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Abstract 

Mild head injury (MHI; concussion) is a major health concern worldwide as thousands of people 

each year suffer from an impact to the head or body sufficient to cause concussion. 

Acceleration/deceleration and rotational forces cause axons to stretch and tear, particularly in the 

area of the ventromedial prefrontal cortices (vmPFC), which in turn can attenuate physiological 

autonomic arousal and disrupt emotional regulation (Bechara, Damasio, & Damasio, 2000; 

Fisher, Rushby, McDonald, Parks, & Piguet, 2015; Pardini, Krueger, Raymont, & Grafman, 

2010). Diminished levels of visceral feedback leaves one at a disadvantage for predicting, 

anticipating and reacting to environmental events. Therefore, individuals with MHI are described 

as experiencing heightened or exaggerated reactions to situations as they are not psychologically, 

or physiologically, prepared for stressful events. Some of these overreactions may be viewed as 

aggressive, others may be viewed as symptoms of anxiety; and in fact, many studies indicate 

these to be common complications following head injury. Diagnoses of Generalized Anxiety 

Disorder (GAD) are particularly frequent in a head injury population, however its characteristics 

may not capture the symptoms individuals with MHI experience. Whereas worry or maladaptive 

anticipation of adverse outcomes are the cardinal features of GAD and, reportedly, serve to 

control the physiological reactions that accompany uncertainty (Behar, DiMarco, Hekler,  

Mohlman, & Staples, 2009; Roemer & Borkovec, 1993) an absence of hypervigilance and 

lessened alertness is more likely in persons with MHI. To examine these variances in symptom 

characteristics, 84 participants (39% with MHI) completed self-report measures of aggression, 

dimensions of anxiety (cognitive, affective, somatic), worry, and somatization. Electrodermal 

activation (EDA) was measured as an indicator of autonomic physiological arousal across 4 

phases of a stress manipulation (Initial Baseline, Anticipatory, Scare, Final Baseline). Having a 
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history of MHI was not associated with significant expressive/reactive aggression; those with a 

GAD diagnoses endorsed the most number of aggressive symptoms. Similarly, individuals with 

GAD reported the highest levels of anxiety across all anxiety measures and subtypes. However, 

in line with our predictions, students with MHI reported the highest levels of somatic anxiety 

symptoms relative to affective and cognitive symptoms, and somatic anxiety was positively 

correlated with severity of the injury (i.e., the more severe the injury, the higher levels of somatic 

anxiety reported). Further, as expected, whereas the GAD group reported the highest level of 

worry-related symptoms, neither a history of MHI, nor injury severity, was correlated with 

worry.  

While no significant difference between EDA levels was noted in the baseline or 

experimental conditions, the pattern of results across the manipulation was as anticipated with 

the MHI group displaying the lowest level at baseline and anticipation, and the largest reaction to 

the scare phase. The GAD group did not demonstrate the expected reduction in autonomic 

responsivity. However, EDA levels for the MHI group alone had a significant negative 

correlation to the Anticipatory phase and trending towards a significant positive correlation in the 

Scare phase. Together, these findings indicate a fundamental difference in types of anxiety and 

vigilance symptoms found in persons with GAD versus MHI. A dampened baseline and 

anticipatory physiological response can result in a decreased ability to predict outcomes, and 

exaggerated reactions, especially in times of uncertainty (Bechara et al., 2000; Damasio & 

Bishop, 1996). Frequent and ongoing behavioural outbursts are observed in persons with TBI 

(traumatic brain injury), but may reflect autonomic, as opposed to affective, underlying neural 

mechanisms. Acknowledging and understanding these subtle differences in symptom description 

can provide insight into more effective treatment paradigms. 
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Generalized Anxiety Disorder Following Mild Head Injury: An Investigation into the 

Relationship Between Physiological Underarousal and Symptoms of Anxiety 

 Traumatic brain injury (TBI) is a multidimensional injury with a wide range of 

presentations and symptoms. The impact a TBI may have on a person and his or her family can 

be confusing, distressing, and in some cases, devastating. TBI is the most common type of brain 

injury worldwide with over 10 million TBIs occurring annually across the globe, and more than 

57 million people being hospitalized with a TBI in their lifetime (Langlois, Rutland-Brown, & 

Wald, 2006). TBI has a greater incidence than that of spinal cord injury, multiple sclerosis, 

HIV/AIDS, and breast cancer combined, making it a global health concern (Langlois et al., 

2006). In Canada, approximately 500,000 TBIs occur each year, with incidence rates continuing 

to rise (Brain Injury Society of Toronto, 2018). Though brain injury is not always visible and 

may sometimes be deemed as minor, it is in fact complex, oftentimes resulting in physical, 

cognitive, emotional, and social consequences that can affect an individual briefly, or throughout 

their lifetime.  

 Severity of TBI can vary greatly and is conventionally measured across a broad 

continuum from mild to severe (Iverson & Lange, 2011; Moore, Terryberry-Spohr, & Hope, 

2006). Catastrophic or severe brain injuries are defined as an impact to the head or body that 

causes loss of consciousness (LOC) lasting longer than 24 hours, and/or posttraumatic amnesia 

(PTA; individuals cannot recall events postinjury) greater than 7 days. Severe brain injury can 

cause extensive functional limitations such paralysis, severely restricted mental functioning, 

serious emotional dysregulation, or even death (Iverson & Lange, 2011). Moderate brain injuries 

are defined by LOC greater than 30 minutes but less than 24 hours, as well as PTA lasting 

between 1 and 7 days. Moderate injuries may be characterized by corresponding degrees of 
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functional limitations, which present mostly in the form of reduced cognitive abilities and 

decreased emotional regulation (Iverson & Lange, 2011).  

 The term mild head injury (MHI) is used to describe any traumatic injury to the head, 

including mild traumatic brain injury (mTBI; Kay, Newman, Cavallo, Ezrachi, & Resnick, 

1992). For the purposes of this study, the definition of MHI has been adapted from the American 

Congress of Rehabilitation Medicine (ACRM) definition of mTBI and is synonymous with the 

term concussion (Kay et al., 1993). It is characterized by neuronal disruption resulting from a 

forceful motion of the head or impact to the head and causing any of the following symptoms: 

any period of PTA lasting less than 24 hours surrounding the event, a focal neurological deficit (a 

specific dysfunction of the nervous system [i.e., spinal cord, nerves, brain] such as speech, 

vision, or hearing related issues), and/or an altered state of consciousness, including any changes 

in the individual's mental functioning, such as disorientation, dizziness, confusion, or a LOC. 

Although LOC is oftentimes observed following an MHI, it is not required for diagnosis (Kay et 

al., 1993).  MHIs account for the majority of all head traumas, reportedly occurring at rates 

above 75%, and can result in a multitude of physical, emotional, and cognitive disturbances 

(Moore et al., 2006). An individual with MHI may experience slowed processing speed, poor 

attention or concentration, memory impairment, and emotional disturbances (Moore et al., 2006). 

The duration of symptoms such as these ranges from minutes following injury to months, or even 

longer in some cases, and may be referred to as Post-Concussive Syndrome (PCS) (e.g., Binder, 

1986; Gouvier, Cubic, Jones, Brantley, & Cutlip, 1992). For the majority of individuals, these 

symptoms fully resolve within a three-month period. For example, a recent meta-analysis found 

that many studies report no short- or long-term cognitive or behavioural deficits following head 

injury in children (Carroll et al., 2004); albeit these vary as a function of age-at-injury and 
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number of concussions (see McKinlay, 2014; Yumal & McKinlay, 2016). In adults, findings are 

consistent that cognitive changes following MHI are largely resolved by 3-months postinjury, 

however, results are mixed. That is, studies have reported resolution of self-reported cognitive 

and physical postconcussive symptoms from three-weeks postinjury and up to five-years 

postinjury (Carroll et al., 2004); indeed for a subpopulation of individuals with MHI 

(approximately 15%), these symptoms are not transient, with difficulties persisting beyond 5 

years, with some researchers suggesting permanent changes in functioning (Alexander, 1995; 

Kay et al., 1992; Moore et al., 2006).  

 MHI is very common. Various incidence rates have been reported, ranging from 100-300 

cases of hospital treated MHI per 100,000 worldwide each year, to approximately 653 per 

100,000 reported each year in Ontario (Carroll et al., 2004; Ryu, Feinstein, Colantonio, Streiner, 

& Dawson, 2009). However, approximations such as these may be an underestimation for a 

variety of reasons. Firstly, as noted above, many individuals do not visit a hospital for their 

injury, instead seeking treatment in physician’s offices making it possible that their injury is not 

included in estimations. Secondly, due to the subtle and often transient nature of MHI, those who 

do receive medical care may not be diagnosed. Finally, many individuals who sustain MHI do 

not report their injury or symptoms, and thus do not seek formal or documented care from 

medical professionals. All these factors combine to make MHI a major health concern, often 

referred to as a "silent epidemic" (Carroll et al., 2004; Langlois et al., 2006; Moore et al., 2006). 

Biomechanics of Head Injury 

 An MHI, not unlike a TBI, is the result of direct trauma due to a biomechanical force 

such as blow to the head, face, neck, or body, sufficient to cause impact to the brain (Iverson & 

Lange, 2011). Following the initial trauma, acceleration/deceleration and/or rotational forces are 
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incurred causing neuronal disruption in a variety of ways. Acceleration/deceleration forces occur 

when the head suddenly accelerates (e.g., hit to the head or body), and the stationary brain is 

struck by the cranium at the site of the blow referred to as the coup lesion. The contrecoup lesion 

occurs when the brain continues in a horizontal motion, impacting the skull in areas roughly 

opposite the initial impact (e.g., Iverson & Lange, 2011). In contrast, rotational acceleration 

injuries result from nonlinear forces that twist the brain within the skull. Upon impact, shear 

forces (i.e., unaligned forces) cause brain matter to move. Given that different areas and layers of 

brain tissue have different densities, these areas move across each other at differing speeds 

causing axonal disruption and dysfunction (e.g., Meaney & Smith, 2011). 

 Although linear acceleration injury and rotational acceleration injury often occur ‘in 

concert’, there are some key differences between them. Linear acceleration injury is often 

associated with focal brain injuries such as contusion, hematoma, and hemorrhage. A cortical 

contusion (bruise to the surface of the cortex) are most commonly noted in the orbitofrontal 

(OFC) and anterior portions of the temporal lobes, whereas hematomas (i.e., bleeding from 

damaged blood vessels on the surface of the brain beneath the skull), or hemorrhages (i.e., 

bleeding from damaged blood vessels within the brain tissue) typically occur at the site of impact 

(e.g., Courville, 1937). In contrast, rotational acceleration commonly results in diffuse (i.e., 

damage throughout many areas of the brain) brain injury including cerebral hypoxia (i.e., oxygen 

deprivation to the brain), cerebral edema (i.e., swelling of brain tissue due to accumulation of 

fluid in the intracellular and/or extracellular spaces of the brain), and, in particular, diffuse axonal 

injury ([DAI]; i.e., shearing, stretching, and tearing of brain tissue) (Giza & Hovda, 2001; 

Meaney & Smith, 2011). While less common, contusions and hematomas may be evident 

following MHI, several studies (e.g., Adams, Graham, Murray, & Scott, 1982; Gennarelli et al., 
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1982) have confirmed the importance of shear forces caused by rotational acceleration injuries as 

the predominant mechanism of injury in MHI (e.g., Smith, Meaney, & Skull, 2003; Meaney & 

Smith, 2011). 

Pathophysiology and Biochemistry of MHI  

Giza and Hovda (2001) have described the underlying pathophysiologic and biochemical 

processes following MHI in animal models, whereby following an injury to the head or body 

sufficient to cause disruption of neuronal membranes (i.e., stretching, shearing), there is a 

heightened release of glutamate as all neurons fire at once. This results in a significant ionic 

imbalance which promotes an increased need of energy (i.e., adenosine triphosphate [ATP]) as 

the system attempts to restore cellular homeostasis. However, the excess intracellular Ca++ also 

destabilizes mitochondrial functioning, and together with a reduction in cerebral blood flow, the 

system is unable to respond to the increased demand. The above noted pathophysiology 

demonstrates that MHI is associated with neuropathological and biochemical changes that may 

not be inconsequential. That is, it has been suggested that these complex metabolic changes may 

comprise the underlying pathophysiology of the various cognitive, affective, physiological, 

and/or behavioural impairments observed following MHI (Giza & Hovda, 2001; Greve & Zink, 

2009).  

Throughout the literature, it is well documented that moderate to severe TBI involves 

diffuse changes that may determine adverse outcomes (e.g., Smith et al., 2003; Gennarelli, et al. 

1982) and while these changes may be seen on conventional imaging, patients with mild DAI, as 

may be seen following MHI, often have unremarkable radiologic scans (e.g., computerized 

tomography [CT], magnetic resonance imaging [MRI]) (Iverson et al., 2000; Smith et al., 2003; 

but see Bigler & Bazarian, 2010). However, evidence of DAI following mild injuries has been 
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obtained using quantitative magnetic resonance (MR) methods, such as Diffusion Tensor 

Imaging (DTI) and proton MR spectroscopy. For example, Kirov et al., (2007) documented 

changes in metabolic indicators of DAI, including N-acetylaspartate (NAA), in patients with 

mTBI, using multivoxel proton MR spectroscopic imaging, indicating that mild injuries result in 

DAI in a manner similar to more severe head trauma, however to a more subtle degree (Kirov et 

al., 2007). Diffusion Tensor Imaging (DTI) is an MRI-based neuroimaging technique which 

makes it possible for researchers to estimate the location, orientation, and anisotropy of the 

brain's white myelinated fiber tracts (Belanger, Vanderploeg, Curtiss, & Warden, 2007; Bigler & 

Bazarian, 2010). Myelin is found to have a lower water solubility than the axon which it 

surrounds and provides indicators of water diffusion direction and structural integrity. 

Researchers in this area have identified reduced single direction diffusion, suggestive of 

neuronal/white matter degradation, in patients with mild head injuries (Bigler & Bazarian, 2010; 

Wilde et al., 2008). 

