analyses using ANOVA found that WASI-II Block Design p = 0.048, η2 = 

0.40, was the only variable where group differences were present (Refer to Table 15). Again,  
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Table 13 
       

        Analysis of Variance for Neuropsychological Variables by Self-Reported Trauma Related to a 
Medical Experience 
Composite/Subt
est 

Medical 
Trauma 

Non-Medical 
Trauma No Trauma df F p η2 

Verbal 
Comprehension 99.97(12.26) 97.75(16.25) 

101.62(14.1
3) 

2, 
100 

0.3
0 

.73
8 

0.0
1 

Perceptual 
Reasoning 98.32(15.22) 99.50(13.62) 

105.50(13.5
7) 

2, 
100 

2.2
6 

.11
0 

0.0
4 

Full-Scale IQ 99.14(12.82) 98.50(14.40) 
103.96(14.2

9) 
2, 

100 
1.3
2 

.27
3 

0.0
3 

Block Design 48.03(10.23) 48.88(11.73) 
52.73(10.46

) 
2, 

100 
1.9
4 

.15
0 

0.0
4 

Vocabulary 50.83(9.22) 50.25(11.09) 52.31(9.83) 
2, 

100 
0.2
7 

.76
5 

0.0
1 

Matrix 
Reasoning 50.23(9.81) 50.63(6.44) 53.73(7.97) 

2, 
100 

1.3
9 

.25
5 

0.0
3 

Similarities 49.22(8.50) 47.13(9.79) 49.31(8.81) 
2, 

100 
0.2
2 

.80
2 

0.0
0 

Identification 82.37(17.88) 79.28(25.69) 
84.50(18.14

) 2, 97 
0.2
7 

.76
6 

0.0
1 

Detection 79.38(17.70) 76.54(18.27) 
80.36(18.18

) 2, 98 
0.1
4 

.87
0 

0.0
0 

Groton Maze 98.76(20.12) 100.48(17.39) 
105.16(12.1

3) 2, 99 
1.1
6 

.31
8 

0.0
2 

Learning 96.76(23.16) 101.01(14.67) 
98.44(19.25

) 2, 99 
0.1
7 

.84
5 

0.0
0 

One Card Back 92.47(14.58) 92.58(13.46) 
94.56(18.13

) 2, 99 
0.1
7 

.84
0 

0.0
0 

Letter Fluency 9.09(2.81) 9.38(2.56) 8.46(2.87) 
2, 

100 
0.5
7 

.57
0 

0.0
1 

Category 
Fluency 9.36(3.11) 10.38(2.56) 8.00(3.70) 

2, 
100 

2.3
6 

.10
0 

0.0
5 

Category 
Switching 9.49(3.17) 10.00(2.33) 8.88(3.37) 

2, 
100 

0.5
1 

.60
1 

0.0
1 

Note. Three groups: Participants exposed to a medical trauma (n=69), participants exposed to a 
non-medical trauma (n=8), and participants who have not been exposed to a trauma (n=26). 
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Table 14 
      

       Parent-Reported Adolescent Trauma Exposure and Cognitive Ability 

  
Trauma 
Exposed Not Exposed         

Composite/Subtest Mean(SD) Mean(SD) t df p d 
Verbal Comprehension 100.06(12.54) 100.77(14.75) -0.23 101 .821 -0.05 
Perceptual Reasoning 99.12(14.91) 104.27(14.46 -1.45 101 .151 -0.29 
Full-Scale IQ 99.68(13.23) 102.64(13.86) -0.92 101 .360 -0.18 
Block Design* 47.95(10.36) 54.18(9.69) -2.53 101 .013 -0.50 
Vocabulary 51.10(9.45) 51.36(9.66) -0.12 101 .908 -0.02 
Matrix Reasoning 51.21(9.38) 50.91(8.76) 0.14 101 .893 0.03 
Similarities 49.12(8.51) 48.91(9.17) 0.10 101 .918 0.02 
Identification 81.47(18.75) 87.22(17.10) -1.27 98 .206 -0.26 
Detection 78.03(17.81) 84.66(16.72) -1.54 99 .127 -0.31 
Groton Maze 99.08(19.41) 106.10(11.62) -1.58 100 .117 -0.32 
Learning 97.09(22.48) 99.20(17.86) -0.40 100 .691 -0.08 
One Card Back 91.60(14.76) 98.46(16.71) -1.85 100 .068 -0.37 
Letter Fluency 9.00(2.90) 8.77(2.43) 0.34 101 .737 0.07 
Category Fluency 9.14(3.44) 8.95(2.65) 0.23 101 .819 0.05 
Category Switching 9.28(3.19) 9.73(3.09) -0.58 101 .562 -0.12 
Note. 81 adolescents had parent-reported exposure to trauma while 22 did not. 

 
 

* Indicates a statistically significant variable 
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Table 15 
       

        Analysis of Variance for Neuropsychological Variables by Parent-Reported Trauma Related to a 
Medical Experience 
Composite/Subt
est 

Medical 
Trauma 

Non-Medical 
Trauma No Trauma df F p η2 

Verbal 
Comprehension 100.21(12.45) 99.31(13.50) 100.77(14.7

5) 
2, 

100 
0.0
5 

.95
0 

0.0
0 

Perceptual 
Reasoning 100.34(15.10) 92.77(12.56) 104.27(14.4

6) 
2, 

100 
2.5
2 

.08
6 

0.0
5 

Full-Scale IQ 100.49(13.22) 95.46(12.97) 102.64(13.8
6) 

2, 
100 

1.2
0 

.30
5 

0.0
2 

Block Design* 48.59(10.34) 44.62(10.24) 54.18(9.69) 2, 
100 

4.0
6 

.02
0 

0.0
8 

Vocabulary 51.34(9.43) 49.85(9.84) 51.36(9.66) 2, 
100 

0.1
4 

.86
9 

0.0
0 

Matrix 
Reasoning 52.07(9.61) 46.69(6.73) 50.91(8.77) 2, 

100 
1.9
0 

.15
4 

0.0
4 

Similarities 49.04(8.19) 49.54(10.37) 48.91(9.17) 2, 
100 

0.0
2 

.97
7 

0.0
0 

Identification 82.15(19.39) 77.64(14.75) 87.22(17.10
) 2, 97 

1.1
1 

.33
4 

0.0
2 

Detection 78.84(18.04) 73.42(16.35) 84.66(16.72
) 2, 98 

1.6
7 

.19
4 

0.0
3 

Groton Maze 99.03(20.17) 99.34(15.54) 106.10(11.6
2) 2, 99 

1.2
4 

.29
4 

0.0
2 

Learning 97.67(22.99) 94.07(20.13) 99.20(17.86
) 2, 99 

0.2
3 

.79
6 

0.0
0 

One Card Back 92.34(14.68) 87.71(15.18) 98.46(16.71
) 2, 99 

2.2
1 

.11
5 

0.0
4 

Letter Fluency 9.25(2.84) 7.69(3.01) 8.77(2.43) 2, 
100 

1.7
7 

.17
5 

0.0
3 

Category 
Fluency 9.16(3.49) 9.00(3.37) 8.95(2.65) 2, 

100 
0.0
4 

.96
2 

0.0
0 

Category 
Switching 9.46(3.23) 8.38(2.90) 9.73(3.09) 2, 

100 
0.7
9 

.45
5 

0.0
2 

Note. Three groups: Participants exposed to a medical trauma (n=68), participants exposed to a 
non-medical trauma (n=13), and participants who have not been exposed to a trauma (n=22). 
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previous analysis indicated that no covariates would have a significant impact, so they were not 

included in post-hoc analysis. Post-hoc analysis indicated that participants who experienced a 

non-medically related trauma (M = 44.62, SD = 10.24) scored significantly lower than those who 

did not experience any trauma (M = 54.18, SD = 9.69). Those who experienced a medical trauma 

(M = 48.59, SD = 10.34) did not differ significantly from either of the other two groups (See 

Table 16). 

Table 16 
       

        Post Hoc Results of ANOVA for Block Design Variable by Parent-Reported Medical Trauma 

Subtest  
Medical 
Trauma 

Non-Medical 
Trauma 

Non-Trauma 
Exposed F p η2 Bonferroni 

Block Design 48.59(10.34) 44.62(10.24) 54.18(9.69) 4.06 0.02 0.08 2 < 3 
Note. Three groups: Participants exposed to a medical trauma (n=68), participants exposed to a 
non-medical trauma (n=13), and participants who have no been exposed to a trauma (n=22). 
 

Research Question 2, Hypothesis: Adolescents with T1DM with a history of traumatic 

event exposure will perform significantly worse on tests of academic achievement than 

those who did not have a reported traumatic event exposure. 

Adolescent self-reported trauma exposure. T-test results comparing academic 

achievement variables as a function of adolescent self-reported trauma exposure indicated that 

there were no significant differences on academic achievement between those who self-reported 

experiencing a traumatic event and those who did not (see Table 17). Secondary analyses using 

ANOVA comparing adolescents who self-reported exposure to medical trauma, adolescents who 

reported exposure to non-medical trauma, and those who did not report any trauma experiences 

also did not yield any significant results when three groups were compared on each of the 

academic achievement variables. Refer to Table 18 for full results. 
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Table 17 
      

       Adolescent Self-Reported Trauma Exposure and Academic Achievement 
  Trauma Exposed Not Exposed         

Subtest Mean(SD) Mean(SD) t df p d 

Letter-Word Recognition 99.77(10.56) 100.42(15.65) -0.20 33* .84
3 -0.07 

Reading Fluency 98.74(14.32) 96.92(15.31) 0.55 101 .58
4 0.11 

Math Calculation 102.23(17.30) 103.31(20.35) -0.26 101 .79
4 -0.05 

Math Fluency 95.21(16.82) 96.00(22.06) -0.19 100 .85
0 -0.04 

Spelling 99.82(13.09) 98.69(20.69) 0.26 32* .79
6 0.09 

Writing Fluency 98.87(14.74) 95.69(17.19) 0.91 100 .36
6 0.18 

Reading Comprehension 95.77(9.65) 95.54(13.77) 0.08 34* .93
8 0.03 

Note. 77 adolescents self-reported exposure to trauma while 26 did not. 
   * Analysis run with equal variance not assumed due to significant Levene's Test 

result 
 

 
 
Table 18 

       
        Analysis of Variance for Academic Achievement Variables by Self-Reported Trauma 
Related to a Medical Experience 

 
Subtest 

Medical 
Trauma 

Non-Medical 
Trauma No Trauma df F p η2 

Letter-Word 
Recognition 100.0(10.23) 97.13(13.63) 

100.42(15.6
5) 

2, 
100 0.24 .78

5 
0.0
0 

Reading 
Fluency 98.9(14.48) 96.75(13.59) 

96.92(15.31
) 

2, 
100 0.23 .79

3 
0.0
0 

Math 
Calculation 103.09(17.61) 94.88(13.01) 

103.31(20.3
5) 

2, 
100 0.78 .46

3 
0.0
2 

Math Fluency 95.60(16.98) 91.88(16.10) 
96.00(22.06

) 2, 99 0.17 .84
7 

0.0
0 

Spelling 99.48(13.13) 102.75(13.25) 
98.69(20.69

) 
2, 

100 0.21 .80
7 

0.0
0 

Writing Fluency 99.13(15.02) 96.63(12.71) 
95.69(17.19

) 2, 99 0.50 .60
6 

0.0
1 

 Reading 
Comprehension 96.22(9.60) 91.88(9.86) 

95.54(13.77
) 

2, 
100 0.58 .56

0 
0.0
1 

Note. Three groups: Participants exposed to a medical trauma (n=69), participants exposed to a 
non-medical trauma (n=8), and participants who have not been exposed to a trauma (n=26). 
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Parent-reported adolescent trauma exposure. T-tests results comparing parent-

reported adolescent trauma exposure with academic achievement variables indicated that there 

was no significant difference on academic achievement between those whose parents who 

reported their child experiencing a traumatic event from those parents who reported that their 

child did not (see Table 19). Secondary analyses using ANOVA indicated that WJ-III-NU Math 

Calculation, F(2, 100)= 4.31, p = 0.016, η2 = 0.02, score differed significantly across the three 

groups by parent-reported medical trauma experience. Refer to Table 20 for full results. When 

covariates were considered, the parent-reported medical trauma model, F(2, 95)= 3.73, p = 

0.028, η2 = 0.18, remained a significant with parent-reported medical trauma (p = 0.017, η2 = 

0.08) and age (p = 0.030, η2 = 0.05) each making significant, unique contribution to the model 

(refer to Tables 21). Further group comparison was done with post-hoc analysis (Refer to Table 

22) for WJ-III-NU Math Calculation, F(2, 95)= 4.24, p = 0.017, η2 = 0.08, individuals whose 

parents reported that they had experienced a non-medically related trauma (M = 89.54, SD = 

13.92) scored significantly lower than those whose parents reported that their child had 

experienced a trauma related to a medical incident (M = 105.06, SD = 17.32) and those who did 

not report experiencing trauma (M = 102.27, SD = 19.60). 

Research Question 3, Hypothesis A: Adolescents with greater self- and parent-reported 

traumatic stress symptom total scores (i.e., more frequent occurrences of 

neuropsychological traumatic stress symptoms) will perform significantly worse on tests of 

neuropsychological performance than those with lower traumatic stress symptom total 

scores. Hypothesis B: Number of self- and parent-reported traumatic stress symptom will 

be associated with lower scores on tests of cognitive functions. 
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Table 19 
      

       Parent-Reported Adolescent Trauma Exposure and Academic Achievement 

  
Trauma 
Exposed Not Exposed         

Composite/Subtest Mean(SD) Mean(SD) t df p d 
Letter-Word Recognition 100.40(10.80) 98.23(15.74) 0.61 27* .548 0.23 
Reading Fluency 99.33(13.48) 94.41(17.67) 1.42 101 .159 0.28 
Math Calculation 102.57(17.70) 102.27(19.60) 0.07 101 .946 0.01 
Math Fluency 95.61(17.13) 94.68(22.05) 0.21 100 .833 0.04 
Spelling 99.77(10.01) 98.68(19.54) 0.24 27* .809 0.09 
Writing Fluency 98.64(15.21) 95.95(16.16) 0.72 100 .471 0.14 
Reading Comprehension 95.78(10.56) 95.45(11.77) 0.12 101 .901 0.02 
Note. 81 adolescents had parent-reported exposure to trauma while 22 did not. 