Vulnerable Brain Regions During and Following Injury 

 As noted, while all areas of the brain are susceptible to effects of head trauma, the OFC, 

and specifically the ventromedial prefrontal cortex (vmPFC), is particularly susceptible to 

acceleration/deceleration forces (Morales, Diaz-Daza, Hlatky, & Hayman, 2007). The prefrontal 

cortex is the most anterior portion of the brain, and as such, large forces may be applied to this 

area following even small movements at the level of the brainstem/neck as the inferior cortices of 

the vmPFC come into direct contact with the boney protrusions at the base of the cranium 

(Iverson & Lange, 2011; Morales et al., 2007). 

 The vmPFC can be functionally separated into two regions: the orbital network, and the 

medial network. The orbital network functions primarily as a sensory input area receiving 
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afferent connections from all sensory regions. The medial network of the vmPFC functions 

primarily as an output station, sending projections to subcortical structures involved in emotion 

and motivation. As such, this area of the vmPFC has connections to limbic structures including 

the amygdala and hippocampal regions, as well as structures involved in visceral functions such 

as the hypothalamus and brainstem (Nieuwenhuis & Takashima, 2011). Due to these vast cortical 

and subcortical connections, disruption to the vmPFC may affect numerous functions including 

inhibition, emotion regulation, decision making, and autonomic control (Bechara et al., 2000; 

Damasio, Grabowski, Frank, Galaburda, & Damasio, 1994). 

 The strength and importance of the bidirectional white matter pathway between the 

amygdala and the vmPFC in emotion processing has been well documented (e.g., Barbas, Saha, 

Rempel-Clower, & Ghashghaei, 2003; Croxson et al., 2005; Kim & Whalen, 2009). Although the 

precise mechanism remains uncertain, the predominant neural circuitry model proposes that the 

vmPFC has an inhibitory effect on the amygdala in order to regulate negative affect. Motzkin, 

Philippi, Wolf, Baskaya and Koenigs (2014) found support for this hypothesis by demonstrating 

that relative to control subjects, patients with vmPFC lesions exhibited significantly higher levels 

of amygdala activity in response to aversive images. Behaviourally, a disruption in this pathway 

between the amygdala and the vmPFC renders individuals less able to control their emotions, 

resulting in an increase in impulsive and aggressive behaviours (Damasio et al., 1994; Izquierdo, 

Suda, & Murray, 2005; van Elst, Woermann, Lemieux, Thompson, & Trimble, 2000).  

 The vmPFC has also been widely recognized for its involvement in successful decision-

making, particularly when coupled with expected rewards and punishments. Individuals with 

disruption to the vmPFC show impairments in social and personal decision making, despite 

demonstrating intact intellectual abilities (Bechara et al., 2000) particularly when the outcomes 
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are uncertain. Further, they demonstrate an impaired ability to learn from their mistakes, thereby 

repeating the mistake time and again, and will seek immediate rewards rather than waiting for 

potential future gains (Bechara et al., 2000).  

 Neuroimaging studies have also contributed to the evidence supporting the role of the 

vmPFC in decision making processes. Blood oxygen level dependant (BOLD) contrast fMRI, is 

based upon the premise that an increase in blood oxygenation is an indication of increased 

neuronal activity. Using BOLD fMRI, many studies have noted increased activity in the vmPFC 

during decision making tasks (e.g., Hare, Camerer, & Rangel, 2009; Heekeren, Wartenburger, 

Schmidt, Schwintowski, & Villringer, 2003; Kahnt, Heinzle, Park, & Haynes, 2011).  

 The vmPFC has also been implicated in the governance of visceral responses to 

emotional stimuli. The sympathetic nervous system (SNS), part of the Autonomic Nervous 

System (ANS), controls the body’s response to real, or perceived, threat and activates what is 

referred to as the “fight or flight response” (Cannon, 1929; Esterov & Greenwald, 2017). Neural 

signals originating from the thoracic and upper lumbar spinal cord are sent throughout the body 

using neurotransmitters acetylcholine and/or norepinephrine to ready the organism for fight or 

flight. Multiple visceral functions are altered during this process such as an increase in heart rate, 

blood pressure, and skin conductance levels (SCL)/electrodermal activity (EDA) (i.e., activity of 

sweat glands), a decrease in gastrointestinal activity, and dilation of the bronchioles and pupils 

(Esterov & Greenwald, 2017). Communication to and from the vmPFC is vital to this process, as 

many studies have demonstrated the importance of the vmPFC in the regulation of 

physiological/autonomic arousal (i.e.,  the state of being physiologically alert, awake, and 

attentive) (e.g., Zhang et al., 2014; Kuniecki, Wołoszyn, Domagalik, & Pilarczyk, 2017). 

Moreover, the vmPFC has been implicated in skin conductance variability in response to 
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emotionally evocative tasks or emotional stressors (e.g., Zhang et al., 2014; Milad et al., 

2007; Delgado, Nearing, LeDoux, & Phelps, 2008; Schiller, Levy, Niv, LeDoux, & Phelps, 

2008), indicating the importance of this area in both the maintenance and adaption of 

physiological arousal. 

 The brainstem is also highly vulnerable to injury, and in particular to rotational 

acceleration injuries, such as DAI. The central core of the brainstem contains distinct groups of 

cells, collectively known as the ascending reticular activating system (ARAS), activating 

subcortical structures, such as the hypothalamus and thalamus, and the cerebral cortex (Nolte, 

2009). This area plays a vital role in regulating levels of consciousness (e.g., hyper-alertness 

[vigilance], alertness [normal state of wakefulness], lethargy or fatigue, coma or persistent 

vegetative state), through its control and regulation of respiration, heart rate and blood pressure 

(Jellinger, 2009). Indeed, focal lesions in the brain stem region lead to various disorders of 

arousal and consciousness including autonomic arousal disorder (i.e., AAD - chronic 

physiological arousability characterized by increased heart rate and respiration) or coma (i.e., 

prolonged state of unconsciousness whereby the individual cannot be aroused) (e.g., Filley & 

Filley, 2011), highlighting the importance of this area in regulating autonomic arousal levels.  

 Physiological Underarousal Following Head Injury  

 Given the  well-established involvement of the vmPFC in regulating physiological 

arousal levels, damage to this area may result in disrupted communication between the vmPFC 

and other structures involved in maintaining autonomic arousal, such as the brain stem and 

hypothalamus, thus interfering with physiological arousal, in particular, by reducing levels of 

alertness and increasing levels of fatigue (e.g., Pardini, Krueger, Raymont, & Grafman, 2010). 

As such, researchers have investigated brain injury-related fatigue as a measure of a reduced 
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normative state of alertness, and found that individuals with vmPFC lesions were significantly 

more fatigued than healthy controls or those with dorsolateral PFC lesions, and further, vmPFC 

volume was positively correlated with fatigue scores, such that the extent of damage to the area 

predicted the severity of fatigue. 

 Research has also examined SCL/EDA as an indicator of autonomic arousal levels 

following vmPFC impairment and found similar results. For example, Fisher, Rushby, 

McDonald, Parks, and Piguet, (2015) and Blair and Cipoletti (2000) demonstrated that 

individuals with vmPFC dysfunction exhibit significantly lower SCL at rest as well as lower 

arousal responses (i.e., lessened SCL increase) to emotional stimuli, than those without injury.  

 Attenuated physiological responses, as indicated by resting levels of EDA, have also been 

noted in university students who report a history of MHI in comparison to a non-injured cohort 

(e.g., Alcock, Gallant, & Good, 2018; Baker & Good, 2014; Murray & Good, 2017). In 2018, 

Alcock, Gallant, and Good noted that a self-reported history of MHI was found to be a 

significant predictor of resting state (i.e., baseline) EDA in a sample of university students. 

Specifically, students who self-reported experiencing a previous MHI demonstrated significantly 

lower levels of baseline arousal (as measured by EDA) compared to those who did not endorse 

this same history. Similarly, Gallant, Barry, and Good (2017) investigated MHI history, 

physiological arousal, and athletic status in a university population and found that a history of 

prior MHI significantly predicted EDA amplitude independent of athletic status, such that those 

students who self-reported a history of MHI exhibited significantly lower levels of baseline 

physiological arousal compared to those without a prior MHI. Further, it has been found that 

EDA levels vary across the injury severity spectrum, such that those with greater levels of injury 

severity have been found to significantly correlate with lower levels of baseline EDA amplitude 
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(e.g., Gallant, Barry & Good, 2017, 2018; Robb & Good, 2016). Specifically, Robb and Good 

(2016) investigated the relationship between an index of various indicators of injury severity 

(e.g., number of head injuries, duration of LOC and PTA) and baseline levels of EDA in 

university students with MHI, as well as community members who had sustained more moderate 

and severe head injuries. Results revealed a negative relationship between the severity of head 

injury and EDA levels, such that, a higher number of head injury indicators was significantly 

correlated with lower resting state physiological arousal. Thus, the relationship between head 

injury and attenuated physiological arousal levels as indicated by EDA amplitude, at rest, has 

been repeatedly observed in a university population.  

Notably, research has also shown that students who report a history of MHI, although 

physiologically underaroused (relative to a healthy cohort) at baseline, can exhibit a 

physiological response to stress (e.g., Jung & Good 2007). In Baker and Good (2014), students 

were asked to complete a subtraction task under stressful conditions while their EDA amplitude 

was measured. They found that students in both MHI groups (i.e., altered state of consciousness 

and loss of consciousness) demonstrated lower baseline and pre-stressor levels of EDA relative 

to their non-injured cohort. While anticipating the stressor, all individuals responded with 

increased EDA, however the non-MHI group demonstrated a much greater response to the 

impending stressor and a prolonged arousal activation relative to the MHI groups. Similarly, 

Robb & Good (2012) found lower EDA levels at baseline in students with MHI relative to 

controls, with slightly increased EDA during an anticipation phase of an emotionally-provocative 

stressor, at a significantly lower rate, relative to controls. This was followed by a significantly 

faster return-to-baseline level of arousal for students with MHI, relative to controls, again 
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indicating that these individuals are able to react physiologically, yet the arousal is not 

maintained. 

The Relationship Between Arousal and Behaviour 

The Yerkes Dodson curve (1908) illustrates the relationship between physiological 

arousal and optimal behaviour or performance. The inverted U function of this relationship 

indicates that appropriateness of behaviour (i.e., behaviour suitable to the current context or 

situation, including physical, cognitive, and emotive responses) increases with physiological 

arousal until optimal arousal is reached (Yerkes and Dodson, 1908). Overstimulation/overarousal 

can have detrimental consequences such as decreased concentration, difficulty making decisions, 

anxiety, and panic, which can then have a negative impact on performance. Suboptimal levels of 

arousal, as are noted in an MHI population, can lead to decreased levels of appropriate behaviour 

including a lack of motivation, fatigue, and emotion dysregulation. Dampened arousal levels are 

associated with disruption between neural structures involved in these processes (i.e., vmPFC, 

brain stem), and are accompanied by improper reasoning and decision-making, and difficulty 

regulating emotions. Further, given the importance of the Autonomic Nervous System (ANS) in 

guiding cognition and decision-making (e.g., the Somatic Marker Hypothesis [SMH]; Damasio 

& Bishop, 1996), chronic dampened arousal constitutes a disadvantage in behaviour.   

 After observing the behaviour of multiple frontal lobe patients, Antonio Damasio and 

colleagues (e.g., Bechara et al., 2000; Damasio, Tranel, & Damasio, 1990) describe a process 

whereby input, referred to as a somatic marker, is sent from the vmPFC to the brainstem and 

ANN producing a ‘gut feeling’ (i.e., a basic autonomic feeling or reaction without rational 

explanation) - an emotional and physiological feeling within the body. The SMH suggests that 

somatic markers formed by the vmPFC provide the brain with additional information, beyond 
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cognition, relevant to the current situation and help to provide context, particularly in conditions 

of uncertainty. These markers provide physiological (increased oxygen and glucose uptake), 

emotional (vigilance) and memory access (alertness) to the current context. A reduction in the 

availability of this information reduces attention and emotion contagion; and is associated with 

error-prone decision-making due to a lack of emotional insight and as such are based on 

cognition alone (Bechara et al., 2000; Damasio et al., 1994; Damasio, 1996). Further, it may also 

negatively affect the individual’s ability to appropriately anticipate future events, leading to 

frequent unexpected outcomes which may in turn, elicit an inappropriate response to the 

situation. An individual without disruption to the vmPFC, may approach uncertain situations with 

apprehension and may be more aware of the possible outcomes, and as such, be better prepared 

for various possible outcomes. An individual with disruption to these areas may less vigilant or 

prepared and react with surprise and alarm when confronted with uncertain situations. Moreover, 

the individual may consequently display a heightened reaction to the situation that may be 

viewed as excessive, or even aggressive, in nature. 

The Frustration-Aggression Theory (FAT - Dollard, Miller, Doob, Mowrer, & Sears, 1939) 

also describes the relationship between behaviour and physiological arousal. Berkowitz’s (1989) 

adaptation of the FAT is particularly relevant to the MHI population. He stated that aversive 

events (e.g., unexpected outcomes) evoke negative affect (including frustration) and that this 

negative feeling automatically gives rise to a variety of thoughts, feelings, and memories that are 

associated with fight or flight tendencies. During the fight or flight response, the body is flooded 

with adrenaline and cortisol via the amygdala, hypothalamus, and pituitary (Kalat, 2015), which 

in turn may generate aggressive inclinations. Thus, individuals with a history of MHI, who are 

less anticipating of events in their environment, become frustrated when they encounter an 
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unexpected situation or outcome, and may react to this unexpected outcome in a negative 

surprise or aggressive fashion.  In support of this hypothesis, a study by Kreutzer, Seel, & 

Gourley (2001) found frustration to be a common complaint in a TBI population, with 41% of 

patients reporting being frustrated often or all the time. Similarly, Starkey et al. (2018) reported 

frustration as one of the most common complaints endorsed by 30% of the patients up to 24-

months post-TBI with approximately 30% of individuals, indicating that frustration is not limited 

to the acute postinjury recovery phase and may in fact be an ongoing challenge for these 

individuals. 

Thus, individuals who have experienced an MHI may be physiologically underaroused at 

rest, and not anticipate certain contexts, then experience an unexpected event resulting in an 

exacerbated reaction. These situational over-reactions may be associated with feelings of 

frustration and ultimately aggressive tendencies. 