 
 

* Analysis run with equal variance not assumed due to significant Levene's Test result 
 

Table 20 
       

        Analysis of Variance for Academic Achievement Variables by Parent-Reported Adolescent 
Trauma Related to a Medical Experience 
Composite/Subt
est 

Medical 
Trauma 

Non-Medical 
Trauma No Trauma df F p η2 

Letter-Word 
Recognition 101.06(10.37) 96.92(12.72) 

98.23(15.74
) 

2, 
100 

0.9
3 

.39
6 

0.0
2 

Reading 
Fluency 99.71(13.23) 97.38(15.13) 

94.41(17.67
) 

2, 
100 

1.1
4 

.32
5 

0.0
2 

Math 
Calculation* 105.06(17.32) 89.54(13.92) 

102.27(19.6
0) 

2, 
100 

4.3
1 

.01
6 

0.0
8 

Math Fluency 97.51(17.18) 85.85(13.56) 
94.68(22.05

) 2, 99 
2.3
2 

.10
4 

0.0
4 

Spelling 100.53(13.81) 95.77(14.97) 
98.68(19.54

) 
2, 

100 
0.5
7 

.56
7 

0.0
1 

Writing Fluency 100.04(15.20) 91.38(13.54) 
95.95(16.16

) 2, 99 
2.0
3 

.13
7 

0.0
4 

 Reading 
Comprehension 97.04(10.79) 89.15(6.01) 

95.45(11.77
) 

2, 
100 

3.0
6 

.05
1 

0.0
6 

Note. Three groups: Participants exposed to a medical trauma (n=68), participants exposed to a 
non-medical trauma (n=13), and participants who have not been exposed to a trauma (n=22). 
* Indicates a statistically significant variable 
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Table 21 
    

   
 

 
Analysis of Co-Variance for Math Calculation by Parent-Reported Adolescent Medical Trauma 
Source df F p η2 
Corrected Model 4 5.49 .000 0.18 
Intercept 1 191.60 .000 0.66 
Ethnicity 1 1.81 .182 0.02 
Age 1 4.82 .030 0.05 
Parent-Reported Medical Trauma Exposure 2 4.24 .017 0.08 
Error 98   

 
Total 103   

 
Corrected Total 102       
Note. Three groups: Participants exposed to a medical trauma (n=68), participants exposed to a 
non-medical trauma (n=13), and participants who have not been exposed to a trauma (n=22). 
* R Squared = .183 (Adjusted R Squared = .150) 
 

Table 22 
       

        Post Hoc Results of ANCOVA for Math Calculation Variable by Parent-Reported Adolescent 
Medical Trauma 

Subtest 
Medical 
Trauma 

Non-
Medical 
Trauma 

Non-Trauma 
Exposed F p η2 Bonferroni 

Math Calc 105.06 (17.32) 89.54(13.92) 102.27(19.60) 4.24 0.017 0.08 2 < 1, 3 
Note. Three groups: Participants exposed to a medical trauma (n=68), participants exposed to a 
non-medical trauma (n=13), and participants who have not been exposed to a trauma (n=22). 
 

Adolescent self-reported trauma symptom scores. When examining the correlations 

between the three adolescent self-reported trauma symptom category scores (intrusion, 

avoidance, and arousal) as well as total symptoms scores, as measured by the CTRI-PTSD, with 

neuropsychological performance variables (see Table 23), analyses found significant relations 

between trauma total symptom scores and eight of the neuropsychological performance 

variables: WASI-II Full-Scale IQ, WASI-II Perceptual Reasoning, WASI-II Block Design, 

WASI-II Matrix Reasoning, Cogstate Identification, Cogstate Detection, Cogstate Groton Maze,  
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Table 23 
    

     Correlations Between Adolescent Self-Reported Trauma Symptom Total Score and 
Neurocognitive Assessment Performance 

Composite/Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Full-Scale IQ -.22* -.24* -.30** -.27** 
Verbal Comprehension -0.11 -0.12 -0.14 -0.14 
Perceptual Reasoning -.26** -.29** -.36*** -.33*** 
Block Design -.34*** -.34*** -.40*** -.38*** 
Vocabulary -0.06 -0.14 -0.15 -0.13 
Matrix Reasoning -0.13 -0.16 -.25* -0.19 
Similarities -0.13 -0.09 -0.10 -0.11 
Identification -0.11 -0.14 -.22* -0.17 
Detection -.20* -0.19 -.26** -.23* 
Groton Maze -.20* -.27** -.26** -.26** 
Learning -0.15 -0.19 -.21* -.20* 
One Card Back -0.03 -0.03 -0.05 -0.04 
Letter Fluency 0.04 -0.01 -0.03 0.00 
Category Fluency 0.07 0.08 0.00 0.06 
Category Switching 0.12 0.10 0.13 0.12 
* Correlation is significant at the 0.05 level 

  ** Correlation is significant at the 0.01 level 
  ** Correlation is significant at the 0.001 level 
   

and Cogstate One-Card Learning. The three symptom category scores were run in multiple 

regressions with neuropsychological variables that were shown to have significant correlations. 

Demographic variables were also included in these models to account for their potential impact.   

The trauma symptom scores for each of the symptom categories and the demographic 

variables of gender, age, ethnicity, income, and blood glucose control, were entered together to 

predict each neuropsychological variable listed above. Together these variables predicted 

performance in six neuropsychological variables. Trauma symptom scores predicted WASI-II 

Full-Scale IQ performance, F(8, 94) = 3.88, p = 0.001, R2 = 0.18, with Arousal Symptoms (β = -

0.39, p = 0.037) and Ethnicity (β = -0.32, p = 0.003) each contributing unique variance to the 
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model (refer to Table 24). The model was also significant for WASI-II Perceptual Reasoning 

performance, F(8, 94) = 3.52, p = 0.001, R2 = 0.17,  with Arousal Symptoms (β = -0.41, p = 

0.028) and Ethnicity (β = -.26, p = 0.015) each contributing unique variance (refer to Table 25).  

WASI-II Block Design performance was predicted by traumatic stress symptoms, F(8, 

94) = 3.54, p = 0.001, R2 = 0.17, with Arousal Symptoms (β = -0.41, p = 0.028) and Age (β = -

0.19, p = 0.049) each contributing unique variance (refer to Table 26).  Traumatic stress 

symptoms scores predicted WASI-II Matrix Reasoning performance, F(8, 94) = 2.51, p = 0.016, 

R2 = 0.11, with Arousal Symptoms (β = -0.49, p = 0.012) and Ethnicity (β = -0.27, p = 0.016) 

each contributing unique variance (refer to Table 27).  Cogstate Identification performance was 

also predicted by trauma symptom scores, F(8, 91) = 2.37, p = 0.023, R2 = 0.10, with no 

individual variables contributing significant, unique variance (refer to Table 28).  Trauma 

symptom scores predicted CogState Detection performance, F(8, 92) = 3.19, p = 0.003, R2 = 

0.15, with only Age (β = -0.21, p = 0.031) contributing significant, unique variance (refer to 

Table 29). Trauma symptom scores approached significantly predicting CogState Groton Maze 

performance, F(8, 93) = 2.01, p = 0.054, R2 = 0.07, with no individual variables contributing 

significant, unique variance (refer to Table 30).  Lastly, analysis found that traumatic stress 

symptoms scores did not predict Cogstate One-Card Learning performance, F(8, 93) = 1.71, p = 

0.106, R2 = 0.05 (refer to Table 31).   

Number of adolescent self-reported traumatic stress symptoms endorsed. We 

conducted analyses to compare neuropsychological performance variables with the number of 

traumatic stress symptoms self-reported by the participants. Correlational analyses revealed 

significant associations between the number of endorsed traumatic stress symptoms and nine of 

the neuropsychological performance variables: WASI-II Full-Scale IQ, WASI-II Verbal  
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Table 24 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Full Scale IQ 
Variable B SE B β t p 
Intrusion Symptoms -0.41 0.76 -0.09 -0.54 .593 
Avoidance/Numbing Symptoms 0.44 0.60 0.15 0.74 .460 
Arousal Symptoms -1.46 0.69 -0.39 -2.12 .037 
Gender -1.17 2.55 -0.04 -0.46 .648 
Age -1.09 0.59 -0.17 -1.86 .066 
Ethnicity -8.43 2.77 -0.32 -3.04 .003 
Household Income 0.00 0.00 0.12 1.07 .288 
HbA1c 0.46 0.68 0.07 0.68 .498 
Adjusted R2 

 
0.18    

F   3.88*       
* p = .001 

      

Table 25 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Perceptual Reasoning 
Variable B SE B β t p 
Intrusion Symptoms -0.15 0.86 -0.03 -0.17 .866 
Avoidance/Numbing Symptoms 0.41 0.67 0.12 0.61 .546 
Arousal Symptoms -1.96 0.78 -0.47 -2.53 .013 
Gender 0.95 2.88 0.03 0.33 .742 
Age -1.22 0.66 -0.17 -1.84 .068 
Ethnicity -7.73 3.13 -0.26 -2.47 .015 
Household Income 0.00 0.00 0.05 0.48 .635 
HbA1c 0.79 0.77 0.10 1.03 .305 
Adjusted R2 

 
0.17    

F   3.52*       
* p = .001 
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Table 26 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Block Design Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.50 0.60 -0.14 -0.83 .409 
Avoidance/Numbing Symptoms 0.26 0.47 0.11 0.56 .579 
Arousal Symptoms -1.22 0.55 -0.41 -2.23 .028 
Gender 0.64 2.03 0.03 0.31 .754 
Age -0.93 0.47 -0.19 -2.00 .049 
Ethnicity -4.18 2.20 -0.20 -1.90 .061 
Household Income 0.00 0.00 0.02 0.19 .853 
HbA1c 0.56 0.54 0.10 1.04 .302 
Adjusted R2 

 
0.17    

F   3.54*       
* p = .001 

      

Table 27 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Matrix Reasoning Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.20 0.55 0.07 0.37 .715 
Avoidance/Numbing Symptoms 0.42 0.43 0.20 0.97 .333 
Arousal Symptoms -1.28 0.50 -0.49 -2.58 .012 
Gender 0.48 1.84 0.03 0.26 .795 
Age -0.61 0.42 -0.14 -1.43 .155 
Ethnicity -4.92 2.00 -0.27 -2.46 .016 
Household Income 0.00 0.00 0.07 0.59 .558 
HbA1c 0.43 0.49 0.09 0.88 .381 
Adjusted R2 

 
0.11    

F   2.51*       
* p = .016 
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Table 28 

     
      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Identification Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.15 1.11 0.03 0.14 .890 
Avoidance/Numbing Symptoms 0.97 0.89 0.23 1.10 .277 
Arousal Symptoms -2.02 1.03 -0.39 -1.97 .052 
Gender 1.47 3.79 0.04 0.39 .699 
Age 1.61 0.88 0.18 1.83 .071 
Ethnicity -3.77 4.06 -0.10 -0.93 .355 
Household Income 0.00 0.00 0.23 1.98 .051 
HbA1c 0.20 1.00 0.02 0.20 .839 
Adjusted R2 

 
0.10    

F   2.37*       
* p = .023 

      

Table 29 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Detection Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.94 1.03 -0.16 -0.91 .364 
Avoidance/Numbing Symptoms 1.05 0.81 0.27 1.29 .202 
Arousal Symptoms -1.61 0.95 -0.32 -1.70 .093 
Gender -1.72 3.47 -0.05 -0.49 .622 
Age 1.80 0.82 0.21 2.20 .031 
Ethnicity -5.65 3.76 -0.16 -1.50 .137 
Household Income 0.00 0.00 0.22 1.95 .054 
HbA1c 0.65 0.93 0.07 0.70 .485 
Adjusted R2 

 
0.15    

F   3.19*       
* p = .003 
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Table 30 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Groton Maze Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.43 1.11 0.07 0.39 .697 
Avoidance/Numbing Symptoms -1.15 0.88 -0.28 -1.32 .192 
Arousal Symptoms -0.76 1.02 -0.15 -0.75 .458 
Gender -5.98 3.73 -0.16 -1.60 .112 
Age -1.62 0.87 -0.19 -1.87 .065 
Ethnicity -5.17 4.04 -0.14 -1.28 .204 
Household Income 0.00 0.00 -0.01 -0.08 .937 
HbA1c 0.98 1.00 0.10 0.98 .328 
Adjusted R2 

 
0.07    

F   2.01*       
* p = .054 

      

Table 31 
     

      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Learning Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.29 1.32 0.04 0.22 .825 
Avoidance/Numbing Symptoms -0.81 1.04 -0.17 -0.77 .441 
Arousal Symptoms -0.87 1.21 -0.14 -0.72 .475 
Gender -11.44 4.45 -0.27 -2.57 .012 
Age 0.51 1.03 0.05 0.50 .621 
Ethnicity 3.00 4.81 0.07 0.62 .535 
Household Income 0.00 0.00 0.11 0.97 .335 
HbA1c 0.61 1.19 0.05 0.52 .606 
Adjusted R2 

 
0.05    

F   1.71*       
* p = .106 
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Comprehension, WASI-II Perceptual Reasoning, WASI-II Block Design, WASI-II Vocabulary, 

WASI-II Matrix Reasoning, Cogstate Identification, Cogstate Detection, and Cogstate Groton 

Maze (see Table 32). The numbers of symptoms endorsed from the three symptom categories 

(intrusion, avoidance, and arousal) were run in multiple regressions with neuropsychological 

variables that were shown to have significant correlations. Demographic variables, were also 

included in these models to account for their potential impact.   

The number of endorsed traumatic stress symptoms for each of the symptom categories, 

and the demographic variables of gender, age, ethnicity, income, and blood glucose control were 

entered together to predict performance on each neuropsychological variable listed above. The 

number of traumatic stress symptoms endorsed predicted WASI-II Full-Scale IQ performance, 

F(8, 94) = 4.64, p < 0.001, R2 = 0.22, with Arousal Symptoms (β = -0.46, p = 0.002) and 

Ethnicity (β = -0.32, p = 0.002) each contributing unique variance (refer to Table 33). Number of 

endorsed symptoms predicted WASI-II Verbal Comprehension, F(8, 94) = 2.88, p = 0.006, R2 = 

0.13, with Ethnicity (β = -0.27, p = 0.012) contributing unique variance (refer to Table 34). The 

number of traumatic stress symptoms and demographic variables predicted WASI-II Perceptual 

Reasoning performance, F(8, 94) = 3.79, p = 0.001, R2 = 0.18, with Arousal Symptoms (β = -

0.48, p = 0.001) and Ethnicity (β = -0.27, p = 0.012) each contributing unique variance (refer to 

Table 35).  WASI-II Block Design performance was predicted by number of traumatic stress 

symptoms endorsed and demographic variables, F(8, 94) = 3.61, p = 0.001, R2 = 0.17, with 

Arousal Symptoms (β = -0.42, p = 0.006) and Ethnicity (β = -.021, p = 0.050) each contributing 

unique variance (refer to Table 36).  Performance on the WASI-II Vocabulary assessment was 

predicted by the number of endorsed traumatic stress symptoms, F(8, 94) = 3.70, p = 0.001, R2 = 

0.18, with Arousal Symptoms (β = -0.33, p = 0.029) and Ethnicity (β = -0.28, p = 0.009) each  
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Table 32 
    

     Correlations Between Number of Adolescent Self-Reported Trauma Symptoms and 
Neurocognitive Assessment Performance 

Composite/Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Full-Scale IQ -.22* -0.18 -.36*** -.28** 
Verbal Comprehension -0.13 -0.15 -.23* -0.19 
Perceptual Reasoning -.25** -0.19 -.38*** -.30** 
Block Design -.33*** -.23* -.40*** -.36*** 
Vocabulary -0.10 -0.17 -.26** -.20* 
Matrix Reasoning -0.12 -0.07 -.28** -0.17 
Similarities -0.11 -0.10 -0.14 -0.13 
Identification -0.14 -0.17 -.29** -.22* 
Detection -.24* -.24* -.30** -.29** 
Groton Maze -0.19 -.27** -.22* -.26** 
Learning -0.08 -0.14 -0.17 -0.15 
One Card Back -0.02 -0.09 -0.12 -0.09 
Letter Fluency 0.00 -0.06 -0.12 -0.07 
Category Fluency 0.07 0.02 -0.08 0.00 
Category Switching 0.11 0.06 0.05 0.08 
* Correlation is significant at the 0.05 level 