Aggression Following Head Injury 

 In fact, aggressive behaviour following head injury has been documented in the TBI 

literature. Aggression is a prevalent psychiatric complication following head injury with 

approximately 25 to 35% of individuals displaying aggressive behaviours in the months and 

years following injury (Aaronson & Lloyd, 2015; Tateno, Jorge, & Robinson, 2003). Aggression 

may inhibit the patient from receiving the therapeutic care they need and may limit involvement 

in their rehabilitation program (due to self, or other, harm). Aggressive behaviour is also 

associated with difficulties in social and vocational relationships and reintegration, as well as 

with an overall reduction in quality of life (Aaronson & Lloyd, 2015; Tateno et al., 2003). 

Moreover, aggression following injury often persists years beyond the acute period (Baguley, 

Cooper, & Felmingham, 2006). 
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 Importantly, reactive aggression is more common than proactive aggression following 

TBI (Baguley et al., 2006; Dyer, Bell, McCann, & Rauch, 2006). Where proactive aggression 

represents planful and goal-oriented aggression, motivated by external reward, reactive 

aggression reflects an attenuated ability to regulate behaviour and is characterized by impulsivity 

that occurs in response to perceived threat. In these cases, minimal provocation results in a verbal 

or physical aggressive reaction often out of proportion to the event that triggered it (Baguley et 

al., 2006). Impulsive aggression such as this is reported as the principal type of aggressive 

behaviour following TBI (Greve et al., 2001; Dyer et al., 2006). Further, disinhibition of 

aggressive tendencies following TBI is associated with disruption to the prefrontal cortical areas 

(e.g., vmPFC, orbitofrontal cortex) involved in regulating impulse control (e.g., Greve et al., 

2001; Dyer et al., 2006; Greve et al., 2002). 

Similar findings have been noted in persons with MHI. Epstein et al. (2016) found that MHI 

patients at least 1-year postinjury endorsed significantly higher levels of overall aggression 

compared to healthy control group. Gallant, Barry, and Good (2018) noted that university 

athletes with a history of concussion were found to endorse significantly higher levels of reactive 

aggression relative to their matched cohort. Further, they found a relationship between 

aggression and physiological arousal (as measured by EDA) following MHI, whereby autonomic 

arousal levels were found to partially mediate the relationship between injury severity and 

physical reactive aggression. Specifically, athletes who reported more indicators of injury 

severity (i.e., overnight stay in hospital, stitches) displayed the lowest levels of autonomic 

arousal, which in turn accounted for the highest levels of physical reactive aggression (Gallant et 

al., 2018). In the absence of evident or substantive physiological somatic markers and, the 

resulting reduced anticipation of outcomes, these individuals are more vulnerable to a heightened 

https://journals-scholarsportal-info.proxy.library.brocku.ca/search?q=Kevin%20W.%20Greve,%20Elisabeth%20Sherwin,%20Matthew%20S.%20Stanford,%20Charles%20Mathias,%20Jeff%20Love,%20Paul%20Ramzinski&search_in=AUTHOR&sub=
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startle response which may be reflected behaviorally as excessive or reactive. Moreover, 

repetitive and ongoing startle responses and aggressive reactions, may resemble, and be 

interpreted as, symptoms of anxiety. 

Anxiety Following Head Injury 

 Anxiety disorders are a common psychological complication following head injury with 

up to 70% of individuals being diagnosed following injury (Hibbard, Uysal, Kepler, Bogdany, & 

Silver, 1998; Hsieh et al., 2012). Anxiety disorders post-injury render individuals more likely to 

face difficulties in interpersonal relationships, occupational activities, and independent living 

skills making it an important predictor of poor psychological and social outcomes following head 

injury (Draper, Ponsford, & Schoenberger, 2007; Hsieh et al., 2012). While there are various 

anxiety disorders with which an individual with head injury may be diagnosed (e.g., Panic 

Disorder [PD], Post-Traumatic Stress Disorder [PTSD], Obsessive-Compulsive Disorder 

[OCD]), the most common is Generalized Anxiety Disorder (GAD). A recent meta-analysis 

conducted in 2016 by Osborn, Mathias, and Fairweather-Schmidt reported that across 41 studies, 

approximately 11% of individuals were diagnosed with GAD following head injury. This rate is 

more than double that in the general population (5%), indicating this group is at an increased risk 

of developing anxiety post-injury. Further, prevalence estimates were found to increase along 

with the severity of the head injury, with more severe head injury populations reporting GAD 

rates of approximately 15% (Osborn, Mathias, & Fairweather-Schmidt, 2016). 

 Although few studies have examined the relationship between anxiety disorders and MHI 

exclusively, comparable results have been reported. In 2001, for example, Mooney and Speed 

found a 21% increase from pre- to post-injury diagnoses of anxiety disorders. The majority of 

studies investigating anxiety following head injury have focused on categorical diagnoses (i.e., 
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PTSD, GAD, PD, etc.) rather than types and levels of specific anxiety symptoms. However, 

given the complexity of factors involved in the presentation of anxiety following MHI, 

traditional categorical diagnoses may be less valid than for those in the general population. 

Indeed, it may be more useful to examine anxiety symptoms across subtype, rather than as a 

collection. Researchers in this area have subdivided anxiety symptoms into three categories: 

somatic, affective, and cognitive (e.g., Morey, 2007 – Personality Assessment Inventory [PAI]). 

Somatic symptoms may include fatigue, changes in sleep pattern, shortness of breath, nausea, or 

edginess. Affective symptoms may include hopelessness, or feeling self-conscious or fearful, and 

cognitive symptoms include lack of concentration, memory loss, repetitive thinking, and feeling 

overwhelmed (Morey, 2001). Murray and Good (2017) investigated these subtypes of anxiety 

within a university population in order to detect differences as a function of head injury status 

(i.e., MHI/non-MHI). History of MHI was obtained via self-report using criteria adapted from 

Kay et al. (1993) and students were matched on the basis of age, sex, and level of education. 

Students completed the PAI, which includes a total anxiety subscale comprised of three 

additional anxiety-specific subcomponents (i.e., Somatic, Cognitive, Affective). The results 

indicated that those who reported a history of MHI endorsed significantly higher levels of 

somatic anxiety symptoms than their non-injured cohort (Murray & Good, 2017). Wood, 

O’Hagan, Williams, McCabe, and Chadwick (2014) examined the self-report responses of 61 

patients with mTBI and 61 demographically matched healthy controls on the Anxiety Sensitivity 

Index (ASI; Reiss, Peterson, Gurskey, & McNally, 1986) which consists of items reflective of 

the individual’s experience of anxiety-related somatic symptoms. Items include statements such 

as ‘when my stomach is upset, I worry I might be seriously ill’, ‘when I feel pain in my chest, I 

worry I’m going to have a heart attack’ and ‘it scares me when my heart beats rapidly’. Similar to 
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the Murray and Good study, patients with mTBI reported significantly higher levels of anxiety-

related somatic symptoms relative to a non-clinical control group.  Taken together, these findings 

suggest that the type of anxiety experienced by individuals following MHI may be fundamentally 

different than that experienced by those without this same history.  

Importantly, the somatic symptoms of anxiety frequently experienced and reported in an 

MHI population are mirrored in a common categorical anxiety disorder, leading to possible 

frequent misdiagnoses of symptoms. The Diagnostic and Statistical Manual of Mental Disorders 

– Fifth Edition (DSM-5) (American Psychiatric Association, 2003) criteria for a diagnosis of 

Generalized Anxiety Disorder (GAD) illustrates a similarity in symptoms between these two 

conditions. For example, for a diagnosis of GAD, three or more of six common symptoms, many 

of which are somatic in nature, must be present (i.e., muscle tension, irritability, difficulty 

concentrating, difficulty falling and/or staying asleep, fatigue or tiring easily, and feeling edgy or 

restless). As noted previously, individuals with MHI display a tendency to report more somatic 

symptoms of anxiety; thus, the likeness of overlapping symptomatology between these two 

conditions is evident, and as such, the fact that GAD is the most common anxiety diagnosis 

following head injury at rates more than double that of the general population (Mooney & Speed, 

2001; Moore et al., 2006; Osborn et al., 2016; Wittchen & Hoyer, 2001) may be reflective of this 

overlap. Importantly, there is an additional component to a diagnosis of GAD that may not be 

present following head injury but must be present for a proper diagnosis of GAD to be made, 

namely maladaptive anticipation, or worry, of adverse or uncertain outcomes (American 

Psychiatric Association, 2003). This may be a critical difference in the two populations and is a 

focus of the current thesis. 
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Worry about various events throughout life is normal, however individuals with GAD are 

plagued by maladaptive anticipation or worry of adverse or uncertain outcomes (Crocq, 2017; 

Wittchen, 2002; Wittchen & Hoyer, 2001). Further, individuals with GAD display aberrant 

anticipatory neural responses when predicting future events (Nitschke et al., 2009). Research on 

the underlying neural mechanism of normative anticipation of unknown stimuli has implicated 

the previously described prefrontal cortex and amygdala. Studies of individuals with GAD have 

demonstrated an abnormality in this circuitry whereby they demonstrate greater activity in the 

bilateral dorsal amygdala (involved in processing of potentially threatening or dangerous stimuli) 

preceding both aversive and neutral pictures than comparison subjects. This increase in 

amygdalar activity was present only during the anticipatory phase, indicating that perhaps the 

onset of any cue presented in the context of uncertainty may signal aversion, thereby activating 

an amygdalar response, and alerting the individual with GAD to the mere possibility of a 

negative outcome (Nitschke et al., 2009). This research indicates that in addition to threatening or 

dangerous stimuli, individuals with GAD also find uncertain or ambiguous situations to be 

stressful and upsetting and, thus, is representative of the anticipatory anxiety and worry that are 

cardinal features of this disorder. 

The Intolerance of Uncertainty Model (IUM) of GAD may provide a framework to 

explain how individuals with GAD attempt to manage these uncertain or ambiguous situations, 

and its related physiological responses (e.g., faster heart rate, increased respiration, etc.) that 

occur in these types of situations. According to this model, individuals with GAD are intolerant 

of uncertain or ambiguous situations and the resulting autonomic responses, finding them to be 

extremely upsetting and stressful. Negative and ambiguous, and indeed potentially neutral, 

stimuli are viewed as threatening; therefore, these individuals engage in chronic worry as a form 
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of cognitive processing. The heightened worry and hypervigilance is viewed to be an attempt to 

cope with/prepare for/prevent the feared events. Worry becomes a strategy for these individuals 

to shift their attention away from the perceived threat, and acts to suppress the accompanying 

autonomic arousal both negative and positive, of which these individuals are intolerant (Behar, 

DiMarco, Hekler, Mohlman, & Staples, 2009; Roemer & Borkovec, 1993). Indeed, many studies 

have indicated that individuals with GAD respond to psychological stressors with autonomic 

inflexibility (i.e., decreased variability) across various indicators of autonomic arousal 

(Borkovec, Lyonfields, Wiser, & Diehl, 1993; Hoehn-Saric, McLeod, & Zimmerli, 1989a; 

Hoehn-Saric et al., 1989b). Although patients with GAD frequently endorse experiencing many 

physiological symptoms of stress, they demonstrate reduced variance in range of autonomic 

responding for heart rate, heart inter-beat interval (IBI), skin conductance, and respiratory sinus 

rhythm (Borkovec & Hu, 1990; Borkovec et al., 1993; Hoehn-Saric et al., 1989a; Hoehn-Saric, 

McLeod, & Zimmerli, 1989b). Baseline differences are equivocal (see Fisher, Granger, & 

Newman, 2010) and may be higher, or no different from controls, but vary little despite changes 

in context.  

In a study by Hoehn-Saric, McLeod, and Zimmerli (1989b), 20 female patients with GAD 

were matched with a group of non-anxious controls and compared on a battery of 

psychophysiological assessments (skin conductance, heart inter-beat interval, blood pressure, and 

respiration). Researchers found that during baseline testing the women with GAD did not differ 

from controls on autonomic measures, however during psychological stress tasks, patients with 

GAD showed a weaker response with a narrower range, in both skin conductance and heart rate, 

than controls.  
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Unlike individuals with MHI who demonstrate a reduced level of physiological arousal at 

baseline, and who do react to stressors with increased autonomic arousal, findings such as these 

suggest that sympathetic inhibition, rather than enhancement, occurs in patients with GAD 

during performance stress. The difference between these groups in autonomic responses 

particularly during performance stress questions whether the underlying neural mechanism is the 

same in each of these populations.  

The Present Study and Hypotheses 

 In summary, post-TBI complications such as anxiety and aggression are common 

psychiatric complaints across the continuum of brain injury, including those with MHI, and 

provide barriers to treatment and recovery, compounding an already complex array of obstacles 

patients encounter from the head injury alone (Draper et al., 2007; Hsieh et al., 2012; Mooney & 

Speed, 2001).  

 Decreases in physiological and emotional signals from the body, due to vmPFC 

dysregulation, negatively impact the individual’s ability to anticipate a likely course of action or 

outcome (e.g., Bechara, Damasio, Damasio, & Anderson, 1994; Ciaramelli, Muccioli, Ladavas, & 

di Pellegrino, 2007). This decreased capacity for appropriately anticipating future events leaves 

the individual unprepared when events do occur and result in anxious-like behaviour, which can 

be manifested as frustration, irritability, and aggressive reactions. Ongoing overreactions to 

unexpected stimuli and situations may be interpreted by the individual as somatic symptoms of 

anxiety. None the less, this anxiety may be fundamentally different from the anxiety experienced 

by individuals with GAD, a common diagnosis following head injury. 

 Therefore, the goal of the present study is to examine the potential differences in the 

qualitative and physiological indicators of anxiety in persons who have experienced an injury to 
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the head, versus those who have not. In order to investigate these variances, persons with impact 

MHI, those who have GAD, and those who have neither were exposed to an anxiety-provoking 

event to examine their physiological reactions. In addition, measures of anxiety were obtained in 

order to examine the relationships between experiential, state and trait anxiety for each of the 

groups.  