  ** Correlation is significant at the 0.01 level 
  ** Correlation is significant at the 0.001 level 
   

Table 33 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Full Scale IQ 
Variable B SE B β t p 
Intrusion Symptoms -0.56 1.22 -0.07 -0.46 .646 
Avoidance/Numbing Symptoms 1.29 0.99 0.19 1.31 .195 
Arousal Symptoms -3.53 1.10 -0.46 -3.21 .002 
Gender -1.88 2.49 -0.07 -0.75 .452 
Age -0.77 0.59 -0.12 -1.31 .193 
Ethnicity -8.58 2.71 -0.32 -3.17 .002 
Household Income 0.00 0.00 0.11 1.02 .311 
HbA1c 0.77 0.67 0.11 1.14 .257 
Adjusted R2 

 
0.22    

F   4.64*       
* p < .001 
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Table 34 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Verbal Comprehension 
Variable B SE B β t p 
Intrusion Symptoms -0.29 1.25 -0.03 -0.23 .819 
Avoidance/Numbing Symptoms 0.23 1.01 0.03 0.22 .824 
Arousal Symptoms -1.73 1.13 -0.23 -1.53 .128 
Gender -3.27 2.55 -0.13 -1.28 .203 
Age -0.69 0.61 -0.11 -1.13 .260 
Ethnicity -7.10 2.78 -0.27 -2.55 .012 
Household Income 0.00 0.00 0.13 1.11 .269 
HbA1c -0.07 0.69 -0.01 -0.11 .915 
Adjusted R2 

 
0.13    

F   2.88*       
* p = .006 

      
 
Table 35 

     
      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Perceptual Reasoning 
Variable B SE B β t p 
Intrusion Symptoms -0.55 1.39 -0.06 -0.39 .695 
Avoidance/Numbing Symptoms 1.45 1.13 0.19 1.28 .202 
Arousal Symptoms -4.13 1.26 -0.48 -3.27 .001 
Gender 0.37 2.85 0.01 0.13 .898 
Age -0.81 0.67 -0.11 -1.20 .235 
Ethnicity -7.93 3.10 -0.27 -2.55 .012 
Household Income 0.00 0.00 0.05 0.46 .646 
HbA1c 1.11 0.77 0.14 1.43 .155 
Adjusted R2 

 
0.18    

F   3.79*       
* p = .001 
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Table 36 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Block Design Performance 
Variable B SE B β t p 
Intrusion Symptoms -1.08 0.99 -0.16 -1.10 .275 
Avoidance/Numbing Symptoms 0.81 0.80 0.15 1.01 .317 
Arousal Symptoms -2.52 0.89 -0.42 -2.82 .006 
Gender 0.05 2.02 0.00 0.03 .980 
Age -0.67 0.48 -0.13 -1.39 .167 
Ethnicity -4.36 2.20 -0.21 -1.98 .050 
Household Income 0.00 0.00 0.01 0.07 .948 
HbA1c 0.78 0.55 0.14 1.42 .160 
Adjusted R2 

 
0.17    

F   3.61*       
* p = .001 

      

contributing unique variance to the model (refer to Table 37). Number of traumatic stress 

symptoms predicted WASI-II Matrix Reasoning performance, F(8, 94) = 3.08, p = 0.004, R2 = 

0.14, with Arousal Symptoms (β = -0.51, p = 0.001) and Ethnicity (β = -0.27, p = 0.013) each 

contributing unique variance to the model (refer to Table 38).  Cogstate Identification 

performance was predicted by number of traumatic stress symptoms endorsed, R2 = 0.15, F(8, 

91) = 3.11, p = 0.04, with Arousal Symptoms (p = 0.005, β = -0.43), Age (p = 0.025, β = 0.22), 

and Income (p = 0.041, β = 0.24) contributing unique variance (refer to Table 39).  The number 

of traumatic stress symptoms endorsed predicted Cogstate Detection performance, R2 = 0.17, 

F(8, 92) = 3.64, p = 0.001, with only Age (p = 0.014, β = 0.24) contributing significant, unique 

variance (refer to Table 40). Finally, the number of traumatic stress symptoms endorsed 

predicted Cogstate Groton Maze performance, R2 = 0.08, F(8, 93) = 2.07, p = 0.047, with 

Avoidance Symptoms (p = 0.049, β = -0.31) and Age (p = 0.042, β = -0.21) contributing unique 

variance (refer to Table 41).  
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Table 37 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Vocabulary Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.62 0.89 0.10 0.70 .484 
Avoidance/Numbing Symptoms 0.15 0.72 0.03 0.21 .832 
Arousal Symptoms -1.78 0.80 -0.33 -2.22 .029 
Gender -0.86 1.81 -0.05 -0.48 .636 
Age -0.22 0.43 -0.05 -0.52 .603 
Ethnicity -5.30 1.97 -0.28 -2.68 .009 
Household Income 0.00 0.00 0.17 1.50 .138 
HbA1c -0.16 0.49 -0.03 -0.32 .749 
Adjusted R2 

 
0.18    

F   3.70*       
* p = .001 

      

Table 38 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Matrix Reasoning Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.26 0.88 0.04 0.29 .769 
Avoidance/Numbing Symptoms 1.34 0.72 0.28 1.88 .064 
Arousal Symptoms -2.70 0.80 -0.51 -3.39 .001 
Gender 0.21 1.80 0.01 0.12 .908 
Age -0.32 0.43 -0.07 -0.74 .459 
Ethnicity -4.97 1.97 -0.27 -2.53 .013 
Household Income 0.00 0.00 0.08 0.72 .473 
HbA1c 0.62 0.49 0.13 1.27 .208 
Adjusted R2 

 
0.14    

F   3.08*       
* p = .004 
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Table 39 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Identification Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.30 1.78 0.03 0.17 .868 
Avoidance/Numbing Symptoms 2.24 1.44 0.23 1.55 .124 
Arousal Symptoms -4.60 1.61 -0.43 -2.86 .005 
Gender 0.27 3.66 0.01 0.07 .942 
Age 2.00 0.88 0.22 2.28 .025 
Ethnicity -4.21 3.95 -0.11 -1.07 .290 
Household Income 0.00 0.00 0.24 2.07 .041 
HbA1c 0.53 0.98 0.05 0.54 .594 
Adjusted R2 

 
0.15    

F   3.11*       
* p = .004 

      

Table 40 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Detection Performance 
Variable B SE B β t p 
Intrusion Symptoms -1.94 1.67 -0.17 -1.16 .249 
Avoidance/Numbing Symptoms 1.53 1.36 0.17 1.13 .262 
Arousal Symptoms -2.81 1.52 -0.28 -1.85 .067 
Gender -3.47 3.42 -0.10 -1.02 .312 
Age 2.08 0.83 0.24 2.51 .014 
Ethnicity -6.10 3.71 -0.17 -1.64 .104 
Household Income 0.00 0.00 0.20 1.83 .071 
HbA1c 0.88 0.92 0.09 0.95 .345 
Adjusted R2 

 
0.17    

F   3.64*       
* p = .001 
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Table 41 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Groton Maze Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.15 1.82 -0.01 -0.08 .934 
Avoidance/Numbing Symptoms -2.94 1.47 -0.31 -2.00 .049 
Arousal Symptoms -0.69 1.64 -0.07 -0.42 .674 
Gender -5.75 3.71 -0.16 -1.55 .124 
Age -1.84 0.89 -0.21 -2.07 .042 
Ethnicity -5.59 4.03 -0.15 -1.39 .169 
Household Income 0.00 0.00 -0.05 -0.39 .699 
HbA1c 0.96 1.01 0.10 0.95 .344 
Adjusted R2 

 
0.08    

F   2.07*       
* p = .047 

      

PTSD consistent symptoms. A secondary analysis compared three groups of participants: 

those who experienced trauma and self-reported symptoms consistent with PTSD, those who 

experienced trauma and did not report symptoms consistent with PTSD, and those who did not 

experience trauma on measures of neuropsychological performance. Analysis with ANOVA 

compared the aforementioned groups by neuropsychological performance variables (see Table 

42). Results of the ANOVA indicated that those who self-reported PTSD consistent symptoms 

performed lower than those who did not report PTSD consistent symptoms on WASI-II 

Perceptual Reasoning, F(2, 100)= 5.65, p = 0.005, Full Scale IQ, F(2, 100)= 5.02, p = 0.008, and 

WASI-II Block Design, F(2, 100)= 6.31, p = 0.003. When covariates were considered, the 

variables remained significant (refer to Tables 43 through 45). Post-hoc analyses revealed that 

individuals who self-reported symptoms consistent with PTSD (M = 94.15, SD = 2.61) scored 

significant lower on WASI-II Perceptual Reasoning, F(2, 95)= 3.56, p = 0.002), than those who 

did not report experiencing any trauma (M = 104.96, SD = 2.77). Individuals who self-reported 

symptoms consistent with PTSD scored significantly lower on  
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Table 42 
   

    Analysis of Variance for Neuropsychological Variables by Self-Reported Symptoms Consistent 
with PTSD 
Composite/Subtest df F p 
Verbal Comprehension 2, 100 2.02 .138 
Perceptual Reasoning* 2, 100 5.62 .005 
Full-Scale IQ* 2, 100 5.02 .008 
Block Design* 2, 100 6.31 .003 
Vocabulary 2, 100 1.86 .160 
Matrix Reasoning 2, 100 2.87 .061 
Similarities 2, 100 1.32 .272 
Identification 2, 97 0.90 .408 
Detection 2, 98 2.12 .125 
Groton Maze 2, 99 1.59 .209 
Learning 2, 99 1.16 .317 
One Card Back 2, 99 0.18 .834 
Letter Fluency 2, 100 0.93 .400 
Category Fluency 2, 100 2.16 .121 
Category Switching 2, 100 0.44 .647 
Note. Participants who self-reported symptoms consistent with PTSD (n=32). Participants who 
did not self-report symptoms consistent with PTSD (n=71). 
* Indicates a statistically significant variable 

   

Table 43 
    

     
Analysis of Co-Variance for Perceptual Reasoning by Self-Reported Symptoms Consistent with 
PTSD 
Source df F p η2 
Corrected Model 7 3.56 .002 0.21 
Intercept 1 1070.51 .000 0.92 
Gender 1 0.11 .736 0.00 
Preadolescent or Adolescent 1 1.10 .298 0.01 
Ethnicity 1 4.86 .030 0.05 
Above or Below Average Income 1 2.54 .114 0.03 
Good Verses Poor Blood Glucose Control 1 3.12 .080 0.03 
Adolescent with PTSD, Trauma Exposed, Not 
Exposed 2 4.10 .020 0.08 

Error 95    
Total 103    
Corrected Total 102       
Note. Participants who self-reported symptoms consistent with PTSD (n=32). Participants who 
did not self-report symptoms consistent with PTSD (n=71). 
* R Squared = .208 (Adjusted R Squared = .150) 
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Table 44 
    

     
Analysis of Co-Variance for Full Scale IQ by Self-Reported Symptoms Consistent with PTSD 
Source df F p η2 
Corrected Model 7 5.51 .000 0.29 
Intercept 1 1579.47 .000 0.94 
Gender 1 2.17 .144 0.02 
Preadolescent or Adolescent 1 0.53 .469 0.01 
Ethnicity 1 7.83 .006 0.08 
Above or Below Average Income 1 8.70 .004 0.08 
Good Verses Poor Blood Glucose Control 1 2.90 .092 0.30 
Parent-Reported Medical Trauma Exposure 2 4.60 .012 0.09 
Adolescent with PTSD, Trauma Exposed, Not Exposed 95    
Total 103    
Corrected Total 102       
Note. Participants who self-reported symptoms consistent with PTSD (n=32). Participants who 
did not self-report symptoms consistent with PTSD (n=71). 
* R Squared = .289 (Adjusted R Squared = .236) 
 
 
Table 45 

    
     
Analysis of Co-Variance for Block Design by Self-Reported Symptoms Consistent with PTSD 
Source df F p η2 
Corrected Model 7 3.31 .003 0.20 
Intercept 1 523.97 .000 0.85 
Gender 1 0.04 .833 0.00 
Preadolescent or Adolescent 1 1.12 .292 0.01 
Ethnicity 1 1.76 .187 0.02 
Above or Below Average Income 1 2.79 .098 0.03 
Good Verses Poor Blood Glucose Control 1 4.25 .042 0.04 
Parent-Reported Medical Trauma Exposure 2 4.52 .013 0.09 
Adolescent with PTSD, Trauma Exposed, Not Exposed 95    
Total 103    
Corrected Total 102       
Note. Participants who self-reported symptoms consistent with PTSD (n=32). Participants who 
did not self-report symptoms consistent with PTSD (n=71). 
* R Squared = .196 (Adjusted R Squared = .137) 
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measures of Full Scale IQ, F(2, 95)= 5.51, p < 0.001, M = 94.15, SD = 11.11, and WASI-II 

Block Design, F(2, 95)=3.31, p = 0.003, M = 44.19, SD = 9.99, than both those who experienced 

trauma but did not report symptoms consistent with PTSD (M = 102.40, SD = 13.15; M = 50.91, 

SD = 9.73) and those who did not report experiencing any trauma (M = 103.93, SD = 14.29; M =  

52.73, SD = 10.46; refer to Table 46). The PTSD symptoms consistent and those who 

experienced trauma put did not have PTSD positive symptoms did not differ significantly from 

one another. 

Parent-reported trauma symptom scores. As shown on Table 47, correlational 

analyses found a significant correlation between trauma symptom severity and six of the 

neuropsychological performance variables: WASI-II Full-Scale IQ, WASI-II Verbal 

Comprehension, WASI-II Perceptual Reasoning, WASI-II Block Design, WASI-II Vocabulary, 

and CogState Detection. The three symptom category scores were run in a series of multiple 

regressions with neuropsychological variables that were shown to have significant correlations. 

Demographic variables were also included in these models to account for their potential impact.  

The trauma symptom scores for each of the symptom categories and the demographic 

variables of gender, age, ethnicity, income, and blood glucose control, were entered together to 

predict each neuropsychological variable listed above. Together these variables predicted 

performance in six neuropsychological variables. Parent-reported trauma symptom scores 

predicted WASI-II Full-Scale IQ performance, F(8, 94) = 2.55, p = 0.015, R2 = 0.11, with only 

Ethnicity (β = -0.32, p = 0.005) contributing unique variance (refer to Table 48). Parent-reported 

of trauma symptom scores predicted WASI-II Verbal Comprehension, F(8, 94) = 2.66, p = 

0.011, R2 = 0.12, with Ethnicity (β = -0.27, p = 0.013), contributing unique variance (refer to 

Table 49). The regression model (refer to Table 50) for WASI-II Perceptual Reasoning,  
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Table 46 
       

        Post Hoc Results of ANCOVA for Significant Neuropsychological Variables by Self-Reported Symptoms 
Consistent with PTSD 

Composite/Subtest  
PTSD 

Positive 

Traumatized, 
PTSD 

Negative 
Non-

Traumatized F p η2 Bonferroni 
Perceptual Reasoning 94.15 (2.61) 101.81 (2.10) 104.96 (2.77) 3.56 0.002 0.21 1 < 3 
Full Scale IQ 94.41 (11.11) 102.40 (13.15) 103.96 (14.29) 5.51 <0.001 0.29 1 < 2,3 
Block Design 44.19 (9.99) 50.91 (9.73) 52.73 (10.46) 3.31 0.003 0.20 1 < 2,3 
Note. Participants who self-reported symptoms consistent with PTSD (n=32). Participants who did not 
self-report symptoms consistent with PTSD (n=71). 
 

Table 47 
         Correlations Between Adolescent Parent-Reported Trauma Symptom Total Score and 

Neurocognitive Assessment Performance 

Composite/Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Full-Scale IQ -.21* -0.17 -.20* -.21* 
Verbal 
Comprehension -0.18 -0.18 -.23* -.21* 
Perceptual 
Reasoning -.20* -0.12 -0.15 -0.16 
Block Design -.21* -0.14 -0.17 -0.18 
Vocabulary -0.19 -0.17 -.24* -.22* 
Matrix Reasoning -0.13 -0.07 -0.08 -0.10 
Similarities -0.12 -0.15 -0.15 -0.16 
Identification -0.04 -0.03 -0.13 -0.07 
Detection -0.15 -0.15 -.20* -0.18 
Groton Maze -0.11 -0.14 -0.06 -0.12 
Learning -0.11 -0.15 -0.16 -0.16 
One Card Back -0.05 -0.08 -0.06 -0.07 
Letter Fluency 0.10 0.00 0.02 0.04 
Category Fluency -0.05 -0.03 0.01 -0.03 
Category 
Switching -0.13 -0.08 -0.10 -0.11 
* Correlation is significant at the 0.05 level 
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Table 48 
     

      Summary of Regression Analysis for Adolescent Parent-Reported Trauma Symptom Total Score 
Variables Predicting Full Scale IQ 
Variable B SE B β t p 
Intrusion Symptoms -0.69 0.89 -0.12 -0.77 .441 
Avoidance/Numbing Symptoms 0.04 0.56 0.01 0.07 .947 
Arousal Symptoms -0.51 0.86 -0.10 -0.60 .551 
Gender 0.08 2.54 0.00 0.03 .976 
Age -0.76 0.60 -0.12 -1.26 .212 
Ethnicity -8.42 2.89 -0.32 -2.91 .005 
Household Income 0.00 0.00 0.06 0.56 .578 
HbA1c 0.10 0.70 0.02 0.15 .885 
Adjusted R2 

 
0.11    

F   2.55*       
* p = .015 

      

Table 49 
     

      Summary of Regression Analysis for Adolescent Parent-Reported Trauma Symptom Total Score 
Variables Predicting Verbal Comprehension 
Variable B SE B β t p 
Intrusion Symptoms -0.05 0.86 -0.01 -0.05 .958 
Avoidance/Numbing Symptoms -0.11 0.54 -0.03 -0.21 .833 
Arousal Symptoms -0.80 0.83 -0.16 -0.97 .337 
Gender -1.89 2.45 -0.07 -0.77 .444 
Age -0.62 0.58 -0.10 -1.07 .288 
Ethnicity -7.10 2.80 -0.27 -2.54 .013 
Household Income 0.00 0.00 0.09 0.83 .407 
HbA1c -0.43 0.68 -0.06 -0.64 .527 
Adjusted R2 

 
0.12    

F   2.66*       
* p = .011 
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Table 50 
     

      Summary of Regression Analysis for Adolescent Parent-Reported Trauma Symptom Total Score 
Variables Predicting Perceptual Reasoning 
Variable B SE B β t p 
Intrusion Symptoms -1.34 1.02 -0.21 -1.31 .193 
Avoidance/Numbing Symptoms 0.30 0.64 0.08 0.46 .645 
Arousal Symptoms -0.23 0.99 -0.04 -0.23 .815 
Gender 2.53 2.92 0.09 0.87 .388 
Age -0.75 0.69 -0.11 -1.08 .281 
Ethnicity -7.62 3.33 -0.26 -2.29 .024 
Household Income 0.00 0.00 0.02 0.16 .875 
HbA1c 0.38 0.81 0.05 0.47 .637 
Adjusted R2 

 
0.05    

F   1.68*       
* p = .112 

      
R2 = 0.05, F(8, 94) = 1.68, p = 0.112, was not significant. WASI-II Block Design performance 

was not predicted by parent-reported adolescent traumatic stress symptoms, F(8, 94) = 1.32, p = 

0.243, R2 = 0.03, with no individual variables contributing significant, unique variance (refer to 

Table 51).  Traumatic stress symptoms scores and demographic variables predicted WASI-II 

Vocabulary performance, F(8, 94) = 3.39, p = 0.002, R2 = 0.16, with Ethnicity (β = -0.29, p = 

0.008) contributing unique variance (refer to Table 52). Finally, parent-reported adolescent 

trauma symptom scores predicted Cogstate Detection performance, F(8, 92) = 2.50, p = 0.017, 

R2 = 0.11, with only Age (β = 0.25, p = 0.011) contributing significant, unique variance (refer to 

Table 53).  

Number of parent-reported traumatic stress symptoms endorsed. Analysis found 

significant correlations between the number of endorsed traumatic stress symptoms and seven of 

the neuropsychological performance variables: WASI-II Full-Scale IQ, WASI-II Verbal 

Comprehension, WASI-II Perceptual Reasoning, WASI-II Block Design, WASI-II Vocabulary, 

WASI-II Similarities, and Cogstate Detection (see Table 54). The three trauma symptom 

category scores (intrusion, avoidance, and arousal) were run in multiple regressions with  
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Table 51 
     

      Summary of Regression Analysis for Adolescent Parent-Reported Trauma Symptom Total Score 
Variables Predicting Block Design Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.92 0.73 -0.21 -1.27 .209 
Avoidance/Numbing Symptoms 0.23 0.46 0.08 0.49 .623 
Arousal Symptoms -0.32 0.70 -0.08 -0.45 .651 
Gender 2.19 2.09 0.10 1.05 .297 
Age -0.56 0.50 -0.11 -1.13 .260 
Ethnicity -3.98 2.38 -0.19 -1.67 .098 
Household Income 0.00 0.00 -0.02 -0.19 .854 
HbA1c 0.26 0.58 0.05 0.46 .649 
Adjusted R2 

 
0.03    

F   1.32*       
* p = .243 

      

Table 52 
     

      Summary of Regression Analysis for Adolescent Parent-Reported Trauma Symptom Total Score 
Variables Predicting Vocabulary Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.07 0.61 -0.02 -0.12 .908 
Avoidance/Numbing Symptoms 0.12 0.38 0.05 0.31 .761 
Arousal Symptoms -0.81 0.59 -0.23 -1.37 .175 
Gender -0.17 1.74 -0.01 -0.10 .923 
Age -0.21 0.42 -0.05 -0.50 .620 
Ethnicity -5.43 1.99 -0.29 -2.73 .008 
Household Income 0.00 0.00 0.14 1.26 .209 
HbA1c -0.40 0.48 -0.08 -0.82 .412 
Adjusted R2 

 
0.16    

F   3.39*       
* p = .002 
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Table 53 
     

      Summary of Regression Analysis for Adolescent Parent-Reported Trauma Symptom Total Score 
Variables Predicting Detection Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.09 1.19 -0.01 -0.08 .940 
Avoidance/Numbing Symptoms 0.14 0.74 0.03 0.19 .850 
Arousal Symptoms -1.16 1.14 -0.18 -1.01 .314 
Gender -0.86 3.40 -0.02 -0.25 .801 
Age 2.12 0.82 0.25 2.59 .011 
Ethnicity -5.57 3.85 -0.16 -1.45 .151 
Household Income 0.00 0.00 0.16 1.39 .167 
HbA1c 0.21 0.94 0.02 0.22 .827 
Adjusted R2 

 
0.11    

F   2.50*       
* p = .017 

      

Table 54 
    

     Correlations Between Number of Adolescent Parent-Reported Trauma Symptoms and 
Neurocognitive Assessment Performance 

Composite/Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Full-Scale IQ -0.24* -0.19 -0.16 -0.21* 
Verbal Comprehension -0.19 -0.20* -0.18 -0.21* 
Perceptual Reasoning -0.22* -0.13 -0.12 -0.17 
Block Design -0.22* -0.14 -0.15 -0.18 
Vocabulary -0.21* -0.15 -0.18 -0.19 
Matrix Reasoning -0.17 -0.09 -0.04 -0.10 
Similarities -0.12 -0.20* -0.14 -0.17 
Identification -0.07 -0.06 -0.15 -0.10 
Detection -0.20* -0.22* -0.20* -0.23* 
Groton Maze -0.06 -0.16 -0.06 -0.11 
Learning -0.16 -0.19 -0.10 -0.17 
One Card Back -0.09 -0.09 -0.06 -0.09 
Letter Fluency 0.10 -0.01 0.05 0.04 
Category Fluency -0.10 -0.01 0.03 -0.02 
Category Switching -0.10 -0.11 -0.07 -0.11 
* Correlation is significant at the 0.05 level 
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neuropsychological variables that were shown to have significant correlations. Demographic 

variables, were also included in these models to account for their potential impact. 

The trauma symptom scores for each of the symptom categories and the demographic variables 

of gender, age, ethnicity, income, and blood glucose control, were entered together to predict 

each neuropsychological variable listed above. Together these variables predicted performance 

in four neuropsychological variables. The number of traumatic stress symptoms endorsed by the 

parents of the participants as well as demographic variables predicted WASI-II Full-Scale IQ 

performance, F(8, 94) = 2.74, p = 0.009 , R2 = 0.12, with only Ethnicity (β = -0.32, p = 0.004) 

contributing unique variance (refer to Table 55). Number of endorsed symptoms and 

demographic variables predicted WASI-II Verbal Comprehension, F(8, 94) = 2.60, p = 0.013, R2 

= 0.11, with Ethnicity (β = -0.27, p = 0.014) contributing unique variance (refer to Table 56). 

They regression model for WASI-II Perceptual Reasoning performance, F(8, 94) = 1.81, p = 

0.085, R2 = 0.06, was not significant (refer to Table 57). Performance on WASI-II Vocabulary 

was predicted by the number of endorsed traumatic stress symptoms and demographic variables, 

F(8, 94) = 3.14, p = 0.003, R2 = 0.14, with Ethnicity (β = -0.28, p = 0.009) contributing unique 

variance (refer to Table 58). The regression model for WASI-II Similarities performance, F(8, 

94) = 1.70, p = 0.109, R2 = 0.05, was not significant (refer to Table 59). The number of traumatic 

stress symptoms endorsed by the parents of participants as well as demographic variables 

predicted Cogstate Detection performance, F(8, 92) = 2.59, p = 0.014, R2 = 0.11, with only Age 

(β = 0.24, p = 0.014) contributing significant, unique variance (refer to Table 60). The regression 

model for WASI-II Block Design, F(8, 94) = 1.28, p = 0.262, R2 = 0.02, was not significant 

(refer to Table 61).    
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Table 55 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Full Scale IQ 
Variable B SE B β t p 
Intrusion Symptoms -2.18 1.48 -0.22 -1.48 .144 
Avoidance/Numbing Symptoms -0.64 1.04 -0.10 -0.61 .541 
Arousal Symptoms 0.75 1.21 0.10 0.62 .536 
Gender -0.63 2.54 -0.02 -0.25 .804 
Age -0.82 0.60 -0.13 -1.37 .175 
Ethnicity -8.40 2.87 -0.32 -2.93 .004 
Household Income 0.00 0.00 0.06 0.54 .592 
HbA1c 0.10 0.69 0.01 0.14 .887 
Adjusted R2  0.12    
F   2.74*       
* p = .009 

      

Table 56 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Verbal Comprehension 
Variable B SE B β t p 
Intrusion Symptoms -0.82 1.44 -0.09 -0.57 .570 
Avoidance/Numbing Symptoms -0.81 1.02 -0.12 -0.79 .430 
Arousal Symptoms 0.07 1.18 0.01 0.06 .954 
Gender -2.31 2.48 -0.09 -0.93 .354 
Age -0.66 0.59 -0.11 -1.12 .265 
Ethnicity -7.02 2.80 -0.27 -2.51 .014 
Household Income 0.00 0.00 0.10 0.89 .377 
HbA1c -0.41 0.68 -0.06 -0.61 .541 
Adjusted R2  0.11    
F   2.60*       
* p = .013 
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Table 57 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Perceptual Reasoning 
Variable B SE B β t p 
Intrusion Symptoms -2.99 1.71 -0.27 -1.76 .083 
Avoidance/Numbing Symptoms -0.02 1.20 0.00 -0.01 .989 
Arousal Symptoms 0.78 1.39 0.09 0.56 .576 
Gender 1.74 2.93 0.06 0.60 .554 
Age -0.83 0.69 -0.12 -1.19 .235 
Ethnicity -7.63 3.31 -0.26 -2.31 .023 
Household Income 0.00 0.00 0.01 0.08 .934 
HbA1c 0.35 0.80 0.04 0.43 .667 
Adjusted R2  0.06    
F   1.81*       
* p = .085 

      

Table 58 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Vocabulary Performance 
Variable B SE B β t p 
Intrusion Symptoms -1.11 1.03 -0.16 -1.07 .286 
Avoidance/Numbing Symptoms 0.15 0.73 0.03 0.21 .837 
Arousal Symptoms -0.23 0.84 -0.04 -0.28 .784 
Gender -0.63 1.77 -0.03 -0.35 .725 
Age -0.20 0.42 -0.05 -0.48 .632 
Ethnicity -5.33 2.00 -0.28 -2.66 .009 
Household Income 0.00 0.00 0.15 1.34 .184 
HbA1c -0.40 0.48 -0.08 -0.83 .409 
Adjusted R2  0.14    
F   3.14*       
* p = .003 
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Table 59 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Similarities Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.22 0.99 0.04 0.22 .824 
Avoidance/Numbing Symptoms -1.14 0.70 -0.27 -1.64 .104 
Arousal Symptoms 0.25 0.81 0.05 0.31 .761 
Gender -2.54 1.70 -0.15 -1.50 .138 
Age -0.53 0.40 -0.13 -1.33 .187 
Ethnicity -3.05 1.92 -0.18 -1.59 .116 
Household Income 0.00 0.00 0.07 0.60 .551 
HbA1c -0.04 0.46 -0.01 -0.08 .938 
Adjusted R2  0.05    
F   1.70*       
* p = .109 

      

Table 60 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Detection Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.60 2.00 -0.05 -0.30 .765 
Avoidance/Numbing Symptoms -0.90 1.39 -0.10 -0.65 .517 
Arousal Symptoms -0.44 1.63 -0.04 -0.27 .787 
Gender -1.31 3.41 -0.04 -0.38 .702 
Age 2.06 0.82 0.24 2.51 .014 
Ethnicity -5.61 3.83 -0.16 -1.46 .147 
Household Income 0.00 0.00 0.16 1.38 .171 
HbA1c 0.19 0.93 0.02 0.20 .841 
Adjusted R2  0.11    
F   2.59*       
* p = .014 
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Table 61 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Block Design Performance 
Variable B SE B β t p 
Intrusion Symptoms -1.72 1.23 -0.22 -1.41 .163 
Avoidance/Numbing Symptoms 0.10 0.86 0.02 0.12 .905 
Arousal Symptoms -0.02 1.00 0.00 -0.02 .985 
Gender 1.74 2.10 0.08 0.83 .411 
Age -0.61 0.50 -0.12 -1.23 .223 
Ethnicity -3.94 2.38 -0.19 -1.66 .101 
Household Income 0.00 0.00 -0.03 -0.23 .817 
HbA1c 0.24 0.57 0.04 0.41 .682 
Adjusted R2  0.02    
F   1.28*       
* p = .262 

      