Hypotheses 

Hypothesis 1:  Individuals who report a history of MHI will demonstrate a decreased 

physiological arousal response at baseline, compared to those without head injury (as indicated 

by lower responsivity on a physiological measure of electrodermal activity [EDA]) and 

decreased perceived arousal/stress (as indicated by lower ratings of stress, arousal, and 

somatization on self-report measures). Further, individuals without MHI, who meet diagnostic 

criteria for GAD (as indicated by affirmative responses on the SCID-5) will report the highest 

levels of perceived stress and arousal.  

Similarly, it is expected that individuals who report a history of MHI will present a 

reduced physiological response compared to those without injury (as indicated by lower 

responsivity on a physiological measure of electrodermal activity [EDA]) to the Anticipatory 

phase of an arousal manipulation (i.e., Dark Alley Stress Manipulation), but an increased 

response relative to those without MHI (as indicated by higher responsivity on a physiological 

measure of electrodermal activity [EDA]) during the Stress phase of the arousal manipulation. 

This increase in arousal for persons with MHI is expected to be short-lived and will return to 

baseline levels more quickly than individuals without. Due to previous research indicating an 

autonomic inflexibility in non-injured persons with a diagnosis of GAD, we expect these 

individuals to display a restricted range of arousal in response to the stress manipulation in both 
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the Anticipatory and Stress phases. Finally, given the predicted reduction in autonomic response 

to the manipulation, it is expected that these individuals will display a quicker rate of 

physiological recovery following arousal relative to those without this same diagnosis.  

Hypothesis 2: Consistent with the Somatic Marker Hypothesis, a decrease in somatic 

markers that prepare one for vigilance and awareness (as a result of decreased connectivity 

between vmPFC and subcortical structures involved in regulating physiological arousal) results 

in psychological and physiological unpreparedness; thus, event outcomes are neither predicted, 

nor anticipated, by the individual and a startle response ensues. This over-reactivity (i.e., 

surprize/shock) may be viewed as a frustration/agitation response, and is sometimes sufficiently 

exacerbated to evoke aggression. Within the Frustration-Aggression framework, frustration is 

argued to increase the tendency for reactive aggression. Thus, individuals with a history of MHI 

are expected to have the least capacity for anticipation and, thereby, endorse the highest levels of 

reactivity, including reactive aggression (as indicated by higher ratings of aggression on self-

reported measures), relative to those without this same history. 

Hypothesis 3:  Ongoing startle responses following unexpected or unanticipated events as 

experienced by persons with MHI may be described and interpreted as symptoms of somatic 

anxiety (e.g., fatigue, changes in sleep pattern, shortness of breath, nausea, or edginess). It is 

therefore expected that although non-injured persons with GAD will endorse the highest levels of 

anxiety symptoms overall, individuals with self-reported MHI will report more somatic, rather 

than cognitive or affective, symptoms of anxiety (as indicated by higher ratings of anxiety on 

self-reported measures). In addition, due to an expected reduced baseline physiological arousal 

level, relative to individuals without MHI, it is expected that persons with MHI will produce 

lower levels on measures of state, compared to trait, anxiety. 
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Hypothesis 4:  Given that experiencing chronic worry is required for a diagnosis (as 

outlined in the DSM-5) of GAD to be made, it is expected that non-injured individuals with a 

diagnosis of GAD (as indicated by affirmative responses on the SCID-5) will endorse the highest 

levels of worry (as indicated by higher ratings of worry on a self-reported measure) compared to 

other groups. Further, given the anticipatory nature of worry, and the decrease in physiological 

preparedness persons with MHI tend to experience, individuals with MHI are not expected to 

display a tendency to worry (as indicated by lower ratings of worry on a self-reported measure).  

Method 

Participants 

 Eighty-four Brock University undergraduate students were recruited to participate in the 

study via poster advertisements (See Appendix A) and through the Psychology Department 

Research Website (SONA). The majority of the sample was female (n = 74), with a mean age of 

21.93 years (SD = 6.142). Students were not recruited based on either head injury or anxiety 

status to avoid diagnosis threat, as previous research has suggested that prior knowledge of this 

interest can bias recruitment of participants and the reporting of their respective symptoms (Suhr 

& Gunstad, 2002; 2005; Rohling, Green, Allen, & Iverson, 2002). Students were informed that 

the purpose of the study was investigating the relationship between physiology, personality, and 

affect, and questions relating to head injury were embedded within multiple health-related 

questions in the everyday living demographic questionnaire (Appendix A). A Chi-square test of 

independence indicated that student education, χ² (6) = 1.778, p = .939, parental education, χ² (4) 

= 5.711, p = .222 (maternal), χ² (4) = 1.782, p = .776 (paternal), and parental income, χ² (8) = 

3.359, p = .910, did not differ as a function of head injury status1. In addition, no differences in 

 
1 The Everyday Living Questionnaire reported categorical levels of these variables, therefore Chi-squared tests of 

independence were performed. 
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sex were noted between the groups, χ² (1) = .002, p = .961, and both groups had a similar mean 

age, t (82) = .603, p = 548. 

 The MHI group consisted of 33 (39%) individuals who self-identified as having 

previously experienced either: a head injury sufficient to alter their state of consciousness (i.e., 

feeling dizzy, vomiting, seeing stars) or a concussion. Participants were considered to have a 

history of an MHI if they responded ‘yes’ to either question, as previous studies have revealed 

that some participants who did not report an altered state of consciousness, reported having 

sustained a concussion (e.g., Blyth & Bazarian, 2010). Over three quarters of MHI participants 

(81.3%, n = 26) reported occurrence of head injury to be prior to the age of 18, with the most 

common causes of injury reported as falling (42.4%, n = 14) and sports-related (36.4%, n = 12). 

Most students (81.8%, n = 27) reported the location of injury to be the front or back of the head 

and approximately half of the students 54.5% (n = 18) sought medical treatment for their injury. 

Additionally, just under half of students (42.4%, n = 14) indicated that they had suffered from 

more than one head injury or concussion. A summary of injury characteristics can be found in 

Table 1.   

Table 1 

Frequencies of Reported Injury Characteristics Within the MHI Group 

______________________________________________________________________________ 

                         MHI 

               (n = 33) 

______________________________________________________________________________ 

 Variable:               

                           Percentage (n) 

______________________________________________________________________________ 

Injury Characteristics 

 Symptoms > 20 Minutes      54.5 (18) 

 Evidence of Skull Fracture      0 (0) 
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 Loss of Consciousness       30.3 (10)2 

  Less than 5 minutes      21.2 (7) 

  Less than 30 minutes      12.1 (4)   

 Medical Treatment for Injury      54.5 (18) 

  Visit to Emergency Department    36.4 (12) 

  Visit to Health Professional     27.3 (9) 

  Stitches to head/face      9.1 (3) 

  Stitches elsewhere      0 (0) 

  Brain scan completed      21.2 (7) 

  Overnight stay at medical care facility (single night)  9.1 (3) 

  Overnight stay at medical care facility (2 or more nights) 3.0 (1) 

  Bone fracture       3.0 (1) 

  Soft tissue injuries      0 (0) 

  Surgical intervention related to head trauma   0 (0) 

  Other surgical intervention     0 (0) 

  Additional medical follow-up required   21.1 (7) 

 More than 1 injury       42.4 (14) 

 

Differences in Reported Neurological and Psychiatric Conditions as a Function of MHI Status  

Of the 84 participants, the majority did not self-identify a diagnosis of either a 

neurological or psychiatric condition (94% and 73.8%, respectively). Slightly more students with 

 
2 One participant did not provide information regarding the duration of unconsciousness despite indicating a loss of 

consciousness. 
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MHI reported a neurological diagnosis than did students without MHI, χ² (1) = 3.695, p = .055, 

however, significantly more students with MHI reported a psychiatric diagnosis than did students 

without, χ² (1) = 7.410, p = .006. Of the individuals in the entire sample who indicated they 

suffered from a psychiatric condition, 19% self-reported an anxiety diagnosis. Over forty percent 

(41.6%) of the total sample met diagnostic criteria for GAD using a semi-structured interview 

conducted by our researcher. Moreover, individuals with a history of MHI were significantly 

more likely to meet the criteria for a diagnosis of GAD than were their healthy cohort χ² (1) = 

5.660, p = .017 (see Table 2).3 

Table 2 

Frequencies of Individuals with Reported Neurological Conditions, Psychiatric Conditions, and 

GAD Diagnoses 

     Non-MHI   MHI 

 Percentage (n)   (n = 51)              (n = 33) 

 

Neurological Condition  2.0 (1)    12.1 (4) 

Psychiatric Condition   15.7 (8)   42.4 (14) 

 Anxiety (self-identified) 13.7 (7)   27.3 (9) 

Prescribed Medication  5.9 (3)    15.2 (5) 

GAD (as per diagnostic interview) 31.4 (16)   57.6 (19) 

 

 
3 Participants with a history of MHI who also met the diagnostic criteria for GAD using the Structured Clinical 

Interview for DSM-5 Disorders (SCID-5) were placed in the MHI group for all main analyses. Key analyses were 

also run using a 2 x 2 group format (MHI/Non-MHI, GAD/non-GAD). 



GENERALIZED ANXIETY DISORDER FOLLOWING MILD HEAD INJURY  28 
 

 
 

 Participants were tested in an individual format in a testing room in the Brock University 

Lifespan Centre. All participants received two research participation credits for use toward 

applicable Psychology courses. Data collection commenced upon receiving approval from Brock 

University’s Research Ethics Board (see Appendix A). 

Materials 

 Self-report measures. 

 Anxiety.  

Personality Assessment Inventory - Anxiety (ANX) (PAI; Morey, 2007). Participants 

completed 336 items of the PAI which consists of 22 non-overlapping scales. In this study, we 

focussed on the ANX scale. The ANX scale measures general feelings of tension, worry and 

nervousness and categorizes these symptoms into the three subscales of Cognitive, Affective, and 

Somatic Anxiety. Participants provide a self-report rating on a 4-point scale (1 not true at 

all/false, 2 slightly true, 3 mainly true, and 4 very true) of how accurately the statement reflect 

themselves and/or their behaviour. Raw scores are standardized to T-scores (M = 50, SD = 10) 

and compared to a normative sample of 1000 adults from the United States. Reliability and 

validity of the PAI has been tested and confirmed in a variety of samples presented in the PAI 

manual (Morey, 1991). Use of the PAI in a heterogeneous head injury population, ranging from 

mild to severe, has also been tested and supported, demonstrating good convergent validity and 

appropriateness for a head injury population (Kurtz, Shealy & Putnum, 2007; Till, Christensen & 

Green, 2009).  

 Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988). The BAI provides a 

measure of the intensity of anxiety symptoms in both healthy and psychiatric samples. 

Participants are asked to indicate how much they have been bothered by each of the 21 
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psychological and physical symptoms of anxiety during the past week, including today, on a 4-

point scale (0 not at all, 1 mildly but it didn’t bother me much, 2 moderately – it wasn’t pleasant 

at times, and 4 severely – it bothered me a lot). Responses are summed for total score out of 63 

with scores between 0 and 7 indicating low anxiety, 8 – 15 indicating mild anxiety, 16 - 25 

indicating moderate anxiety, and 26 - 63 as severe anxiety. The BAI includes two components of 

anxiety, namely, cognitive and somatic. The cognitive subscale measures fearful thoughts and 

impaired cognitive functioning, and the somatic subscale measures symptoms of physiological 

arousal. Internal consistency analyses have noted an alpha coefficient for the BAI - II, of 0.92 

and retest reliability analyses noted moderate Pearson's r correlations of 0.75, across a re-test 

time of one week (Beck et al., 1988). 

 State-Trait Anxiety Inventory (STAI, Speilberger, 1983). The STAI provides  

an index of frequency and intensity of both current (state) and long-term (trait) anxiety levels. An 

individual’s state anxiety is assessed with 20 self-report questions measured on a 4-point 

intensity scale (1 = not at all, 2 = somewhat, 3 = moderately so, 4 = very much so). Similarly, 

trait anxiety is measured using an additional 20 items with a similar 4-point frequency scale (1 = 

almost never, 2 = sometimes, 3 = often, 4 = almost always). Responses are summed for total 

score out of 80 with higher scores correlating to higher anxiety. Internal consistency for the STAI 

has been tested across numerous studies indicating a mean coefficient of .91 for the State scale 

and .89 on the Trait scale. Retest reliability is has noted Pearson r correlations between .70 to .88 

(Barnes, Harp & Jung, 2002). 

 Post-Concussive Syndrome Index (PCSC; Anxiety - A, Irritability – I) (Gouvier et al., 

1992). The PCSC provides an index of frequency, intensity, and duration of ten symptoms 

typically associated with MHI in students. In this study, we focussed on the Anxiety and 
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Irritability scales. An individual’s symptom is rated for frequency on a 5-point rating scale (1 not 

at all to 5 all the time), intensity (1 not at all to 5 all the time), and duration (1 not at all to 5 

constant). An overall total score was calculated for all symptoms, as well as for frequency, 

intensity, and duration for each symptom. 

Structured Clinical Interview for DSM-5 Disorders (SCID-5; First & Williams, 2016). 

The SCID-5 is a semi-structured interview outline for making major DSM-5 diagnoses. In this 

study we focussed only on the GAD diagnosis section only. Individuals are asked a series of 

questions, in a prescribed order, related to anxiety and worry behaviours and symptoms over the 

preceding six months. Based on the responses of the individual, the interviewer decides whether 

the individual meets the DSM-5 diagnostic criteria for GAD. 

 Aggression. 

State-Trait Anger Expression Inventory (STAXI-2; Spielberger, 1999). The STAXI-2 is a 

44-item inventory used to measure both the intensity of anger as a situational response (state) and 

the frequency of angry feelings over time (trait). The STAXI also contains Anger Expression 

Index (i.e., Anger Expression-Out, expression of angry feelings toward other persons or objects 

in the environment [reactive aggression] and Anger Expression-In, holding in or suppressing 

angry feelings) and Anger Control scales (the ability to not reactive aggressively) (i.e., 

controlling angry feelings by preventing the expression of anger toward other persons or objects 

in the environment - Anger Control-Out and controlling suppressed angry feelings by calming 

down or cooling off - Anger Control-In). Raw scores are standardized to T-scores (M = 50, SD = 

10). Internal consistency analyses for the STAXI-2 have noted alpha coefficients above .70 

(Culhane & Morera, 2010). The 14-day test-retest correlation coefficients reflect appropriately 
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low stability for the state scale and moderate stability for the trait scale (Jacobs, Latham, & 

Brown, 1988). 