PTSD consistent symptoms. A secondary analysis compared three groups of participants: 

those who experienced trauma and parent-reported symptoms consistent with PTSD, to those 

who experienced trauma and whose parents did not report symptoms consistent with PTSD, and 

those who did not experience trauma. Analysis with ANOVA compared the aforementioned 

groups by neuropsychological performance variables (see Table 62). Results indicated that 

parent-reported, PTSD consistent symptoms was a significant predictor of WASI-II Block 

Design (p = 0.045). When covariates were considered, parent-reported   PTSD consistent 

symptoms remained significant (F(2, 95)= 3.21, p = 0.45 (refer to Tables 63). Further group 

comparisons were done with post-hoc analysis (refer to Table 64); for WASI-II Block Design 

(F(2, 95)= 2.88, p = 0.009), individuals who experienced trauma but did not have parent-reported 

symptoms consistent with PTSD (M = 47.94, SD = 1.34) scored significantly lower than those 

who did not report experiencing any trauma (M = 54.10, SD = 2.14). 
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Table 62 
   

    Analysis of Variance for Neuropsychological Variables by Parent-Reported Symptoms 
Consistent with PTSD 
Composite/Subtest df F p 
Verbal Comprehension 2, 100 0.75 .476 
Perceptual Reasoning 2, 100 1.38 .257 
Full-Scale IQ 2, 100 0.86 .425 
Block Design* 2, 100 3.19 .045 
Vocabulary 2, 100 0.32 .728 
Matrix Reasoning 2, 100 0.76 .472 
Similarities 2, 100 0.78 .460 
Identification 2, 97 1.30 .277 
Detection 2, 98 1.36 .261 
Groton Maze 2, 99 2.12 .126 
Learning 2, 99 0.87 .422 
One Card Back 2, 99 1.73 .183 
Letter Fluency 2, 100 0.66 .517 
Category Fluency 2, 100 0.06 .944 
Category Switching 2, 100 0.47 .626 
Note. Participants who had parent-reported symptoms consistent with PTSD (n=26). Participants who did not have 
parent-report symptoms consistent with PTSD (n=77). 
* Indicates a statistically significant variable 

   

Table 63 
    

   
 

 
Analysis of Co-Variance for Block Design by Parent-Reported Symptoms Consistent with PTSD 
Source df F p η2 
Corrected Model 7 2.88 .009 0.18 
Intercept 1 500.69 .000 0.84 
Gender 1 0.42 .519 0.00 
Preadolescent or Adolescent 1 1.00 .320 0.01 
Ethnicity 1 2.67 .105 0.03 
Above or Below Average Income 1 3.45 .066 0.04 
Good Verses Poor Blood Glucose Control 1 4.75 .032 0.05 
Adolescent with PTSD, Trauma Exposed, Not Exposed 2 3.21 .045 0.06 
Error 95   

 
Total 103   

 
Corrected Total 102       
Note. Participants who had parent-reported symptoms consistent with PTSD (n=26). Participants who did not have 
parent-report symptoms consistent with PTSD (n=77). 
* R Squared = .175 (Adjusted R Squared = .114)   
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Table 64 
       

        Post Hoc Results of ANCOVA for Significant Neuropsychological Variables by Parent-
Reported Symptoms Consistent with PTSD 

Subtest  
PTSD 

Positive 
Traumatized, 

PTSD Negative 
Non-

Traumatized F p η2 Bonferroni 
Block Design 48.04(2.00) 47.94(1.34) 54.10(2.14) 2.88 0.009 0.18 2 < 3 
Note. Participants who had parent-reported symptoms consistent with PTSD (n=26). 
Participants who did not have parent-report symptoms consistent with PTSD (n=77). 

 

Research Question 4, Hypothesis A: Adolescents with greater self- and parent-reported 

traumatic stress symptom total scores (i.e., more frequent occurrences of 

neuropsychological traumatic stress symptoms) will perform significantly worse on tests of 

academic achievement than those with lower traumatic stress symptom total scores. 

Hypothesis B: Number of self- and parent-reported traumatic stress symptom will be 

associated with lower scores on tests of academic achievement. 

Adolescent self-reported trauma symptom scores. When examining the correlations 

between the three adolescent self-reported trauma symptom category scores (intrusion, 

avoidance, and arousal) as well as total symptoms scores, as measured by the CTRI-PTSD, with 

academic achievement performance variables (see Table 65), analyses found significant relations 

between trauma total symptom scores and only one variable: WJ-III-NU Math Calculations. 

When predictor variables are included, trauma symptom scores predicted WJ-III-NU Math 

Calculation performance, F(8, 94) = 3.24, p = 0.003, R2 = 0.15, with Arousal Symptoms (β = -

0.46, p = 0.015) and Income (β = 0.26, p = 0.023) each contributing unique variance (refer to 

Table 66).  

 

Table 65 
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     Correlations between Adolescent Self-Reported Trauma Symptom Total Score and 
Academic Achievement 

Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Letter-Word Recognition 0.09 0.10 -0.04 0.05 
Reading Fluency 0.09 0.07 -0.02 0.05 
Math Calculation -0.11 -0.15 -0.23* -0.17 
Math Fluency 0.03 -0.01 -0.08 -0.02 
Spelling 0.06 0.08 -0.09 0.02 
Writing Fluency 0.01 -0.01 -0.18 -0.06 
Reading Comprehension -0.11 -0.12 -0.19 -0.15 
* Correlation is significant at the 0.05 level 

   
Table 66 

     
      Summary of Regression Analysis for Adolescent Self-Reported Trauma Symptom Total Score 
Variables Predicting Math Calculation Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.23 1.05 0.04 0.22 .828 
Avoidance/Numbing Symptoms 0.76 0.82 0.19 0.92 .359 
Arousal Symptoms -2.36 0.95 -0.46 -2.49 .015 
Gender -3.98 3.52 -0.11 -1.13 .261 
Age -1.35 0.81 -0.16 -1.68 .097 
Ethnicity -5.59 3.82 -0.16 -1.46 .147 
Household Income 0.00 0.00 0.26 2.32 .023 
HbA1c 0.66 0.94 0.07 0.70 .485 
Adjusted R2 

 
0.15    

F   3.24*       
* p = .003 

      

Number of adolescent self-reported traumatic stress symptoms endorsed. We 

conducted analyses to compare academic achievement variables with the number of traumatic 

stress symptoms reported by the participants. Correlational analyses revealed a significant 

association between the number of endorsed traumatic stress symptoms and three academic 

achievement variables: WJ-III-NU Math Calculation, WJ-III-NU Writing Fluency, and WJ-III-

NU Reading Comprehension (see Table 67). 
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Table 67 
    

     Correlations between Number of Adolescent Self-Reported Trauma Symptoms and Achievement 
Assessment Performance 

Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Letter-Word Recognition 0.03 0.06 -0.16 -0.03 
Reading Fluency 0.05 -0.02 -0.14 -0.04 
Math Calculation -0.16 -0.17 -0.29** -0.23* 
Math Fluency -0.03 -0.06 -0.17 -0.10 
Spelling 0.05 -0.01 -0.17 -0.05 
Writing Fluency 0.02 -0.04 -0.28** -0.11 
Reading Comprehension -0.13 -0.18 -0.32*** -0.23* 
* Correlation is significant at the 0.05 level 

  ** Correlation is significant at the 0.01 level 
  *** Correlation is significant at the 0.01 level 
   

 The trauma symptom scores for each of the symptom categories and the demographic 

variables of gender, age, ethnicity, income, and blood glucose control, were entered together to 

predict each academic achievement variables listed above. Together these variables predicted 

performance in all three academic achievement variables. The number of traumatic stress 

symptoms endorsed as well as demographic variables predicted WJ-III-NU Math Calculation 

performance, F(8, 94) = 3.51, p = 0.001, R2 = 0.16, with Arousal Symptoms (β = -0.37, p = 

0.014) and Income (β = 0.24, p = 0.036) each contributing unique variance (refer to Table 68). 

The number of endorsed symptoms and demographic variables predicted WJ-III-NU Writing 

Fluency, F(8, 93) = 5.57, p < 0.001, R2 = 0.27, with Intrusion Symptoms (β = 0.29, p = 0.038), 

Arousal Symptoms (β = -0.63, p < 0.001), and Gender (β = -0.25, p = 0.007) each contributing 

unique variance (refer to Table 69). WJ-III-NU Reading Comprehension performance was 

predicted by number of self-reported traumatic stress symptoms endorsed and demographic 

variables, F(8, 94) = 3.04, p = 0.004, R2 = 0.14, with Arousal Symptoms (β = -0.46, p = 0.003) 

contributing unique variance (refer to Table 70).  
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Table 68 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Math Calculation Performance 
Variable B SE B β t p 
Intrusion Symptoms -0.20 1.70 -0.02 -0.12 .907 
Avoidance/Numbing Symptoms 0.88 1.38 0.10 0.64 .523 
Arousal Symptoms -3.86 1.54 -0.37 -2.51 .014 
Gender -5.48 3.48 -0.15 -1.58 .118 
Age -1.12 0.82 -0.13 -1.36 .176 
Ethnicity -6.03 3.79 -0.17 -1.59 .115 
Household Income 0.00 0.00 0.24 2.13 .036 
HbA1c 0.87 0.94 0.09 0.93 .356 
Adjusted R2 

 
0.16    

F   3.51*       
* p = .001 

     
       
Table 69 

     
      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Writing Fluency Performance 
Variable B SE B β t p 
Intrusion Symptoms 2.90 1.38 0.29 2.10 .038 
Avoidance/Numbing Symptoms 1.13 1.11 0.14 1.02 .310 
Arousal Symptoms -5.53 1.23 -0.63 -4.49 .000 
Gender -7.68 2.79 -0.25 -2.75 .007 
Age -1.28 0.66 -0.18 -1.94 .055 
Ethnicity -2.89 3.05 -0.09 -0.95 .346 
Household Income 0.00 0.00 0.17 1.61 .112 
HbA1c 0.01 0.75 0.00 0.01 .992 
Adjusted R2 

 
0.27    

F   5.57*       
* p < .001 
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Table 70 
     

      Summary of Regression Analysis for Number of Adolescent Self-Reported Trauma Symptoms 
Variables Predicting Reading Comprehension Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.72 1.03 0.10 0.70 .489 
Avoidance/Numbing Symptoms 0.45 0.84 0.08 0.54 .592 
Arousal Symptoms -2.81 0.93 -0.46 -3.02 .003 
Gender -3.20 2.11 -0.15 -1.52 .132 
Age -0.01 0.50 0.00 -0.02 .983 
Ethnicity -4.03 2.30 -0.19 -1.75 .083 
Household Income 0.00 0.00 0.12 1.05 .295 
HbA1c 0.02 0.57 0.00 0.04 .966 
Adjusted R2 

 
0.14    

F   3.04*       
* p = .004 

      
PTSD consistent symptoms. A secondary analysis compared three groups of participants: 

those who experienced trauma and self-reported symptoms consistent with PTSD, to those who 

experienced trauma and did not report symptoms consistent with PTSD, and those who did not 

experience trauma. Analysis with ANOVA (see Table 71) compared the aforementioned groups 

by academic achievement variables. Analysis did not yield any significant results when the three 

groups were compared on each of the academic achievement variables. 

Parent-reported trauma symptom scores. Correlation revealed that there were no 

significant correlations between parent-reported trauma symptom category scores from each of 

the three categories of symptoms and academic achievement subtest scores (see Table 72).  

Number of parent-reported traumatic stress symptoms endorsed. We conducted 

analyses to compare academic achievement variables with the number of parent-reported 

traumatic stress symptoms. Correlational analyses revealed a significant association between the 

number of endorsed traumatic stress symptoms and two academic achievement variables: 

Spelling and Reading Comprehension (see Table 73). The three trauma symptom category scores 

(intrusion, avoidance, and arousal) were run in multiple regressions with the Spelling and  
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Table 71 
       Analysis of Variance for Academic Achievement Variables by Self-Reported Symptoms 

Consistent with PTSD 
Composite/Subtest df F p 
Letter-Word Recognition 2, 100 0.06 .940 
Reading Fluency 2, 100 0.23 .795 
Math Calculation 2, 100 2.62 .078 
Math Fluency 2, 99 0.91 .405 
Spelling 2, 100 0.06 .943 
Writing Fluency 2, 99 0.71 .495 
Reading Comprehension 2, 100 1.06 .351 
Note. Participants who self-reported symptoms consistent with PTSD (n=32). Participants who 
did not self-report symptoms consistent with PTSD (n=71). 

 

Table 72 
         Correlations Between Parent-Reported Trauma Symptom Total Scores and Achievement 

Assessment Performance 

Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Letter-Word Recognition -0.06 -0.11 -0.10 -0.10 
Reading Fluency -0.14 -0.19 -0.16 -0.18 
Math Calculation -0.15 -0.13 -0.10 -0.14 
Math Fluency -0.16 -0.17 -0.17 -0.18 
Spelling -0.07 -0.14 -0.13 -0.13 
Writing Fluency -0.09 -0.17 -0.09 -0.13 
Reading Comprehension -0.08 -0.18 -0.18 -0.17 

 
 
Table 73 

         Correlations Between Number of Adolescent Parent-Reported Trauma Symptoms and 
Achievement Assessment Performance 

Subtest 
Intrusion 
Symptoms 

Avoidance/Numbing 
Symptoms 

Arousal 
Symptoms 

Sum of 
Symptoms 

Letter-Word Recognition -0.06 -0.14 -0.08 -0.11 
Reading Fluency -0.11 -0.18 -0.13 -0.16 
Math Calculation -0.17 -0.17 -0.06 -0.15 
Math Fluency -0.18 -0.18 -0.15 -0.19 
Spelling -0.07 -0.21* -0.09 -0.15 
Writing Fluency -0.09 -0.14 -0.03 -0.10 
Reading Comprehension -0.13 -0.20* -0.16 -0.18 
* Correlation is significant at the 0.05 level 
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Reading Comprehension subtests. Demographic variables were also included in these models to 

account for their potential impact. Neither the regression model for Spelling, F(8, 94) = 1.99, p 

= 0.056 R2 = 0.07, nor Reading Comprehension performance, F(8, 94) = 1.73, p = 0.102, R2 = 

0.05, were significant when demographic variables and the three trauma symptom categories 

were included (see Tables 74 and 75). 

PTSD Consistent Symptoms. A secondary analysis compared three groups of 

participants: those who experienced trauma and had parent-reported symptoms consistent with 

PTSD, to those who experienced trauma and did not have parent-reported symptoms consistent 

with PTSD, and those who did not experience trauma. Analysis with ANOVA (see Table 76) 

compared the aforementioned groups by academic achievement variables. Analysis did not yield 

any significant results when the three groups were compared on each of the academic 

achievement variables. 