Buss and Perry Aggression Questionnaire (BPAQ; Buss & Perry, 1992). The BPAQ is a 

29-item scale that measures trait aggression, that is, the tendency toward aggressive attitudes and 

behaviours. An individual’s trait aggression is measured using a five-point scale (1 - extremely 

uncharacteristic of me, 2 – somewhat uncharacteristic, 3 – neither uncharacteristic or 

characteristic, 4 – somewhat characteristic, 5 - extremely characteristic of me). The BPAQ 

consists of four subscales: hostility (H) (scores range from 8-40), anger (A) (scores range from 7-

35), verbal aggression (VA) (scores range from 5-25), physical aggression (PA; also reflective of 

reactive aggression) (scores range from 9-45), total score (ranges from 29-145). Internal 

consistency for the BPAQ is in the acceptable range (Cronbach’s alpha, < = .80; see Buss & 

Perry, 1992). 

Worry. 

Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, Borkovec, 1990). Trait 

worry was measured via the PSWQ, a 16-item questionnaire that uses a Likert rating from 1 (not 

at all typical of me) to 5 (very typical of me). Possible range of scores is 16-80, with a score 

between 16-39 indicating Low Worry, 40-59 indicating Moderate Worry, and 60-80 as 

High Worry. Previous research indicates that the PSWQ has a strong ability to differentiate 

patients with GAD from other anxiety disorders. The PSWQ has also been shown to possess high 

internal consistency and good test-retest reliability (Meyer et al., 1990).  

Demographics. 

 Everyday Living Demographic Questionnaire (ELQ; Brock University Neuropsychology 

Cognitive Research Lab [NCR Lab], 2018; see Appendix A). Participants were asked to provide 
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information on history of mild head injury, (i.e., "Have you ever sustained an injury to your head 

with a force sufficient to alter your consciousness (e.g. dizziness, vomiting, seeing stars, or loss 

of consciousness, or confusion") and concussion (i.e., “Have you ever sustained a concussion?”). 

Both questions regarding head injury were included as previous research found some students 

would report they had not sustained an injury to the head sufficient to alter their state of 

consciousness, however, would go on to report they had suffered a concussion - a common 

alternative understanding of the definition of altered state of consciousness (e.g., Blyth & 

Bazarian, 2010). Participants who indicated a previous head injury by responding yes to either of 

these questions then provided further details regarding the nature of the injury, time elapsed since 

injury, and treatment of injury. Other information such as indices of stressful life events and/or 

changes, general health questions and demographics such as sex, age, level of education was also 

collected.  

 Life Stressors Scale (adapted from the Social Readjustment Rating Scale of Holmes & 

Rahe, 1967). Participants were asked to identify major life stressful events, both positive and 

negative (e.g., pregnancy, death of a loved one, major personal injury or illness, entering first 

year of university). Students were asked to endorse any of the 18 major life stressors that had 

occurred in the past six-months. A total life stressors score was calculated by adding up the total 

number of endorsed stressors for an overall total out of 18.  

 Arousal state measures. 

 Electrophysiological. Participant's respiration and electro dermal activity (EDA) were 

measured using the Polygraph Professional software (Limestone Technologies, 2008). A desktop 

computer was used to record these measures of physiological arousal levels.  Respiration was 

measured using two respiration bands, with one placed across the chest at the level of the 
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sternum, and the second band placed across the abdomen. Respiration was measured and 

averaged over the specific time interval for the recording. EDA was measured in both frequency 

(cycles per minute) and amplitude. EDA provides a good representation of autonomic nervous 

system activation by measuring skin perspiration using two pure metal alloy plated pads placed 

on the index and fourth finger of the left hand. All physiological measures were screened and 

adjusted for artifact prior to analysis. Blood pressure and pulse rate were measured using an 

automatic blood pressure cuff placed on the participant's upper left arm. Systolic and diastolic 

blood pressure rates, and pulse rate were recorded on the participant’s procedure form identified 

with their unique alphanumeric identifier only. 

 Dark Alley Stress Manipulation. In order to induce and measure physiological 

anticipation/stress response, participants listened to an audio recording (see Appendix A) during 

which, their EDA levels were recorded. Participants were asked to close their eyes and listen to a 

recording of a voice directing them to imagine themselves walking down a dark alley. The 

appearance of the alley is described in detail. The sound of approaching footsteps is described, as 

they get closer and closer. The recording culminates with a loud noise meant to startle the 

participants in an effort to elicit a physiological stress reaction. EDA responses were recorded 

throughout the manipulation and values were taken following the description of the scenario but 

prior to the loud noise (i.e., Anticipatory Phase) and immediately following the loud noise (i.e., 

Scare Phase).   

Self report arousal state. Prior to each set of physiological measures (three separate 

occasions), participants were asked to provide a verbal self-report of perceived level of arousal 

(SFA) on a 10-point scale (1 extremely relaxed and calm, 10 extremely stressed). This value was 
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recorded on the procedure sheet for the specific participant, identified with only their 

alphanumeric identifier. 

Self-report current stress. As an additional measure of baseline arousal levels participants 

were asked to rate their level of stress on the day of testing on a 10-point scale (1 not stressful to 10 

very stressful). 

Personality Assessment Inventory - Somatization (SOM) (PAI; Morey, 2007). Participants 

completed 336 items of the PAI which consists of 22 non-overlapping scales. To measure resting 

state physiological arousal levels, we focussed on the SOM scale. The somatic subscale of the 

SOM scale measures general physical complaints and symptoms, including fatigue. Participants 

provide a self-report rating on a 4-point scale (1 not true at all/false, 2 slightly true, 3 mainly 

true, and 4 very true) of how accurately the statement reflect themselves and/or their behaviour.  

Procedure 

 Participant testing was completed individually by one of two researchers (one female, one 

male). Each researcher had direct training in the administration of the electrophysiological 

measures, stress manipulation, and administration of the SCID-5 (GAD section).  

At the beginning of the testing session, participants were given the informed consent to 

read after which time they could ask questions or for further clarification. Students were then 

advised that they would be completing various self-report questionnaires, some of which 

contained questions regarding thoughts of suicide and self-harm. They were advised not to 

answer any question that made them feel uncomfortable. Students were also informed of the 

process of physiological data collection including heart rate, respiration, EDA and blood 

pressure. Students were verbally informed that they would be listening to an audio recording. 

Finally, students were advised that they were free to withdraw from the study at any time without 
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penalty. Participants and researchers completed two copies of the informed consent, one for the 

student's record of participation in the study and one for the researcher (see Appendix A). 

 After the informed consent was complete, participants were informed of the process of 

physiological data collection using the pulse oximeter for heart rate, respiration bands, silver-

silver chloride plated pads for EDA and blood pressure cuff (Polygraph Professional; Limestone 

Technologies, 2008). The researcher confirmed the student's agreement to participate, answering 

any questions they had surrounding the procedure. Upon agreement from the student, the 

researcher instructed the student on how to place the physiological equipment, providing 

assistance if requested. Participants were then asked for their self-reported level of arousal (SRA 

1) from one to ten (1 extremely relaxed and calm, 10 extremely stressed). Once this rating was 

obtained, participants were asked to remain as still as possible, breathing normally, during the 

three-minute baseline recording (i.e., Initial Baseline). All physiological measurements were 

coded in the Limestone Technologies software using participant number only with no personal 

identifiers in the data. Once this baseline measure was complete, blood pressure and pulse were 

measured. Systolic and diastolic values and pulse rate were entered onto the specific procedure 

sheet for the participant, identified solely by their alphanumeric identifier.  

All participants were then administered the same questionnaire package containing the 

following measures: BPAQ, STAXI, STAI, BAI, PAI. These testing questionnaires were 

completed before the Dark Alley stress manipulation as studies have indicated that the body 

requires approximately 20-60 minutes to recover fully from an acute stress response (e.g., Dark 

Alley Manipulation) (Teatero & Penney, 2015), thus any resultant physiological responses from 

the manipulation would not affect participant’s responses to self-report measures. After 

completion of the questionnaires, participants were reconnected to the physiological recording 
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equipment, with assistance if requested, and were asked for their self-reported level of arousal 

(SRA 2) from one to ten. Participants were then asked to place the headphones on their head and 

informed that they would now be listening to the audio recording. Upon addressing any questions 

from the participant, they were instructed to remain as still as possible while listening to the 

audio recording and the Dark Alley Stress Manipulation recording was played for them. During 

the audio recording, the Anticipatory and Scare phase EDA values were taken.  

Participants were then asked to complete the ELQ independently, after which time the 

researcher and participant completed the SCID together in an interview form. The time between 

the stress manipulation and the final baseline varied as a function of how quickly the participant 

was able to complete the ELQ and the SCID-5. Overall, times ranged from a minimum of 20 

minutes to a maximum of 60 minutes and, as such, each participant had an appropriate amount of 

time to recover from the manipulation before completion of the study. One final self-report level 

of arousal (SRA 3) and 1-minute Final baseline recording of physiological measures was taken, 

following which the researcher verbally debriefed the participant regarding the purpose of the 

study and provided with a copy of the debrief form (see Appendix A) for their records. Students 

were informed they would be contacted by a researcher and offered psychological services, 

should there be any concerning responses on their questionnaires. Finally, participants were 

thanked for their involvement in the study. Participation in the study did not exceed two hours in 

its entirety.  

Data Analyses 

 Analyses of the data were conducted using Statistical Package for the Social Sciences 

(SPSS Version 21, 2007). Physiological data averages were computed using Polygraph 

Professional Suite, 2008, Limestone Technologies Inc.). Results of analyses are considered to be 
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significant at the p < .05 level, however, statistical trends approaching significance (e.g., p = .07) 

are also analyzed and discussed if results were in the direction predicted a priori. 

 To examine group differences of categorical variables, the Pearson Chi-square statistic 

was used. For analyses of group differences of continuous variables, t-tests, one-way ANOVAs, 

and factorial ANOVAs were used. Adjustments were not made for multiple analyses as variables 

were considered to be unrelated. Any results with outliers were re-analyzed with outlier 

windsorized, and still found to be significant at p < .05 level.  

Results 

Hypothesis 1: Physiological Underarousal 

 Persons with a self-reported history of MHI will be physiologically underaroused at 

baseline, compared to those without head injury, as indicated by self-report values of arousal, 

perceived stress, and somatization [i.e., fatigue]), as well as, through lower responsivity on a 

physiological measure of electrodermal activity [EDA]. Further, persons with GAD will self-

report the highest levels of perceived stress and arousal. 

Self-report of arousal at baseline. 

 Self-report of arousal. As a subjective indicator of baseline physiological arousal, levels 

of arousal were rated by participants on three separate occasions throughout the Dark Alley 

Manipulation (1 very relaxed to 10 very stressed). It was predicted that individuals who had 

sustained MHI would report significantly lower levels of arousal relative to controls. Further, 

given the tendency to ruminate and worry, it was expected that students with a GAD diagnosis 

would report significantly higher levels of arousal than controls. Therefore, a 3 x 3 repeated 

measures mixed ANOVA was conducted on the self-report arousal variable across the three time 

points in which data was collected as a function of overall group (GAD, MHI, Control). Post-hoc 
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analyses of least significant difference (LSD) were then conducted on the effect of overall group 

to further investigate differences. The interaction effect was not significant, F (2,79) = .839, p > 

.05, however, a significant main effect of group on self-reported levels of arousal was noted, F 

(2,79) = 5.238, p = .007, such that the GAD group reported the highest levels of arousal overall, 

significantly different from controls (p = .002), as predicted. Contrary to predictions, however, 

individuals with a history of MHI did not rate their arousal levels as different than either those 

with GAD or their non-injured cohort (all p’s > .05; Figure 1). 

 

 

Figure 1. Average self-report arousal levels across three time points as a function of overall 

group status. 

 

Self-report of current stress. Participants were asked to rate the level of stress on the day 

of testing (1 not stressful to 10 very stressful). It was predicted that persons with MHI would 

report the lowest amount of perceived stress relative to both other groups, and further, that 

individuals with GAD would report the highest amount. Self-report ratings of stress were 
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analyzed using a one-way ANOVA on the current stress scale as a function of group status, with 

results indicating a significant effect of group, F (2,81) = 3.701, p = .029. Post-hoc LSD results 

follow a similar pattern to participant’s self-report arousal levels, whereby individuals with GAD 

reported the highest levels of stress, followed by those with a history of MHI, with controls 

reporting the lowest levels overall. The GAD group was significantly different than the control 

group (p = .008), however, there was no difference between the GAD and MHI groups (p = 

.098), nor between the MHI and controls (p = .208; Figure 2). 

 

Figure 2. Average self-report day-to-day stress levels as a function of overall group status. 

 

Self-report of life stressors. A one-way ANOVA was performed on the total number of 

life stressors (e.g., financial difficulties, new relationship, moved, vacation) reported as a 

function of group status and a significant effect was noted, F (2,81) = 3.551, p = .033. Post-hoc 

LSD comparisons indicate that the MHI group reported significantly higher numbers of life 

stressors than both the GAD and control groups (p = .029 and p = .027, respectively). There was 
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no difference in the number of life stressors reported between the GAD and control groups (p = 

.658; Figure 3). 

 

 

Figure 3. Average number of stressful life events as a function of overall group status. 

 

Self-report somatization (i.e., fatigue). The Somatization subscale of the PAI was 

investigated as an additional indicator of baseline physiological arousal levels. As it was 

expected that persons with a history of MHI would display reduced levels of physiological 

arousal, we predicted that these same individuals would, therefore, report more somatic 

symptoms, including fatigue. Therefore, a univariate ANOVA was conducted on this subscale in 

order to test whether overall levels of somatization differed as a function of overall group status 

and a significant effect of group was noted, F (2,80) = 6.452, p = .003. Post-hoc analyses of LSD 

were conducted to further investigate group differences on this dependant variable and revealed 

that both the MHI and GAD groups reported significantly higher levels of somatic symptoms, 
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relative to the control group (p = .001, p = .017, respectively). No difference was noted in the 

level of somatic symptoms reported between the MHI and GAD groups (p = .770; Figure 4).  

 

 

 

Figure 4. Average T-scores on the Personality Assessment Inventory (PAI) Somatization 

subscale as a function of overall group status. 

 

 An Injury Severity Index variable was developed to examine the continuum of head 

injury severity based on symptom indicators (i.e., number of previous injuries, symptom duration 

greater than 20 minutes, loss of consciousness, medical treatment administered, post-traumatic 

amnesia, hospital overnight stay, fractures) and a linear regression was performed to investigate 

the relationship between this variable and the Somatization subscale. A significant positive 

relationship was noted, as illustrated in the linear regression depicted in Figure 5. Specifically, 
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higher numbers of injury severity indicators were found to significantly predict higher levels of 

somatic complaints, F (1,81) = 9.482, p = .003, R² .1054. 

 

Figure 5. The relationship between Average T-scores on the Personality Assessment Inventory 

(PAI) Somatization subscale and Injury Severity. 

 

Physiological Arousal. 

Electrodermal Activation (EDA). It was predicted that EDA would be lowest for those 

with MHI compared to the other two groups, both at Initial Baseline and during the Anticipatory 

 
4 Note. The relationship between the injury severity variable and scores on the Somatization subscale remains 

significant at p < .05 with the outlier winsorized. 
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phase of the Dark Alley Stress Manipulation. In addition, we expected these individuals to 

respond physiologically to the Scare phase of the manipulation with an increase in autonomic 

indicators, to a greater extent than both the GAD or control groups, however, the increased 

physiological stress response would be short-lived and return to baseline levels (i.e., Final 

Baseline) more quickly than individuals without MHI. Persons with a diagnosis of GAD were 

expected to display an Initial Baseline EDA levels similar to controls, however, they would 

respond to the Anticipation and Scare phases of the manipulation with autonomic inflexibility, 

thus, demonstrating a reduced range of physiologic response.  

EDA amplitude was measured across 4 distinct phases (i.e., Initial Baseline, Anticipatory 

phase, Scare phase, Final Baseline) of the Dark Alley Stress Manipulation. These phases were 

analyzed as a function of overall group status (GAD, MHI, control) and it was expected that the 

MHI group would demonstrate the lowest EDA levels at Initial Baseline and Anticipation but 

show an exaggerated response during the Scare phase and return to the underaroused baseline 

levels (i.e., Final Baseline) soon thereafter. Therefore, a 3 x 4 repeated measures mixed ANOVA 

was conducted on the average EDA across each phase as a function of overall group status5. 

Contrary to these predictions, no significant interaction, F (2,72) = 1.499, p > .95, nor difference 

between the groups was noted, F (2,72) = .698, p = .501, although the pattern of results was as 

expected whereby the MHI group displayed the lowest level of EDA at the Initial Baseline and 

Anticipatory Phase, the greatest response to the Scare phase, and the lowest level of EDA at the 

Final Baseline (see Figure 6). Although individuals with GAD did display a normative level of 

 
5 Note. To investigate EDA levels across the 4 phases as a function of both MHI status and GAD status a 2 x 2 x 4 

mixed model ANOVA was performed. No interactions or main effects of MHI or GAD were noted (see Table 18).  
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arousal at Initial Baseline, they did not display a restricted range of EDA during the Anticipatory 

and Scare phases, as expected. Rather, the overall pattern of EDA in the GAD and control groups 

mirrored one another throughout the manipulation. 

 
 

Figure 6. Average physiological arousal level across 4 phases of Dark Alley Stress Manipulation 

as measured by electro dermal activation (EDA) as a function of overall status. 

 

 To ascertain the range of the physiologic response to the Scare phase, difference scores 

were calculated between the Initial Baseline and the Anticipatory phases (Diff BL-Anticipation), 

Initial Baseline and the Scare phases (Diff BL-Scare), as well as the Initial and Final Baselines 

(Diff BL-Final). Values were then investigated to determine the effect of group, if any, on these 

changes across the Dark Alley Stress Manipulation. Thus, a 3 x 3 repeated measures mixed 

ANOVA was performed on average EDA values across 3 EDA difference scores (i.e., Diff BL-

Anticipation, Diff BL-Scare, Diff BL-Final), as a function of overall group. As depicted in 
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Figure 7, there was no interaction, F (2,74) = .588, p > .05, or effect of group on these change 

values, F (2,74) = .392, p = .677, however, results demonstrated the predicted pattern whereby 

persons with MHI demonstrated the strongest response to the Stress phase with the fastest return 

to Final Baseline levels. Those with GAD did not display the predicted pattern of a flattened 

EDA across the manipulation. 

 

 

Figure 7. Average difference in physiological arousal level between phases (i.e., Diff BL-

Anticipation, Diff BL-Scare, Diff BL-Final) as measured by electro dermal activation (EDA). 

 

 Pearson-r correlations were also performed to determine relationships between GAD 

status, MHI history, and EDA levels at each phase of the manipulation and can be seen in Table 

3. In line with predictions that persons with MHI would display the lowest level of EDA at Initial 

Baseline and during the Anticipatory phase, a history of an MHI was significantly correlated with 
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lower Anticipatory EDA (r = -.194, p = .044). Also note worthy, is the relationship between MHI 

and higher EDA levels during the Scare phase at a level approaching significance (r = .164, p = 

.074). GAD status did not significantly correlate with EDA during any phase (all p's > .05).  

Table 3 

 

Correlations Between History of MHI, GAD Diagnosis, and EDA Levels Across Each Phase of 

the Dark Alley Stress Manipulation 
___________________________________________________________________________________________ 
 MHI     GAD     Initial    Anticip.    Scare     Final   

               Baseline              Phase             Phase  Baseline          

______________________________________________________________________________________________________ 

MHI -  .260*  -.123  -.194*  .164  -.007  

 

GAD -  -  .003  .018  .095  .018   

Initial -  -  -  .400**  .288**  .272**  

Baseline 

 

Anticip. -  -  -  -  .407**  .303**  

Phase 

 

Scare -  -  -  -  -  .369**  

Phase 

 

Final -  -  -  -  -  -   

Baseline 

________________________________________________________________________________________________________ 

Note: Anticip. Phase refers to Anticipatory Phase 

** Correlation is significant at the .001 level (1-tailed) 

* Correlation is significant at the .05 level (1-tailed) 

 

Hypothesis 2: Aggression 

 It was predicted that individuals with MHI would report higher levels of reactive 

aggression (as indicated by higher values on self-reported measures of aggression) relative to 

other groups. 

Self-report of Aggression. 

State Trait Aggression Inventory (STAXI). A 3 x 3 repeated measures mixed ANOVA 

was conducted on aggression levels across the State subscales of the STAXI (Angry Feelings, 

Verbal Anger, Physical Anger) as a function of overall group status in order to investigate 

differences in the various types of state aggression reported. Contrary to hypotheses, group status 
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had no effect on the overall level of aggression reported on the STAXI State subscales, F (2,79) 

= 1.580, p = .212, nor was an interaction noted between group status and subscale variables, F 

(2,3.637) = .603, p = .645, indicating these groups report similar levels of state aggression. 

Subsequently, a 2 x 3 repeated measures mixed ANOVA was conducted on aggression levels 

across the Trait subscales of the STAXI (Anger Temperament, Anger Reaction) to ascertain 

differences in these traits between groups. Similarly, there was no significant effect of group on 

overall aggression, F (2,80) = .362, p = .698, nor was there an interaction between group and trait 

subscales F (2,80) = .338, p = .714. In addition, no group effect was noted following a one-way 

ANOVA on the Anger Expression Index, F (2,74) = 2.594, p = .081. A 2 x 3 repeated measures 

mixed ANOVA on aggression levels with the Anger Control subscales (Anger Control-In, Anger 

Control-Out), and group status as factors also showed no difference between the groups, F (2, 

78) = .850, p > .05, and no interaction, F (2,78) = 1.685, p > .05, suggesting the groups did not 

differ in how angry feelings are expressed (outward towards other people or inwardly 

suppressed) and controlled.   

Buss and Perry Aggression Questionnaire (BPAQ). To investigate group differences in 

aggression using the Buss and Perry Aggression Questionnaire (BPAQ), a 3 x 4 repeated 

measures mixed ANOVA was performed on aggression levels across the subscales of the BPAQ 

(Physical Aggression, Verbal Aggression, Hostility, Anger) as a function of group status6. No 

 
6 Note. To investigate aggression levels across the 4 BPAQ subscales as a function of both MHI status and GAD 

status a 2 x 2 x 4 mixed model ANOVA was performed (See Table 19). A significant GAD by aggression type 

interaction was noted, F (3,78) = 3.725, p = .012. A significant main effect of GAD was also noted, F (1,78) = 9.755, 

p = .003, such that individuals with a diagnosis of GAD reported significantly higher levels of aggression overall 

than those without a GAD diagnosis. Further one-way ANOVAs revealed that those with a diagnosis of GAD 
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group effect or interaction was noted, F (2,79) = 1.987, p = .144; F (2,79) = 1.610, p = .145. 

However, significant relationships were found between the total scale and subscales of the BPAQ 

with GAD status (all p's < .05), with the exception of Verbal Aggression (p = .246, ns). Contrary 

to predictions, no significant relationship was found between MHI or Injury Severity and any 

aggression scale (all p's > .05; Table 4). 

Table 4 

 

Correlations Between GAD Diagnosis, and Scores on Subscales of the Buss and Perry 

Aggression Total Scale and Subscales (Physical Aggression, Verbal Aggression, Hostility, 

Anger) 
___________________________________________________________________________________________ 
 GAD     Physical    Verbal     Hostility    Anger    Total  

   Aggression             Aggression                        Scale 

________________________________________________________________________________________________________ 

 

GAD -  .276*  .128  .262*  .409*  .338*  

 

 

Physical   -  .624**  .720**  .691**  .905**  

Aggression 

  

Verbal   -  -  .635**  .507**  .765**  

Aggression 

 

Hostility   -  -  -  .723**  .900**  

 

 

Anger   -  -  -  -  .854**  

 

Total   -  -  -  -  -  

 

 

Note:  

** Correlation is significant at the .001 level (2-tailed) 

 

Hypothesis 3: Anxiety 

 It was hypothesized that those with a diagnosis of GAD would report the highest levels of 

anxiety overall, however, persons with MHI would report higher levels of somatic, relative to 

 
reported significantly higher levels of physical aggression, F (1,82) = 6.758, p = .011, anger, F (1,82) = 16.305, p < 

.001, and hostility, F (1,82) = 5.977, p = .017, than those without GAD.  
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other types of anxiety symptoms, unlike the GAD or controls. Further, compared to individuals 

without MHI, it was expected that persons with MHI would report lower levels of state, relative 

to, trait anxiety. 

Relationships between MHI, GAD, and injury severity. Given the high rate of anxiety diagnoses 

(in particular GAD) following MHI, we first investigated potential relationships between these 

variables. As seen in Table 5, a significant relationship was observed between MHI and GAD 

status (r = .260, p = .017) indicating that a history of an MHI increases the chances of a GAD 

diagnosis. In addition, a significant relationship between GAD status and the Injury Severity 

Index, indicates that more severe head injuries increase the likelihood of a GAD diagnosis (r = 

.324, p = .003). 

Table 5 

 

Correlations Between Injury Severity, History of MHI, and GAD Diagnosis 
___________________________________________________________________________________________ 

  Injury Severity   MHI   GAD  

___________________________________________________________________________________________ 

Injury Severity     -       .871**     .324*         -   

MHI        -            -         .260**     

GAD      -                -             -          

___________________________________________________________________________________________ 

Note: ** Correlation is significant at the .001 level (2-tailed) 

* Correlation is significant at the .05 level (2-tailed) 

 

Self-report of anxiety. 

Post-Concussive Anxiety Symptoms Index (PCS-A). Upon investigation into the overall 

levels of anxiety across Frequency, Intensity, and Duration reported as a function of overall 

group status, a 3 x 3 repeated measures mixed ANOVA revealed a significant effect of group on 

the level of anxiety reported, F (2,81) = 13.308, p < .001, yet no interaction F (4,162) = .442, p = 

.778, was noted. Further post-hoc LSD analyses confirmed the hypothesis that the GAD group 
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would endorse the highest levels of anxiety symptoms relative to both other groups (all p’s < 

.05), and in addition, it was noted that those with a history of MHI also reported significantly 

higher levels on this index relative to controls (p = .002). Additional one-way ANOVAs (see 

Figure 8) demonstrated that the GAD group reported significantly higher levels of anxiety than 

the other groups, both in frequency and intensity (all p’s < .05). No difference was noted between 

the GAD and MHI groups on the duration of the anxiety (p = .104), although both groups 

reported experiencing their anxiety symptoms significantly longer than controls (p’s < .05).  

  

Figure 8. Average rating of PCS Anxiety across frequency, intensity, and duration as a function 

of overall group status. 

 

In addition, a significant relationship was noted between the PCS-A and the Injury 

Severity Index, such that a higher number of injury severity indicators is predictive of higher 

scores on the PCS-A Total, F (1, 82) = 6.341, p = .014, R² = .07 (see Figure 9). This positive 
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relationship is replicated across frequency, intensity, and duration of anxiety symptoms (all p’s < 

.05)7.  

 

Figure 9. Relationship between injury severity and total ratings on the Post Concussive Anxiety 

scale. 

 

 Post Concussive Irritability Symptoms Index (PCS-I). A similar pattern of findings was 

noted when analyzing the PCS Irritability Index (also comprised of Frequency, Intensity, and 

Duration), wherein a significant effect of group was noted, F (2,80) = 4.956, p = .009, however 

 
7 Note. Relationships between injury severity and Post Concussive Anxiety scores inclusive of Total, Frequency, 

Intensity, and Duration, remain significant at p < .05 with outlier winsorized. 
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no interaction was present, F (4,160) = 1.204, p = .311. Upon further investigation, separate one-

way ANOVAs revealed significant differences in scores as a function of group across frequency 

and intensity subscales (all p’s < .05), however, no difference between the groups was noted for 

the duration scale (p = .056), although this was approaching significance. Both the GAD and 

MHI groups reported similar levels of frequency of irritability to one another yet significantly 

more than controls (p = .981, p = .020 and p = .004, respectively). The GAD group reported the 

highest level of intensity of irritability, significantly more than controls (p = .006), with no other 

differences noted on this scale (Figure 10). 