Table 74 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Reading Comprehension Performance 
Variable B SE B β t p 
Intrusion Symptoms 0.45 1.24 0.06 0.37 .714 
Avoidance/Numbing Symptoms -1.06 0.87 -0.20 -1.22 .226 
Arousal Symptoms -0.16 1.01 -0.03 -0.16 .877 
Gender -2.20 2.12 -0.10 -1.04 .302 
Age 0.00 0.50 0.00 0.01 .996 
Ethnicity -4.06 2.40 -0.19 -1.69 .094 
Household Income 0.00 0.00 0.10 0.86 .393 
HbA1c -0.43 0.58 -0.08 -0.74 .463 
Adjusted R2  0.05    F   1.73*       
* p = .102 
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Table 75 
     

      Summary of Regression Analysis for Number of Adolescent Parent-Reported Trauma Symptoms 
Variables Predicting Spelling Performance 
Variable B SE B β t p 
Intrusion Symptoms 1.18 1.74 0.11 0.68 .499 
Avoidance/Numbing Symptoms -2.86 1.22 -0.38 -2.35 .021 
Arousal Symptoms 1.21 1.42 0.14 0.85 .396 
Gender -5.45 2.98 -0.18 -1.83 .070 
Age -0.48 0.70 -0.07 -0.68 .498 
Ethnicity 1.55 3.37 0.05 0.46 .647 
Household Income 0.00 0.00 0.18 1.58 .118 
HbA1c -0.70 0.81 -0.09 -0.86 .395 
Adjusted R2  0.07    F   1.99*       
* p = .056 

      
 
 
Table 76 

   
    Analysis of Variance for Academic Achievement Variables by Parent-Reported Symptoms 

Consistent with PTSD 
Composite/Subtest df F p 
Letter-Word Recognition 2, 100 0.29 .751 
Reading Fluency 2, 100 1.10 .337 
Math Calculation 2, 100 0.05 .951 
Math Fluency 2, 99 0.09 .916 
Spelling 2, 100 0.05 .953 
Writing Fluency 2, 99 0.29 .746 
 Reading Comprehension 2, 100 0.34 .711 
Note. Participants who had parent-reported symptoms consistent with PTSD (n=26). Participants 
who did not have parent-report symptoms consistent with PTSD (n=77). 
* Indicates a statistically significant variable 

   
  



142 
TRAUMA AND TYPE 1 DIABETES 

Chapter 5: Discussion 

 The purpose of this study was to investigate differences in neuropsychological and 

academic functioning according to trauma exposure and traumatic stress symptoms in children 

and adolescents with T1DM. This study adds to the literature regarding trauma exposure and its 

impact on academic and cognitive functioning by focusing on a cohort of youth with T1DM. 

This chapter will summarize findings of this study, discuss limiting factors in the study, and 

make recommendations as to future directions for research in the field at large. 

Descriptive Statistics, Trauma Exposure, and Traumatic Stress Symptoms  

 Neuropsychological and academic achievement performance. Previous studies have 

found that adolescents with T1DM score lower than their healthy peers on neuropsychological 

measures of Full Scale, Verbal, and Performance Intelligence (Naguib et al., 2009; Ryan et al., 

1984). In this study, the mean participant score was 100 for each the Full-Scale IQ, Verbal 

Comprehension, and Perceptual Reasoning composites; this is the mean standard score for these 

composites. Therefore, as a group, youth with T1DM performed in the normative range. Studies 

have also found the performance of T1DM adolescents to be below their average, healthy peers 

on measures of reading, writing, and math (Hannonen et al., 2010; Naguib et al., 2009; Parent et 

al., 2009;). Participants of this study averaged within two points of the assessment norms for the 

Spelling, Letter-Word Recognition, Reading Fluency, and Writing However, HbA1c did 

significantly relate to performance on the Letter-Word Recognition and Reading Fluency 

subtests of the WJ-III-NU, suggesting that glucose control is an important contributor of 

academic vulnerability in youth with T1DM.  

Trauma exposure. Studies about childhood trauma exposures have estimated that 

between 40% and 63% of individuals in the United States will experience at least one traumatic 
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event by the time they reach adulthood (Boney-McCoy & Finkelhor, 1995; Felitt & Anda, 1997; 

Saunders & Adams, 2014). Individuals in this study, experienced exposure at a higher rate than 

has typically been reported, over 75%. Overall, self-and parent-reports of the presence of 

traumatic event aligned 80% of the time. Medical trauma, including diabetes, was the most 

commonly reported traumatic event experienced, two-thirds of all participants and 90% of those 

who reported a trauma, across all trauma types. Trauma related to T1DM constituted most of the 

medically reported traumas; the primary events identified as the main trauma were the initial 

diagnosis and other major diabetes related events, such as experiencing severe effects of poor 

blood glucose management and hospitalization. For a portion of participants, between 5% and 

8%, the day-to-day events associated with T1DM were identified as the major traumatic event in 

their lives. As was discussed earlier, what constitutes a trauma is difficult to define precisely 

because the individuals own perceptions and responses influences response. The majority of 

participants did not view the day-to-day stresses of T1DM as traumatizing, but for a portion of 

them these stresses are overwhelming and negatively impact their ability to. 

 Self- and parent-report compared. In general, parents reported the participants as 

experiencing fewer symptoms of traumatic stress than the youth (4.83 symptoms compared to 

6.19), and expressed that those symptoms occurred less frequently (traumatic stress symptoms 

score of 7.55 compared to 11.26) than the participants self-reported. Similarly, participants were 

significantly more likely than their parents to report symptoms in a pattern consistent with the 

diagnostic criteria of PTSD.  These findings show greater agreement between parent and child 

reporting of traumatic event exposure and less agreement with the experience in the number of 

traumatic stress symptoms identified than has been observed in the literature (Stover et al, 2010). 

Additionally, self-reported and parent-reported trauma exposure and trauma symptoms did not 
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necessary predict the same neuropsychological and academic achievement outcomes. As a large 

number of results have been presenting in this study, Table 77 has been provided to summarize 

the findings. Previous studies have found significant differences between child and parent 

reporting on measures designed to investigate topics such as internalizing behaviors and quality 

of life.  Looij-Jansen et al. (2010) found that parents and preadolescents differed in reporting by 

ethnic groups (where children reported more symptoms than parents in some ethnic groups and 

parents reported more symptoms than the child in other ethnic groups). Additionally, parent and 

child disagreement on symptoms during preadolescents predicted internalizing problems in 

adolescents. A study investigating parent and child points of view of the child’s quality of life 

following a major injury found that agreement improved over time (Gabbe et al., 2010). Initially, 

the child reported significantly higher quality of life than their parents reported but these 

differences were no longer significant after one year. This study concluded that gathering and 

considering data from multiple respondents would be important in assessing trauma in the post-

injury pediatric population. The differences in self- and parent-reporting underscores the need for 

comprehensive interviewing as part of a formal evaluation to properly identify traumatic stress 

symptoms and PTSD so that patients can receive appropriate care.  

Trauma Exposure and Neuropsychological Functioning 

Self-reported trauma exposure. It was hypothesized that adolescents with both T1DM 

and a history of trauma exposure would score lower on assessments of neuropsychological 

performance than those with T1DM who had not been exposed to a traumatic event. 

Unexpectedly, individuals who self-reported trauma exposure performed significantly better on 

the assessment of semantic memory, Category Fluency, then those who did not. In general, 
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Table 77 
    

     Summary of Significant Neurocognitive and Academic Variables 
Cognitive 

Trauma Exposure 
 

Medical Trauma, Other, and None 
Self-Reported Parent-Reported 

 
Self-Reported Parent-Reported 

Perceptual Reasoning Block Design 
 

None Block Design 
Trauma Symptom Scores 

 
Number of Traumatic Stress Symptoms 

Self-Reported Parent-Reported 
 

Self-Reported Parent-Reported 
Full-Scale IQ Full-Scale IQ  Full-Scale IQ Full-Scale IQ 

Perceptual Reasoning Verbal Comprehension  Verbal Comprehension Verbal Comprehension 
Block Design  Vocabulary  Perceptual Reasoning Vocabulary 

Matrix Reasoning Detection   Block Design Detection 
Identification   Vocabulary  

Detection   Matrix Reasoning  
PTSD Consistent Symptoms 

 
Identification 

 Self-Reported Parent-Reported 
 

Groton Maze 
 Perceptual Reasoning None 

   Full-Scale IQ 
 

  
 Block Design 

 
  

 Academic 
Trauma Exposure  Medical Trauma, Other, and None 

Self-Reported Parent-Reported 
 

Self-Reported Parent-Reported 
None Math Calculation 

 
None None 

Trauma Symptom Scores 
 

Number of Traumatic Stress Symptoms 
Self-Reported Parent-Reported 

 
Self-Reported Parent-Reported 

Math Calculation None 
 

Math Calculation None 

   
Writing Fluency  

PTSD Consistent Symptoms 
 

Reading Comprehension 
 Self-Reported Parent-Reported 

   None None       

Note. Perceptual Reasoning, Verbal Comprehension, Full-Scale IQ, Block Design, Matrix 
Reasoning, and Vocabulary subtests are each from the Wechsler Abbreviated Scales of 
Intelligence II. Identification, Detection, and Groton Maze subtests are from Cogstate. All 
academic variables are from the Woodcock Johnson-III Normative Update. 
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trauma symptoms reported by parents predicted fewer neuropsychological and did not report 

trauma exposure. It is also possible that due to the number of statistical analyses that this finding 

was by chance and there may not be differences in. Further, secondary analysis involving self-

reported medical trauma did not yield any significant differences between groups. 

Parent-reported trauma exposure. Perceptual and visual-spatial ability were lower in 

those who had parent reported trauma then non-trauma exposed adolescents. The results of the 

secondary analyses indicated that those who had a parent-reported non-medically related 

traumatic event scored significantly lower than those who did not experience any traumatic 

event. Lower perceptual ability has not commonly been found to be associated with trauma 

exposure, but a previous study did find identify perceptual ability as being significantly lower in 

those who had been exposed to trauma when functional impairments were also present 

(Saltzman, et al., 2006). Lower perceptual and visual-spatial performances have been observed in 

adolescents with T1DM when compared to healthy peers. Perhaps the lower perceptual and 

visual-spatial performance scores that have been observed in the trauma exposed participants of 

this study, as well as the negative correlation between these abilities and trauma symptoms that 

were also observed, is due to how trauma impacts performance in those with T1DM.  

Trauma Exposure and Academic Achievement 

It was hypothesized that adolescents with both T1DM and a history of trauma exposure 

would score lower on assessments of academic achievement than those with T1DM who had not 

been exposure to trauma. Individuals who experienced a trauma, either self-reported or parent-

reported, did not differ on any measures of academic achievement from those who did not 

experience trauma. When further broken down in secondary analysis, findings revealed math 

calculation performance differed between those who had a parent-reported medical trauma, 
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parent-reported non-medical trauma, and those whose parents did not report any trauma 

experiences. Unexpectedly, post-hoc analysis found that individuals who experienced non-

medical trauma had significantly lower scores than those who experience medical trauma and 

those who did not experience any trauma. Similar performance between trauma exposure groups 

diverges from other studies in the literature that found lower scores in math and reading (De 

Bellis et al., 2013). Several previous studies have found that trauma symptomology rather than 

trauma exposure is associated with lower academic performance (De Bellis et al., 2009; Saigh et 

al., 1997), the study also examined the relative contribution of traumatic stress symptoms to 

neurocognitive and academic functioning. Only a small portion of study participants reported 

experiencing a non-medically related traumatic event, leaving a small number to be compared 

with in the analysis. There is a need for future studies to examine medical trauma in the future 

with a larger pool of adolescents who experienced a non-medical trauma to confirm and expand 

upon these results.  

Traumatic Stress Symptoms and Neuropsychological Functioning 

It was hypothesized that higher scores of traumatic stress symptoms would predict lower 

scores on measures of neuropsychological. Analyses found that when demographic variables 

were included in the models, self-reported traumatic stress symptoms scores, both total scores 

and symptom clusters, predicted several neuropsychological domains: overall intelligence, 

perceptual abilities, visual-spatial ability, attention, and executive functioning. In each case, as 

the trauma symptom scores increased, neuropsychological performance decreased. For some 

domains (general intelligence, perceptual reasoning, and visual-spatial ability), Arousal 

Symptom scores contributed unique variance to their models while Intrusion and Avoidance 

Symptom Scores did not. None of the individual symptoms categories contributed unique 
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variance to the three domains assessed through Cogstate, (attention, executive function, and 

psychomotor ability). In the case of parent reported trauma symptoms scores, analysis found that 

when demographic variables were included in the models the neuropsychological performance 

was predicted in the domains of general intelligence, verbal comprehension, vocabulary, and 

psychomotor functioning.  

Consistent with the hypothesis for the third research question, analyses found that when 

models were created using the number of self-reported traumatic stress symptoms and 

demographic variables of gender, age, ethnicity, income, and blood glucose control, performance 

in several neuropsychology domains was predicted: overall intelligence, verbal abilities, 

perceptual abilities, visual-spatial ability, attention, and executive functioning.  In each case, as 

the trauma symptom scores increased, neuropsychological performance decreased. For the 

cognitive domains of perceptual abilities, visual-spatial ability, vocabulary, and attention, 

Arousal Symptom scores contributed unique variance to their models, whereas Intrusion and 

Avoidance Symptom scores did not. Avoidance Symptoms scores significant contributed to the 

model predicting executive functioning (Groton Maze Learning) but Arousal or Intrusion 

Symptoms scores did not. Individual trauma symptom categories did not contribute unique 

variance to the psychomotor functioning and verbal abilities models.  In the case of the number 

of parent reported trauma symptoms, analysis found that when demographic variables were 

included in the models the neuropsychological performance was predicted in the domains of 

general intelligence, verbal comprehension, vocabulary, and psychomotor functioning. 

Secondary analysis was conducted to determine if those with symptoms of traumatic 

stress that are consistent with the diagnostic criteria for PTSD would score significantly lower on 

measures of neuropsychological performance than those who experienced trauma but did not 
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have PTSD consistent symptoms, and those who did not experience trauma. Participants with 

self-reported PTSD consistent symptoms scored significantly lower on perceptual reasoning than 

those who did not experience trauma but not those who experienced trauma and subthreshold 

PTSD. In the case of general intelligence and visual-spatial ability, individuals who self-reported 

symptoms consistent with PTSD scored significantly lower than those who did not. Parent-

reported PTSD did not differ significantly from subthreshold PTSD or non-trauma exposure 

participants on any neuropsychological subtest. 

Several studies have identified that as symptoms of traumatic stress increased, 

performance on measures of general and verbal intelligence decrease (Daud et al., 2008; De 

Bellis et al., 2013; Delaney-Black et al., 2002). Decreased attention has also been previously 

associated with increased symptoms of traumatic stress (De Bellis et al., 2013; Perfect et al., 

2016). One possible explanation for this decrease in attention and executive functioning 

performance in abnormal brain structure, specifically less than typical hemispheric lateralization 

prefrontal cortex volume. Less than typical hemispheric lateralization has previously been 

identified as being associated with the presence of PTSD and with lower performance on 

measures of attention (Carrión et al., 2001; Shaw & Brown. 1991). Other studies have found an 

association between decreased prefrontal cortex volume and lower attention and executive 

functioning performance as well as the presence of PTSD (Shin et al., 2006; Yuan & Raz, 2014). 

Traumatic Stress Symptoms and Academic Achievement 

The hypothesis for research question for was only supported for higher trauma symptom 

scores predicting performance on Math Calculation. When run in regression with demographic 

variables, Arousal Symptoms contributed unique variance to the model. When parent-reported 
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symptom scores were analyzed with academic achievement variables, no statistically significant 

relationships were identified. 

Analysis of traumatic stress symptoms revealed that greater number of self-reported 

endorsed symptoms significantly predicted lower ability in the areas math calculation, writing 

fluency, and reading comprehension subtests. Specifically, the number of Arousal Symptoms 

endorsed contributed unique variance to all three models. Intrusion Symptoms also contributed 

unique variance in the regression model predicting the ability of writing fluency. This is 

consistent with past studies in which traumatic stress symptomology has been found to be 

associated with lower performance on measures of reading (De Bellis et al., 2009; De Bellis et 

al, 2013) and math (De Bellis et al, 2013; Saigh et al., 1997). When this analysis was conducted 

with parent-reported traumatic symptom scores, higher number of endorsed traumatic stress 

symptoms did not predict lower performance on any of the academic measures. This study also 

examined differences between academic achievement performance in with PTSD consistent 

symptoms, subthreshold PTSD, and those who were not exposed to a traumatic event. There 

were not significant differences between groups, regardless of who reported those symptoms. As 

was the case with neuropsychological symptoms, academic performance was less predictable 

based on the presence of PTSD; trauma symptomology appears to be a more sensitive measure. 

Trauma symptom total scores and the number of trauma symptoms endorsed has a greater 

number of significant relationship with neuropsychological and academic achievement variables 

than the presence exposure to trauma and PTSD consistent symptoms. Indeed, the 

neurocognitive domains found to be significant in analysis of Trauma Exposure and PTSD 

Consistent Symptoms were also significant in the Trauma Symptom Total Scores and number of 

endorsed traumatic stress symptoms. There is no standardized way in which the scientific 
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community as a whole investigates and reports trauma; this study’s findings indicate that 

differences in neuropsychological and academic performance are more readily identifiable when 

compared with trauma symptoms rather than if a traumatic event did or did not occur. 

Additionally, symptoms of arousal often were the only category of traumatic stress symptoms to 

contribute unique variance to models involving self-reported traumatic stress symptoms and 

either neuropsychological performance or academic achievement variables; in treating symptoms 

of traumatic stress, targeting arousal symptoms may be considered of special importance. 

Although this study’s focus was on traumatic event exposure and traumatic stress 

symptoms, data showed several important relations with demographic variables. Household 

income was correlated with each of the seven academic achievement variables assessed (WJ-III 

NU subtests: Letter-Word Recognition Reading Fluency, Math Calculation, Math Fluency, 

Spelling, Writing Fluency, and Reading Comprehension). Additionally, household income was 

found to be associated with lower scores on nearly half of the cognitive measures featured in this 

study (WASI-II Verbal Comprehension, Full Scale IQ, and Vocabulary, Cogstate Identification, 

Detection, and One-Card Back, and DKEFs Letter Fluency). Socioeconomic status (SES), of 

which household income is a strong contributor, is known to be associated with lower cognitive 

performance in children. Children of low SES have may have unreliable transportation that can 

result in being less able to reliably attend medical appointment. They also have limited access to 

medical care, being only able to obtain the medical care affording to them by a possibly 

restrictive medical healthcare program. A lack of funds also may require families to reuse 

medical supplies or forgo them entirely. Low SES can also make diabetes more difficult to 

manage via diet. In addition to restricted access to healthy foods, adolescents that rely on free 

and reduced school lunch programs will eat meals that are not necessarily designed with their 
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dietary needs in mind. Students with T1DM appear to be similarly affected by low income, but 

measures can be taken to improve outcomes. Medical providers should consider children with 

T1DM of low-income households for support service referrals as they are of particular risk to 

poorer cognitive and academic outcomes. However, increasing the child’s access enriching 

activities and preschool attendance can lessen the negative impact of low SES (Christensen et al., 

2014). 

Age, stage of development, and intelligence could affect both trauma exposure reporting 

as well as the self-reporting of traumatic stress symptoms. Younger individuals, as well as those 

with lower intelligence, may have fewer cognitive resources available to them to interpret and 

process potentially traumatic events in a psychologically healthy way. It was found that lower 

IQ’s were associated with greater reported trauma symptoms. Although there was no significant 

difference between adolescents and pre-adolescents in self-reported trauma exposure or trauma 

symptoms it is possible that individuals who are younger, are at an earlier stage of development, 

or have a lower than average intelligence will be more easily impacted by traumatic events. 

Alternatively, they could interpret the questions differently or have different response patterns. 

Finally, it has been observed that for many measures of cognitive ability that include a large 

range of ages, the scores of younger individuals are more greatly affected by a single correct or 

incorrect answer. As such, it may be the case that reliability and validity is less strong for young 

participants.  

Limitations of the Study 

 Several factors are present in this study that suggest that caution be taken in interpreting 

its findings. These limitations are presented below. 



153 
TRAUMA AND TYPE 1 DIABETES 

Sampling. Firstly, all participants from this study received medical care for their diabetes 

at the same pediatric endocrinology clinic in the southwest United States. As such, all 

participants are receiving a similar course of treatment and have the same services available to 

them including their treatment team, dieticians, and group and family counseling. It therefore is 

possible that the care provided by this clinic influences the way the participants and their 

families conceptualize diabetes and trauma or cope with their disease that is unique from other 

care providers. This shared experience could therefore impact results. Increasing the size of the 

participant pool to multiple sites could allow for a larger participant pool and minimize the 

possible confounds that may occur in recruiting from one source. However, the diversity of this 

studies population is a strength of this study with half being from underrepresented backgrounds. 

Moreover, the obtained sample of participants is a good representation of the clinics 

demographics. Additionally, this study only assessed its participants during one two-week period 

of their lives, a more long-term study would be able to track changes over time. 

Lack of health peers for comparison. This study utilized a quasi-experimental design 

that grouped participants according to traumatic event exposure.  The majority of participants 

reported experiencing a medical trauma, often times this trauma was related in some way to their 

diagnosis of T1DM. A T1DM negative group of participants would have provided a pool of 

participants to compare medical trauma to who did not share the experience of a T1DM 

diagnosis. This would have provided greater insight into the nature of T1DM related trauma and 

medical trauma in general.  

Measurement. The CTRI-PTSD was selected because it provides a comprehensive list of 

possible traumatic stress symptoms and the flexibility in reporting trauma. However, it did not 

include a structure for scoring such symptoms in a manner outside of determining the presence 
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of PTSD. Although the system for scoring that was crafted for this study was based on those of 

other, similar PTSD inventories, it warrants consideration when interpreting the results (Pynoos 

et al., 1998, Steinberg et al., 2013). Additionally, the question related to trauma exposure 

involved an open ended, written response. As several research team members administered this 

questionnaire throughout the course of the study, there could be concerns that some participants 

may have been asked about trauma exposure in a manner more likely to illicit an affirmative 

response, resulting in higher than typical reports of trauma exposure. While there is no evidence 

that this occurred, the use of an administration script or checklist might avoid the risk of 

prompting particular events.  

 Blood glucose control. Moreover, the participants’ most recent HbA1c results were used 

to estimate blood glucose control, but the date of last recorded HbA1c varied, sometimes by a 

number of months. Although HbA1c is a measure of glucose control over the previous three 

months, glucose levels closer or at the time of performance may serve as a better predictor of 

performance.  In a future study, obtaining HbA1c at the time of enrollment would mediate this 

problem. Nonetheless, the parent study also assessed glucose using a continuous glucose 

monitor, which records glucose every five minutes. Data related to extreme highs and lows 

would allow for examination of how traumatic event exposure and traumatic stress symptoms 

interact with hyper- and hypo-glycemic in predicting neurocognitive performance. researchers to 

account for the temporal effects that hyper- and hypo-glycaemia have on neurocognitive and 

academic performance (Cox et al., 2004).  

 Academic achievement. To avoid further burdening participants, this study only 

examined seven areas of academic achievement from the WJ-III. Notably absent from 

assessment were measures of abstract math problem solving and written expression. At the outset 
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of this study, the WJ-III was the most current version of the measure available. However, the 4th 

edition of the WJ was released within a year of the projects start.  Ideally, future studies will 

utilize the most current editions to have the most accurate norms possible for accurate 

comparison. Additional academic measures that were part of the larger study, but not analyzed 

included grades and state-wide standardized test results. Further, student records could be 

collected to examine: attendance, discipline referrals, Title 1 reading enrollment, and special 

education services status. This would gain a more complete profile of student performance and 

school needs. 

Conclusions and Implications 

 A unique aspect of this study was that it examined childhood trauma in several ways 

(trauma exposure, traumatic stress symptom frequency, number of traumatic stress symptoms, 

and PTSD classification based on cutoff scores) as reported by both parents and the participants 

themselves. This method has the advantage of examining trauma from multiple perspectives, but 

also complicates reporting as the volume of information to be communicated is great and 

different perspectives can yield competing results.  

            Results of this study suggest that those with T1DM are at increased risk for experiencing 

traumatic events. If such a relationship does exist, further investigation is required to understand 

trauma’s impact on this population as it is potentially powerful.  In terms of treatment of the 

disease, it would be useful to learn the extent to which traumatic stress symptoms influence 

management of T1DM, a disease whose complications include nerve, heart, and kidney damage 

and a shortened life span. It would be beneficial to explore how treatment of trauma impacts 

blood glucose control. This study found that arousal symptoms might have a particularly 

negative impact on neuropsychological performance; would some traumatic stress symptoms 
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have a greater, negative impact on blood glucose control? 

Given of the high prevalence of participants in this study who reported the presence of 

traumatic stress symptoms and that some individuals experience their diagnosis of T1DM as 

traumatizing, consideration should be given to periodic trauma screenings during clinic 

appointments. Furthermore, the fact that such a large number of participants in this study had 

reported symptoms of traumatic stress highlights the need to explore the integration of treatment 

of traumatic stress symptoms into the standard regiment of care for those newly diagnosed with 

T1DM. Doing so could not only benefit those who already are reporting symptoms of traumatic 

stress, but equip others with the skills necessary to cope with any traumatic events they may 

encounter in the future. These findings may also be applicable when working with other chronic 

medical conditions, such as multiple sclerosis or celiac’s disease.  

In revisiting the fact that participants performed commensurate with the normative 

sample on measures of neuropsychology, yet results indicated that traumatic stress symptoms are 

associated lower scores on neuropsychology and achievement variables. Consequently, it is 

possible that lower scores previously reported in the literature may be better attributed to the 

effects of traumatic stress symptoms that form as a result of trauma exposure. 

Childhood trauma and its treatment are increasingly being identified as an issue that 

schools need to address. A school district in the southwest United States is currently involved in 

a lawsuit to determine if trauma exposure qualifies as a disability for which special education 

services are required (Watanabe, 2015). Given this fact as well as the neuropsychological and 

academic findings of this, it is recommended that school’s look to train staff to identify and 

provide considerations to students with symptoms of traumatic stress. As Weems et al. (2009) 

found, treating and lowering PTSD symptoms can increase the grade point averages of students. 
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In the current public school environment where funding is being increasingly tied to student 

performance, it is not only in the best interest of the student, but also the schools for symptoms 

of trauma to be identified and treated appropriately. Future research should explore the impact of 

treatment of traumatic stress symptoms in the school setting on performance on assessments of 

neuropsychology and academic achievement.   
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Appendix A: Data Coding Instructions 

This coding manual outlines the basic instructions that between members of this project. If 
participants/parents generate an answer on any of the open-ended questions that does not fit any 

of the available options, make a note and the group will be decide if a new option needs to be 
generated. After double coding and data cleaning are completed, entries will be compared, 

agreement data will be recorded, and primary investigator will individually examine 
discrepancies to ensure the best selection is made and used for data analysis. 

 
Participant Number 
 Enter three-digit participant number. 
 
Date  
 Enter date completed (MM/DD/YYYY) (From Parent Form)  
 
Participant Form 
 
Did the adolescent note any traumatic event(s)? 
 0 = No Response 
 1 = No 
 2 = Yes 
 
Please describe what happened during this event (s): 
 Choose best fit category. If no category fits, please note for review and category revision. 

0 = No Response 5 = Sexual Abuse (Non Relative) 
1 = Diabetes-related 6 = Sexual Abuse (Relative) 
2 = Domestic related Trauma/Troubles 7 = Multiple Traumas 
3 = Physical Abuse (Relative) 8 = Medical Trauma (Non-Diabetes) 
4 = Physical Abuse (Non Relative) 9 = N/A 

 
Was Diabetes mentioned as a traumatic event? 

0 = No Response 
 1 = No 
 2 = Yes 
 
Was hospitalization mentioned as a traumatic event? 

0 = No Response 
 1 = No 
 2 = Yes 
 
Medical trauma? 
 0 = No Response 
 1 = No 
 2 = Yes 
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Non Medical trauma? 
 0 = No Response 
 1 = No 
 2 = Yes 
 
How Often Did It Happen in the Last Four Weeks? (AdOften 1-39) 

0 = No Response 
1 = Never 
2 = Sometimes 
3 = A Lot 
4 = Almost All the Time 

 
When It Happened, How Bad Did it Make You Feel (AdBad 1-39) 

0 = No Response 
1 = It Did not Happen 
2 = Not Bad at All 
3 = A Little Bad 
4 = Pretty Bad 
5 = Really Bad 

 
Is there anything else new that has started to happen since the experience? 
 Do Not Code this Question 
 
If you are having a bad day, is there anything that helps you to feel better? (AdFeelBetter) 

0 = No Response 4 = Spiritual 
1 = None 5 = Multiple 
2 = Social 6 = Other 
3 = Solitary  

 
Who? (Ad35Who) 

0 = No Response 8 = Teacher 
1 = Mother 9 = Friend 
2 = Father 10 = Family Friend 
3 = Grandmother 11 = Medical Professional 
4 = Grandfather 12 = Extended Family 
5 = Sister 13 = Family 
6 = Brother 14 = N/A 
7 = Classmate 16 = Other 

 
How much control do you feel you have over this kind of event happening again? (AdControl) 

0 = No Response 
1 = None 
2 = Some 
3 = A lot 

4 = False Control* 
5 = Other 
6 = N/A 
 

*Fanciful response or unrealistic degree of control 
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Parent Form 
 
Relationship to the Youth 

0 = No Response 
1 = Mother 
2 = Father  

4 = Grandfather 
5 = Other Relative Guardian 
6 = Guardian 

3 = Grandmother  
 
Can we count on you to answer questions thoughtfully and honestly…?  

0 = No Response 
 1 = No 
 2 = Yes 
 
Did the parent note any traumatic event(s)? 
 0 = No Response 
 1 = No 
 2 = Yes 
 
Please describe what happened during this event (s): 
 Choose best fit category. If no category fits, please note for review and category revision. 

0 = No Response 5 = Sexual Abuse (Non Relative) 
1 = Diabetes-related 6 = Sexual Abuse (Relative) 
2 = Domestic related Trauma/Troubles 7 = Multiple Traumas 
3 = Physical Abuse (Relative) 8 = Medical Trauma (Non-Diabetes) 
4 = Physical Abuse (Non Relative) 9 = N/A 

  
Was Diabetes mentioned as a traumatic event? 

0 = No Response 
 1 = No 
 2 = Yes 
 
Was hospitalization mentioned as a traumatic event? 