 
 

Figure 10. Average rating of PCS Irritability across frequency, intensity, and duration as a 

function of overall group status. 

 

Personality Assessment Inventory (PAI) - Anxiety Scale. It was predicted that 

individuals with GAD would report the highest levels of anxiety inclusive of all types of anxiety 

(cognitive, affective, somatic), relative to the other groups, but that those with a history of MHI 
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would report higher levels of somatic symptoms, relative to both cognitive and affective, unlike 

those with GAD and controls. Therefore, a one-way ANOVA was performed on the PAI Anxiety 

Scale as a function of group status with post-hoc analyses to investigate differences between the 

groups. A 3 x 3 repeated measures mixed ANOVA was then conducted on anxiety scores across 

the PAI Anxiety subscales: Cognitive, Affective, and Somatic Anxiety, as a function of overall 

group.8 Subsequent separate univariate ANOVAs were performed on each anxiety subscale as a 

function of overall group and post-hoc analyses were used to further investigate the effect. 

Hypotheses were partially confirmed, as results revealed that group status significantly affected 

scores on the PAI Anxiety Scale, F (2,80) = 11.012, p < .001, however, both the GAD and MHI 

groups reported significantly higher levels of anxiety overall, than did controls (both p’s < .001), 

and did not differ from one another (p = .19). As anticipated, a main effect of overall group was 

found, F (2,80) = 11.012, p < .001, when investigating the specific types of anxiety symptoms 

(cognitive, affective, somatic), however no interaction was noted F (4,160) = 2.269, p = .064. 

 Analyses of the Cognitive Anxiety subscale revealed a significant effect of group, F 

(2,80) = 12.724, p < .001, with post-hoc LSD tests indicating that all groups differed from one 

 
8 Note. To investigate anxiety levels across the 3 PAI subscales as a function of both MHI status and GAD status a 2 

x 2 x 3 mixed model ANOVA was performed (See Table 20). A significant MHI by anxiety type interaction was 

noted, F (2,80) = 3.512, p = .032. A significant main effect of GAD was also noted, F (1,80) = 53.586, p < .001, 

such that individuals with a diagnosis of GAD reported significantly higher levels of anxiety overall than those 

without a GAD diagnosis.  Further one-way ANOVAs revealed that those with a history of MHI reported 

significantly higher levels of somatic anxiety, F (1,81) = 6.093, p = .016, than those without an MHI. No significant 

difference was noted for cognitive, F (1,81) = 1.269, p = .263, and affective, F (1,81) = 2.808, p = .098, anxiety as a 

function of MHI status.  
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another in the number of cognitive anxiety symptoms reported (GAD and MHI, p = .021; GAD 

and control, p < .001; MHI and control, p = .003). As expected, individuals with a diagnosis of 

GAD reported the highest number of symptoms, followed by the MHI group, and controls 

reporting normative levels. Upon investigation of the Affective Anxiety subscale, F (2,80) = 

8.901, p = .001, it was noted that the GAD and MHI groups reported significantly higher levels 

of affective symptoms than did the control group (p < .001, p = .002, respectively), although not 

different from one another (p = .217). Finally, upon analysis of the Somatic Anxiety scale, a 

significant difference between the overall groups was also noted, F (2,80) = 7.947, p = .001. 

Post-hoc LSD calculations revealed that the difference between the MHI and GAD groups was 

not significant (p = .887) but that the levels of somatic anxiety symptoms these groups reported 

were significantly higher than controls (p = .001 and p = .003, respectively; Figure 11).  

 
 

Figure 11. Average T-scores on the Personality Assessment Inventory (PAI) Anxiety subscales 

(Cognitive, Affective, Somatic) as a function of overall group status. 
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within each group. Support was provided for this hypothesis, when individuals with a history of 

MHI were found to report significantly higher levels of somatic anxiety symptoms relative to 

both cognitive and affective, t (31) = 2.854, p = .008; t (31) = 2.205, p = .035, respectively. In 

contrast, individuals with GAD and healthy controls, endorsed the same levels of cognitive, 

affective, and somatic anxiety symptoms (all p’s > .05). 

 In addition, the Injury Severity variable was examined in separate linear regressions with 

each anxiety subscale in order to determine if the spectrum of injury severity related to these 

outcome variables. Injury Severity was found to significantly predict scores on the Somatic 

Anxiety subscale of the PAI, F (1,81) = 10.493, p = .002, with an R² .115, such that the as the 

number of head injury severity indicators increase, so to, do the number of somatic anxiety 

symptoms reported (Figure 12). A similar, but weaker, effect was noted for the Affective Anxiety 

subscale, F (1,81) = 6.667, p = .012, R² .076, and the Cognitive Anxiety subscale, F (1,81) = 

4.458, p = .038, with an R² of .052. 
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Figure 12. The relationship between Average T-scores on the Personality Assessment Inventory 

(PAI) Somatic Anxiety subscale and Injury Severity. 

 

Beck Anxiety Inventory (BAI). To further investigate the overall level of anxiety 

reported, a one-way ANOVA was performed on the BAI total with post-hoc comparisons to 

determine group effects. A significant effect of group F (2,78) = 8.253, p = .001 was found, with 

post-hoc LSD comparisons demonstrating that both GAD and MHI groups report significantly 

higher levels of anxiety on the BAI, than do controls (p < .001 and p = .007, respectively), 

however, the GAD and MHI group means were not different from one another (p = .135). Levels 

of anxiety reported across the three groups were then tested with a 2 x 3 repeated measures 

ANOVA on the BAI anxiety subscales (Cognitive, Somatic), which revealed a main effect of 
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overall group status, F (2,78) = 8.253, p = .001, indicating that these three groups report 

significantly different types of anxiety from one another. In addition, an interaction was noted 

between group and type of anxiety, F (2,78) = 3.320, p = .041, whereby the effect of group was 

stronger when reporting somatic relative to cognitive anxiety symptoms. Post-hoc LSD 

comparisons illustrated that individuals with a history of MHI did not report different levels of 

cognitive anxiety symptoms compared to the GAD and control groups (both p’s > .05), however 

they did report significantly higher levels of somatic symptoms relative to controls (p = .001). In 

contrast, the GAD group reported significantly higher levels of symptoms on both subscales 

(both p’s = .001), when compared to controls (Figure 13).  

  

 

Figure 13. Average scores on the Beck Anxiety Inventory (BAI) subscales (Cognitive, Somatic) 

as a function of overall group status. 

  

 Finally, separate linear regressions were performed using the Injury Severity variable to 

predict scores on the Cognitive and Somatic subscales of the BAI. As Figure 14 illustrates, a 

larger number of head injury indicators predicts higher levels of somatic anxiety, F (1,82) = 
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6.629, p = .012, with an R² value of .075, yet this same relationship does not hold for the 

Cognitive Anxiety subscale, F (1,79) = 1.883, p = .174, R² value .023. 

 
 

Figure 14. The relationship between average score on the Beck Anxiety Inventory (BAI) 

Somatic Anxiety subscale and Injury Severity. 

 

State Trait Anxiety Inventory (STAI). Separate one-way ANOVAs for the State and Trait 

Anxiety scales were performed, and a significant effect of group was noted (State scale, F [2,80] 

= 4.586, p = .013; Trait scale, F [2,73] = 10.531, p < .001). Contrary to predictions, post-hoc 

LSD comparisons indicated that both the GAD and MHI groups reported significantly more state 

anxiety than controls (p = .017 and p = .011, respectively), and not different from one another (p 

= .742). Comparisons for the Trait scale reveal that both the GAD and MHI groups reported 
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significantly higher levels of anxiety relative to controls (both p’s < .05; Figure 15), at levels 

similar to one another (p = .07). 

 

Figure 15. Average scores on the State Trait Anxiety Questionnaire (STAI) subscales as a 

function of overall group. 

 

 Paired t-tests to investigate the level of state and trait anxiety relative to one another 

revealed that all three groups reported significantly higher levels of trait, relative to state anxiety, 

controls, t (32) = 4.437, p < .001; MHI t (28) = 5.726, p < .001; GAD t (12) = 3.486, p = .004. 

Subsequent linear regressions revealed that the Injury Severity variable did not predict scores on 

either the State Anxiety scale, F (1,81) = 3.523, p = .064, with an R² of .042, or the Trait Anxiety 

scale, F (1,74) = 3.181, p = .079, with an R² of .041.  
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It was predicted that individuals with a diagnosis of GAD would demonstrate the highest 

levels of worry overall, and further that persons with a history of MHI would not demonstrate 

this same tendency.  

Self-report worry. 

Penn State Worry Questionnaire (PSWQ). A one-way ANOVA was performed on the 

scores of the PSWQ, as a function of overall group to investigate differences in the level of 

worry experienced by individuals in each group.9 A main effect of overall group status was 

noted, F (2,81) = 8.875, p < .001. As predicted, post-hoc LSD comparisons noted that the GAD 

group reported significantly higher levels of worry than both individuals with MHI and controls 

(p = .042 and p < .001, respectively), however, the MHI group also reported more worry than 

controls (p = .014).  

 Relationships were then tested between GAD status, MHI history, self-reported worry, 

and indicators of injury severity. Significant correlations were noted between PSWQ scores and 

GAD status (r = .554, p < .001), such that a diagnosis of GAD is positively correlated with 

higher levels of worry, however, no relationships were noted between MHI history and worry (r 

= .099, p = .371) nor Injury Severity and worry (r = .188, p =.088). See Table 6 for a depiction of 

these relationships. 

Table 6 

 

 
9 Note. A 2 x 2 ANOVA was also performed to investigate differences in the amount of worry experienced by 

individuals as a function of both GAD and MHI status. No interaction was noted, F (1,80) = .002, p = .961, nor main 

effect of MHI, F (1,80) = .245, p = .622, however, a main effect of GAD was revealed, F (1,80) = 33.875, p < .001, 

such that individuals with a GAD diagnosis reported significantly higher levels of worry than those without this 

same diagnosis (see Table 21). 
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Correlations Between Injury Severity, History of MHI, GAD Diagnosis, and Scores on the PSWQ 
___________________________________________________________________________________________ 

  Injury   MHI   GAD   PSWQ  

             Severity 

___________________________________________________________________________________________ 

Injury Severity     -            .871**      .324*                .188          

MHI      -                       -              .260**                   .099          

GAD      -         -           -              .554**      

PSWQ      -                   -                                           -                                         - 

_____________________________________________________________________________________________ 

Note: PSWQ represents the Penn State Worry Questionnaire 

 ** Correlation is significant at the .001 level (2-tailed) 

* Correlation is significant at the .05 level (2-tailed) 

 

 

Discussion 

 Overall, this study investigated anxiety and aggression symptoms following MHI, in an 

effort to provide further insight into understanding the effect MHI may have on the way in which 

symptoms manifest in this population. Research has shown that following MHI individuals 

display an attenuated autonomic arousal level at baseline, which has been demonstrated through 

various indicators of arousal including EDA, pulse rate, and fatigue (Baker & Good, 2014; van 

Noordt & Good, 2011; Robb & Good, 2016; Gallant et al., 2018). As a consequence of a 

diminished arousal system, these individuals are more likely to respond to unexpected 

(particularly aversive) events with an over-reaction and what may be described by some as a 

reactive aggression (Gallant, Barry, & Good, 2018), as a reduction in somatic markers has been 

reported to lead to a physiological unpreparedness for future events (e.g., Damasio & Bishop, 

1996). Further research has indicated that these same individuals are at a higher risk of 

developing anxiety disorders such as GAD than those in the general population (e.g., Mooney & 

Speed, 2001). Ongoing and persistent over-reactions to events may be experienced and described 

by the individual as somatic symptoms of anxiety, many of which overlap with a common 
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anxiety diagnosis, GAD. Limited research surrounding anxiety symptoms in an MHI population 

suggests that the types of symptoms (i.e., somatic, cognitive, affective) which present following 

injury may be different from both those in a non-injured population and those with a diagnosis of 

GAD (Mooney & Speed, 2001; Murray & Good, 2016; Robb & Good, 2016). Moreover, healthy 

individuals with a diagnosis of GAD have been shown to display high levels of worry, or 

maladaptive (but present, and perhaps over-evident) anticipation, which appears to be a construct 

unique to this population (Wittchen, 2002; Wittchen & Hoyer, 2001). Therefore, this study aimed 

to examine the potential differences in symptom reporting of aggression, anxiety, and worry by 

persons who have experienced an MHI versus those who have not. Specifically, the purpose of 

this study was to investigate the potential underarousal (as measured via self-report measures and 

physiological arousal levels) of students with MHI relative to both those without this same 

history and those with a diagnosis of GAD; to investigate the effects of experimentally 

manipulated stress on the arousal state of individuals within each group; and, to explore 

symptoms of aggression, anxiety, and worry in this population as a function of overall group 

status. 

Summary of Findings 

Underarousal. 

Contrary to the hypothesis that relative to non-injured individuals, students who have a 

history of MHI would exhibit significantly reduced levels of physiological arousal at baseline (as 

indicated through self-report values of perceived stress and somatization [i.e., fatigue]), we noted 

mixed results in the current study. That is, while students with self-report MHI reported similar 

levels of arousal to controls during the testing session, they did report much higher levels of 

overall somatization symptoms indicating increased levels of fatigue, thus reduced arousal. 
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Research has indicated that despite an attenuated arousal level, persons with MHI are capable of 

responding physiologically to stressful events with an increase in autonomic indicators (e.g., 

Baker & Good, 2014; van Noordt, & Good, 2011). Therefore, it is plausible that the novel 

environment of the testing room was sufficient stimulation to increase the (state) arousal level of 

these individuals such that they reported similar levels of stress relative to those without neural 

compromise. In fact, Murray and Good (2017) found similar levels of EDA across groups (i.e., 

MHI/nonMHI) upon initial introduction to a foreign environment and apparatus (i.e., testing 

room, physiological measuring equipment), followed by reduced EDA levels for the MHI group 

during the latter part of testing and adaption. MHI students in the present study may have reacted 

physiologically in a manner similar to their nonMHI cohort during initial introduction to the first 

baseline. 