0 = No Response 
 1 = No 
 2 = Yes 
 
Medical trauma? 
 0 = No Response 
 1 = No 
 2 = Yes 
 
Non Medical trauma? 
 0 = No Response 
 1 = No 
 2 = Yes 
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When did this happen? 
  (MM/DD/YYYY) 
 
How Often Did It Happen in the Last Four Weeks? (ParOften 1-39, F1-F8) 

0 = No Response 
1 = Never 
2 = Sometimes 
3 = A Lot 
4 = Almost All the Time 

 
When It Happened, How Bad Did it Make You Feel (ParBad 1-39, F1-F8) 

0 = No Response 
1 = It Did not Happen 
2 = Not Bad at All 
3 = A Little Bad 
4 = Pretty Bad 
5 = Really Bad 

 
 
When did symptoms start? (ParE1) 
  (MM/DD/YYYY) 
 
When did symptoms end? (ParE1b) 
  (MM/DD/YYYY) 
 
How long have symptoms lasted? (ParE2) 
 (Months) 
 
Is there any way that this child has improved since the experience? (PareYNF8) 
 0 = No Response 
 1 = No 
 2 = Yes 
 
Improvement: If it happens, how much of a problem is it? (ParBadF81-F83) 

0 = No Response 
1 = None 
2 = A little 

3 = A big problem 
4 = A severe problem 
 

 
If yes, please list and rate (ParDesScalesF8) 

0 = No Response 
1 = No Change 
2 = Positive Change  

3 = Negative Change 
4 = Multiple Changes 
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What does she do in order to feel better, if she or he is feeling upset or feeling bad? 
ParFeelBetter) 

0 = No Response 4 = Spiritual 
1 = None 5 = Multiple 
2 = Social 6 = Other 
3 = Solitary  

 
Who? (Par35Who) 

0 = No Response 8 = Teacher 
1 = Mother 9 = Friend 
2 = Father 10 = Family Friend 
3 = Grandmother 11 = Medical Professional 
4 = Grandfather 12 = Extended Family 
5 = Sister 13 = Family 
6 = Brother 14 = N/A 
7 = Classmate 16 = Other 

 
How Much Control Does S/he feel they have over this kind of event happening again? 
(ParControl) 

0 = No Response 
1 = None 
2 = Some 
3 = A lot 

4 = False Control* 
5 = Other 
6 = N/A 
 

*Fanciful response or unrealistic degree of control 
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Appendix B: Scoring Guide for Symptom Number and Total Symptom Score 
 

B. Reexperiencing  D. Increased Arousal 
	S# Qtn Ind Sev Symp Sev >0  S# Qtn Ind Sev Symp Sev >0 
	

B1 1* 0 0 0  D1 5 0 0 0 	2* 0  6 0 
	

B2 3 0 0 0  D2 9 0 0 0 	25 0  12 0 
	

B3 
17 0 

0 0  D3 10 0 0 0 
	18 0  D4 14 0 0 0 	B4 20 0 0 0  21 0 
	B5 27 0 0 0  D5 23 0 0 0 	Reexperiencing 0 0  24 0 
	MAX 15 5  Arousal 0 0 
	

      MAX 15 5 
	C. Avoidance and Numbing       	S# Qtn Ind Sev Symp Sev >0  Total Scores 
	

C1 
4 0 

0 0 
 Category Severity Tot

al 
	19 0  Reexperiencing 0 0 
	26 0  Avoidance 0 0 
	C2 7 0 0 0 

 
Arousal 0 0 

	

C3 
8 0 

0 0  
Total 0 0 

	13 0 
 

Max 51 17 
	26 0 

      	C4 11 0 0 0 
 

Answers Consistent with PTSD? 
	

C5 
15 0 

0 0 
 

Category Minimum Tot
al 

	29 0 
 

Reexperiencing 1 0 
	C6 16 0 0 0 

 
Avoidance 3 0 

	
C7 

22 0 
0 0  

Arousal 2 0 
	30** 0 

 
All 3 Criteria Minimums Met? 0 

	Avoidance 0 0 
      	MAX 21 7 
 

* Must = 2 or 3, ** Must = 0,  if >0, C7=0 
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Appendix C: Demographics and Health Questionnaire 
 
Participant ID #:    Date Completed (MM/DD/YEAR):    /  /   
 
Data Collected By:    
 
1)   What race/ethnicity do you consider   to be? Select all that apply. 
o American Indian or Alaska Native o Asian 
o Black or African American o Native Hawaiian or Other Pacific Islander 
o White o Other (Please specify: _____________) 
o Hispanic, Latino, or Spanish?  Please select all that apply: 
o Mexican o Puerto Rican 
o South or Central American o Other Spanish culture or origin 
(Please specify:   ) 
2) Where was    born? 

a. (if not born in U.S.) How long have you lived in the U.S.?                                       b. 
What languages are spoken at home?                                                                       c. 
(Please specify primary language:                                    ) 
 
3. About how many hours does   engage in the 
following activities (per week)? 

number of hours 
per week 

a. Sleep (please specify naps, nighttime, etc.)  

b. Work at a job  

c. Transportation (for example, to/from school or work)  

d. Attend school  

e. Participate on or coach a sports team  

f. Exercise (please specify:  )  

g. Do physical activities outside  

h. Play or “hang out” outside  

i. Talk on the phone to friends  

j. Play video or computer games  

k. Read, but not for school/work  

l. Watch television  

m. Practice a musical instrument/participate in band  

n. Do homework  

o. Household chores (including cooking/cleaning)  

p. Do things related to your diabetes  

q. Eat (including snacking, meals, etc.)  

r. Volunteer (e.g., Red Cross)  

s. Other extracurricular activity (please specify:   )  
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4) Please list any medications that    is taking, whether over the counter or 
prescription: 
 
 
 
 
 
Participant ID:    Date Completed:     
 
5) Has   ever been diagnosed or told that he/she/you has/have/had any of the 
following? Circle all that apply: 
a (1-3). Diabetes (please specify:   ) Yes No How long ? 
b (1-2). High Blood Pressure/Hypertension Yes No  

c (1-2). High Cholesterol Yes No  

d (1-2). Anemia Yes No  

e (1-3). Sleep Disorder (or problems related to sleep) (please 
specify:  ___________) 

Yes No  

 f (1-3). Respiratory Problems (for ex. asthma; please specify:  
  

Yes No  

g (1-2). Pain Yes No  

h (1-2). Fibromyalgia Yes No  

i (1-3). Cancer (please specify:   ) Yes No  

j (1-3). Skin Problems (please specify:   ) Yes No  

k (1-3).. Heart Condition (please specify:   ) Yes No  

l (1-3). Seizure Disorder (please specify:  ) Yes No  

  m (1-3). Kidney Disease Yes No  

n (1-3). Headaches / Migraines Yes No  

o (1-3).  Eating Disorder (please specify:  ) Yes No  

p (1-3).. Behavior Disorder (please specify:  ) Yes No  

q (1-3). Mood Disorder (please specify:  ) Yes No  

r (1-3). Physical Disability (please specify:  ) Yes No  

s (1-3).  Learning Disability (please specify:  ) Yes No  

t (1-2). Genital yeast infection Yes No  

u (1-2). Pelvic inflammatory disease Yes No  

v (1-2). Abnormal Pap Smear Yes No  

w (1-2). Polycystic Ovarian Syndrome Yes No  

x (1-4). Sexually Transmitted Disease (please specify how many 
and diagnoses): 

Yes No  

y (1-3). Other (please specify:  ) Yes No  
 
6) Does    qualify and/or receive for free and reduced lunch at school? (if yes, circle 
one) 
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7) What is your zip code? ______ 
 
7) Which annual income best reflects your household’s family income:   
(a) $10,000 to $20,000 
(b) $20,000 to $35,000  
(c) $35,000 to $50,000  
(d) $50,000 to $75,000  
(e) $75,000 - $99,000 
(f) 100,000 or more 
 

8) What is the highest level of education you completed?  

(a) less than 7th grade 
(b) completion of 8th grade 
(c) 9th to 11th grade 
(d) high-school graduate 
(e) partial college or specialized training 
(f) bachelor’s degree 
(g) graduate degree 
 
9) What is the highest level of education your child’s father (or father figure) has completed?  
(a) less than 7th grade 
(b) completion of 8th grade 
(c) 9th to 11th grade 
(d) high-school graduate 
(e) partial college or specialized training 
(f) bachelor’s degree 
(g) graduate degree 
 
10) The following questions are about issues that might arise at school: 
a) Have teachers talked to you about any academic difficulties? Yes  No  
(If yes, please explain)___________________________________________________________________ 
 
 
b) Has    ever gotten in trouble for behavioral difficulties at school?  
Yes  No 
(If yes, please explain  ____ 
 
 
c) How many times has   been written up at school for 
behavioral or academic problems? (write a continuous number) 
In the past academic year?    Ever?  
  
 
 
11)   In what Math class is _____________ currently enrolled in? If not currently enrolled in a Math class, 
what was the last last Math class he/she completed?   (Example:  Pre-Algebra, Geometry, Algebra) 
___________________________________
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Appendix D: Medical Records Review 

Participant Number: CGM   Dates CGM was worn: 
MR Data Obtained by: Date Obtained: 

 
 

Medical Record Review (note each variable extracted from the medical records OR if information was not available) 
 
 

DOB:    
 

Sex: Male  Female 
 

Race/Ethnicity:    
 

Grade:    
 

Age at Diagnosis:    
 

Date of diagnosis:    
 

Duration of Diabetes:    
 

Weight:  
Date weight was recorded: 

 
Weight Percentile/SDS:    

 
Height:    

 
Date height was recorded:    

 
Height Percentile/SDS:    

 
BMI:   
BMI Percentile:    

 
Last Blood Pressure Reading: 

Date BP was recorded:    
 

Last HBA1C reading:     
Date of HBA1C:    

 
Insulin delivery Method (insulin pump vs. MDI) (NPH vs. lantus and rapid acting insulin for meals): 

 
 

(NPH vs. lantus and rapid acting insulin for meals):    
 

Insulin Basal vs. Bolus percent: 
 
 

List of Other Medications: 
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List of other Diagnoses: 
 
 
 
 
Tanner Stage: (Breast development if female)                   (Testicular size if male) 

 
Date Staging was last recorded:    

 
Any hospitalizations within the last year: Yes  No  If yes, how many?    

 
Microalbumin (last recorded):    

 
Presence of lipohypertrophy: None Mild Moderate Severe 

 
Positive Antibody Status:  Islet cell antibody GAD Insulin Other 

 
Number of finger stick glucose measurements per month (count number of sticks and divide by number of days): 

 
 

Print pump data closest to time of study entry (if same distance print both before and after): 
 

Family History:    
 

Zip Code:    
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Appendix E: Additional Study Procedures 
 

Consent Process and Initial Appointment.  
 

The families identified two teachers from whom behavior data could be gathered at the 

end of each of the next two weeks. The investigator provided training and instructions were to 

the participants on measures they would be completing daily for the larger study on areas of 

nutrition, blood glucose monitoring, sleep, and psychomotor vigilance. Clinic physicians 

conducted a brief medical exam, a continuous blood glucose monitor was inserted to track blood 

glucose controls, and they were given a watch that monitors sleep patterns. Finally, the research 

team member confirmed the dates and times for the remaining three appointments. The first of 

these appointments took place in the participants’ homes during one evening of the first week so 

the research team could hook the participant up to a polysomnography, a sleep study that gathers 

data on an individual’s neurological functioning during sleep. Participants could earn up to $50 

for participating in the study with the opportunity to earn an additional $10 if they were able to 

follow specific sleep instructions during the second half of the study. Guardians and teachers 

could each earn $10 for the participation. 

Week 1 Evaluation. 

 In addition to the tasks outlined in the main report, participants and guardians completed 

a number of other tasks. The guardian’s completed forms regarding their child’s sleep habits, 

blood glucose management, T1DM symptoms, behavior, and conflict with their family. The 

participant completed questionnaires about nutrition, physical activity, behavior, sleep habits, 

and quality of life. In addition to the assessments described in the main report, participants 

completed some curriculum-based measures. During this meeting, sleep data were analyzed and 

the participant was randomized into one of two sleep groups, received sleep hygiene 
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consultation, and were assigned a sleep schedule based on the group in which they were 

assigned. If the examiner determined the participant was successful in following this schedule, 

they could earn an additional $10. Polysonogram results were shared with a sleep expert who 

that analyzed the data and assisted the research team in providing the results as well as feedback. 

Week 2 Evaluation. 

 During the second week of the study, researchers again contacted teachers and requested 

they complete a second ratings form to determine if behavior changes occurred between the two 

weeks. The following weekend, a second evaluation took place to determine if the intervention 

had an effect of the measures administered. After the assessments and questionnaires were 

completed, researchers debriefed the participant and discussed sleep results with the family. 

Participants and guardians completed a brief satisfaction survey and the administrator then 

provided them with their financial compensation. Following this visit, researchers shared 

participant’s blood glucose results with a clinic physician so they could review the results with 

the families and provide feedback. 
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Appendix F: Study Variables 

Independent Variables 
Variable Respondent Responses 

 Have the participant experienced a traumatic event? 
   

  
Self-Report Yes / No 

 
  

Parent-Report Yes / No 
 

  
Either-Report Yes / No 

 Are responses consistent with possible PTSD? 
   

  
Self-Report Yes / No 

 
  

Parent-Report Yes / No 
 

  
Either-Report Yes / No 

 How many symptoms were endorsed? 
   

 
Criteria B: Reexperiencing/Intrusion Self-Report 0-5 

 
 

Criteria C: Avoidance and Numbing Self-Report 0-7 
 

 
Criteria D: Increased Arousal Self-Report 0-5 

 
 

Sun of Criteria's B, C, and D Self-Report 0-17 
 

     
 

Criteria B: Reexperiencing/Intrusion Parent-Report 0-5 
 

 
Criteria C: Avoidance and Numbing Parent-Report 0-7 

 
 

Criteria D: Increased Arousal Parent-Report 0-5 
 

 
Sun of Criteria's B, C, and D Parent-Report 0-17 

 
     What was the Total Symptom Score? 

   
 

Criteria B: Reexperiencing/Intrusion Self-Report 0-15 
 

 
Criteria C: Avoidance and Numbing Self-Report 0-21 

 
 

Criteria D: Increased Arousal Self-Report 0-15 
 

 
Sun of Criteria's B, C, and D Self-Report 0-51 

 
     
 

Criteria B: Reexperiencing/Intrusion Parent-Report 0-15 
 

 
Criteria C: Avoidance and Numbing Parent-Report 0-21 

 
 

Criteria D: Increased Arousal Parent-Report 0-15 
   Sun of Criteria's B, C, and D Parent-Report 0-51   
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Dependent Variables 
Variable Mean SD Data Type 
WASI-II 

   
 

Full Scale IQ (FSIQ) 100 15 SS 

 
Verbal Comprehension Index (VCI) 100 15 SS 

 
Perceptual Reasoning Index (PRI) 100 15 SS 

 
Vocabulary 100 15 SS 

 
Similarities 100 15 SS 

 
Block Design 100 15 SS 

 
Matrix Reasoning 100 15 SS 

     Cogstate 
   

 
Groton Maze (Executive Functioning) 100 15 SS 

 
Detection (Psychomotor, processing speed) 100 15 SS 

 
Identification (Visual attention) 100 15 SS 

 
One-Card Learning (Visual memory, learning) 100 15 SS 

 
One-Card Back (Attention, working memory) 100 15 SS 

 
Two-Cards Back (Attention, working memory) 100 15 SS 

     DKEFS 
   

 
Letter Fluency (Orthographic knowledge) 10 3 SS 

 
Category Fluency (Semantic knowledge) 10 3 SS 

 
Category Switching (Executive functioning) 10 3 SS 

     WJ-III-NU Ach 
   

 
Calculation 100 15 SS 

 
Letter-word Identification 100 15 SS 

 
Math Fluency 100 15 SS 

 
Passage Comprehension 100 15 SS 

 
Reading Fluency 100 15 SS 

 
Spelling 100 15 SS 

  Writing Fluency 100 15 SS 
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