While individuals with a history of MHI reported normative levels of physiological 

arousal at baseline relative to other groups, they did indicate an increase in perceived life 

stressors. Previous literature has noted similar findings, in that, students with a history of MHI 

find life events to be stressful more often than their non-injured cohort (e.g., Baker & Good, 

2014), despite the decreased perception of resting state arousal, a finding that fits well within our 

proposed model of autonomic dysregulation following head injury. As outlined in Damasio’s 

SMH, deficient decision-making following damage to the vmPFC results from a reduced ability 

to use somatic markers (i.e., physiological feelings associated with emotion based on past 

experiences) to help guide future behavior (Damasio & Bishop, 1996). By extension of this 

theory, individuals with mild neural disruption, as seen in MHI, may also experience a reduction 

in somatic markers, thus reducing the ability to anticipate certain contexts. It follows therefore, 

that without appropriate physical cues to anticipate events, these individuals would over react 
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more often and report more situations and events to be stressful than those without this same 

disruption.  

As predicted, individuals with GAD reported higher levels of perceived stress (as 

indicated by self-report arousal ratings and current day stress) relative to controls, however, when 

asked to report on the number of life stressors experienced, these same individuals reported 

numbers similar to controls, and significantly less than those with MHI. The Intolerance of 

Uncertainty model of GAD explains that these individuals are intolerant of ambiguous situations, 

finding them to be extremely stressful, thereby employing worry as a strategy to shift their 

attention away from the feared event and to suppress the accompanying autonomic responses 

(Behar et al., 2009; Roemer & Borkovec, 1993). In this context, persons with GAD are known to 

exhibit maladaptive and excessive worry about current and future events and situations, even 

those deemed neutral; thus, it is possible that they are not able to effectively recognize events to 

be more stress-evoking than others. This is an important distinction from individuals with MHI 

who do not experience the same anticipatory and ongoing stress or worry and, as such, are able to 

indicate when an event is particularly stressful. 

Fatigue has been noted in the literature as another effective indicator of autonomic 

arousal in a head injury population (e.g., Pardini et al., 2010), and it was expected that 

individuals with a history of MHI would report higher levels of somatic responsivity than 

controls, reflective of a reduced physiological arousal. While the MHI and GAD groups were not 

different from one another, both endorsed more somatic responsivity than the control groups. 

Interestingly, somatic symptoms were found to increase proportionally along with injury severity 

in persons with MHI. Such a finding is consistent with previous research in the TBI population 

which demonstrates that larger neurological disruption (e.g., lesions to the vmPFC) is associated 
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with increased levels of reported physical complaints, including fatigue (Pardini et al., 2010), 

suggesting that even amongst those with subtle neurological compromise affecting the vmPFC, 

this process is disrupted, resulting in less effective modulation of autonomic arousal and overall 

attenuated arousal levels. Given that fatigue is one of six possible symptoms (including muscle 

tension, restlessness, etc.) individuals may endorse, along with excessive worry, required for a 

diagnosis of GAD to be made, it is not surprising that individuals with GAD reported similar 

levels of fatigue to those with MHI. However, where persons with neural compromise experience 

higher levels of fatigue reflective of an attenuated autonomic arousal system, the fatigue felt by 

those with GAD is representative of a chronically active autonomic arousal system. 

Apprehensive behaviours, such as worrying, activate the body’s stress response (i.e., fight or 

flight response), facilitated through the Hypothalamus-Pituitary-Adrenal (HPA) Axis (Faravelli 

et al., 2012). The activation of the HPA axis is an adaptive response when confronted with an 

acute stressor, however, chronic stress, as observed in individuals with GAD, may lead to 

persistent activation of this system (Faravelli et al., 2012). Ongoing stress responses can lead to 

decreased energy levels, or fatigue, making fatigue a core symptom of GAD. Therefore, it should 

be noted that while these groups may report similar levels of fatigue, the underlying mechanism 

may be fundamentally different. 

With respect to the stress manipulation, it was expected that students with a history of 

MHI would display an attenuated physiological arousal level (indicated by EDA) during the 

Initial Baseline and Anticipatory phases. Further, these individuals would respond with a 

physiological overreaction to the Stress phase, demonstrating the highest EDA levels relative to 

both other groups; however, these elevated levels would not be maintained and would return to at 

or near their previous less aroused baseline levels soon afterward (i.e., Final Baseline). It also 
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was predicted that persons with a GAD diagnosis would demonstrate a restricted range of 

physiological response throughout the manipulation. 

The differences between the groups were not significant in the Initial Baseline phase, 

although the means for the MHI and control groups were in the expected direction such that 

individuals with a history of MHI did display lower levels of baseline arousal as indicated by 

EDA. Further, these individuals demonstrated a reduced arousal during the Anticipatory phase, 

when participants listened to an audio recording meant to induce a physiologic response, relative 

to both the GAD and control groups. Attenuated arousal levels when anticipating an event 

mirrors the findings associated with individuals who have experienced vmPFC disruption (e.g., 

Ciaramelli et al, 2007) and feeling psychologically and physiologically unprepared for possible 

outcomes may lead to an over-reaction when something does occur. Indeed, this theory would be 

supported by the MHI group’s exaggerated reaction in the Scare phase of the physiological 

arousal manipulation, however, no significant differences between the groups was found during 

this phase. Heightened reactivity in the MHI group in this phase relative to the previous phase 

approached significance and may reflect this process. The constraints of limited sample size may 

be at play and will be addressed in future studies. As expected, the MHI group had a quicker 

return to Final baseline EDA and it was attenuated relative to the other groups. Even so, most of 

the EDA findings were not consistent with our expectations.  

In addition, and contrary to expectations, the GAD group did not display a restricted 

range of physiological activity relative to controls. Range of EDA for those with GAD was more 

restrictive compared to those with a history of MHI. Further, individuals with GAD demonstrated 

similar levels of EDA to controls, despite being known to engage in chronic worry (Behar et al., 

2009; Borkovec et al., 1993; Roemer & Borkovec, 1993). Although individuals with a GAD 
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diagnosis endorsed greater worrying behaviour in this study, worry had no relationship to EDA 

levels in either the Anticipatory or Scare phase of this study. As explanation, given it has been 

theorized that those with GAD use worry as a cognitive mechanism in order to restrict autonomic 

arousal levels, the absence of a relationship between these two variables may reflect a diffusion 

of the worry experienced. That is, these individuals may have been anticipating negative 

outcomes throughout the manipulation thus diffusing their worry and reducing focus on the audio 

recording, allowing for a wider range of autonomic response. Alternately, the stress manipulation 

may not have been sufficient to produce the uncomfortable physiologic feelings of which these 

individuals are intolerant. In the absence of this physical cue (i.e., high level of arousal) 

individuals would not require autonomic suppression, and as such would physiologically react to 

the manipulation in a normative manner.  

Aggression. 

 As noted, aggression as a symptom outcome in TBI is very prominent in the TBI 

literature whereby individuals demonstrate a tendency to lash out and over-react when surprised 

or taken off guard (e.g., Aaronson & Llyod, 2015; Baguley et al., 2006; Tateno et al., 2003; Dyer 

et al., 2006). Notably, these aggressive outbursts are labelled as reactive aggression, where 

individuals display difficulty regulating their behaviour and as a result react impulsively in 

response to a perceived threat (Baguley et al., 2006). Contrary to predictions, no significant 

group differences were noted across any of the aggression measures as a function of MHI. 

Interestingly, a diagnosis of GAD was associated with increased anger, physical aggression, and 

hostility. This connection between anxiety and aggression has been noted in the literature, albeit 

to a minimal extent, given that anxiety is considered an internalizing disorder (i.e., feelings and 

problems focused inward onto the self) and aggression as an externalizing disorder (i.e., feelings 
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and behaviours are focused outward though maladaptive behaviours). Comorbidity between 

anxiety and externalizing disorders may be difficult to reconcile conceptually, however in child 

and youth populations, comorbid diagnoses of GAD and various aggressive disorders such as 

Oppositional Defiant Disorder (ODD) and Conduct Disorder (CD) are elevated relative to the 

general population indicating that individuals with anxiety are at an increased risk of displaying 

aggressive tendencies (Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Ford, Goodman, & 

Meltzer, 2003; Fleitlich-Bilyk & Goodman, 2004). Within the framework of the Frustration-

Aggression Theory, the link between anxiety and aggression may be further elucidated. 

Berkowitz’s theory suggests that an increase in negative affect (i.e., unpleasant emotions or 

feelings), such as anxiety, generates aggressive inclinations associated with the fight or flight 

response, as the individual attempts to escape or neutralize the source of the negative affect 

(Berkowitz, 1989). Thus, it can be argued that students with a GAD diagnosis experience higher 

levels of negative affect, and as a result, have an increased propensity toward reactive aggression.  

 Anxiety. 

 It was predicted that students with a GAD diagnosis would report the highest level of 

anxiety symptoms overall, relative to those with MHI and healthy controls. Both those with GAD 

and those with MHI reported higher levels of various anxiety constructs (e.g., frequency, 

intensity and duration of anxiety, and irritability) when compared to their non-injured, non-GAD 

cohort. Interestingly, those in the MHI and GAD groups differed in their ratings of frequency and 

intensity of anxiety, with the GAD group reporting higher levels as predicted, yet also reporting 

similar levels of duration of anxiety. Therefore, it may be that although individuals with GAD 

experience anxiety more often and more intensely than those with a history of MHI, persons with 

MHI perceive their anxiety to be as long lasting as individuals with this chronic anxiety disorder. 
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This may reflect the assumption that the repeated physiologic overreactions individuals with 

MHI experience are interpreted retrospectively as symptoms of anxiety. 

Contrary to expectations, students with a history of MHI endorsed significantly higher 

levels of anxiety on many subscales (affective, somatic; state) than did controls, at levels similar 

to those with GAD. Moreover, a positive correlation between MHI and GAD status indicates that 

a history of MHI increases the probability of being diagnosed with GAD and further, more 

severe injuries compound this effect, findings consistent with recent literature (Osborn et al., 

2016). This increased rate of GAD diagnosis following MHI cause us to question whether the 

anxiety experienced by persons who have experienced an injury to the head are qualitatively 

equivalent to those who have not. 

Therefore, we suggested that individuals who had previously sustained an MHI would 

display higher levels of somatic symptoms of anxiety relative to cognitive and affective 

components. It was noted that students with GAD endorsed equal levels of cognitive, affective, 

and somatic anxiety, whereas the MHI group endorsed the highest levels of anxiety from within 

the somatic subscale alone. Further, the number of somatic symptoms of anxiety reported was 

found to increase in concert with the number of head injury indicators, indicating that more 

severe head injuries are related to experiencing somatic symptoms of anxiety. Thus, we argue 

that perhaps even a mild head injury can negatively affect the ability to anticipate and respond 

appropriately to stressful situations, and that as a result, these individuals experience somatic 

symptoms of anxiety such as racing heart, upset stomach, or shaking once they encounter an 

unexpected situation, suggesting that the anxiety experienced by those with a history of MHI 

may be fundamentally different than that of non-injured individuals with anxiety.  

Worry. 
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 As expected, given that worry is a cardinal feature of GAD, the GAD group confirmed 

the experience of extensive worrying relative to either the MHI or healthy comparison groups. 

Further, injury severity did not correlate with the amount of worry experienced by MHI 

participants. The IUM suggest that, individuals with GAD use worry as a cognitive response to a 

maladaptive anticipation of future events and further that the worry enables the individual to 

suppress physiological responses that accompany psychological stress (Behar et al., 2009; 

Roemer & Borkovec, 1993). In contrast, reduced visceral feedback after experiencing MHI may 

lead to psychological and physiological unpreparedness resulting in an over-reaction ‘surprise’ 

response that may mirror anxiety or worry – but is a very different construct.  

Conclusions and Limitations 

The current study attempts to address some of the discrepancies in the literature regarding 

anxiety (in particular GAD), aggression, and MHI. Much research has investigated aggression 

and anxiety diagnoses following TBI. Similarly, many researchers have studied categorical 

anxiety diagnoses following MHI. However, little has been done examining the components of 

anxiety (cognitive, affective, somatic) that individuals report following MHI and how those 

may differ from a normative population. 

In previous studies, measures of physiological arousal including EDA, pulse, and fatigue 

have been found to be attenuated in an MHI population, and although the current results only 

partially support this view, individuals with MHI did report the highest levels overall of somatic 

complaints (inclusive of fatigue) indicating the potential of a suppressed or dampened autonomic 

system. Furthermore, the lower level of EDA during the Anticipatory phase of the manipulation 

relative to a subsequent exaggerated EDA response upon experiencing the Scare phase, provides 

indirect support of an attenuated physiological arousal during the prompting of an impending, 
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negative outcome followed by a potential over-reaction due to the onset of an unexpected 

negative event. 

The current study also sought to differentiate the types of aggression reported by 

individuals with MHI or GAD. The unexpected finding that those with GAD reported more 

aggressive symptoms overall may represent a comorbidity between anxiety and disruptive 

behaviour diagnoses such as aggression.  

 Most outstanding is the finding that students with an MHI report higher levels of somatic 

symptoms of anxiety relative to cognitive and affective symptoms, whereas individuals with 

GAD report equal levels of all symptom component subtypes. These findings indicate that the 

anxiety associated with MHI may be fundamentally different than that of a GAD diagnosis and 

has implications for the diagnoses and treatment for individuals with anxiety following MHI.  

 Finally, while a GAD diagnosis was captured by the primary symptom of worry, neither a 

history of MHI, nor its severity had any relation to the reporting of experiencing worry. As such, 

a GAD diagnosis, which is common following MHI, may not always be the appropriate label for 

the type of anxiety they portray and experience, nor reflective of the MHI condition.  

Limitations of our research must be acknowledged. While these patterns of results are 

compelling, an increase in sample size for each of these groups would improve the power with 

which to investigate these relationships more comprehensively. Due to the division of 

participants into three groups (control, GAD, MHI), samples sizes were small and unequal, and 

therefore the probability of uncovering a statistical difference between groups was diminished. 

Future studies should aim to recruit higher numbers of participants, in more equal numbers.  

Further, while sex differences in EDA are not problematic (e.g., Roman, Garcia-Sanchez, 

Martinez-Selva, Gomez-Amor, & Carrillo, 1989), they do make a difference in other studies on 
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measures of anxiety (e.g., females having higher incidences than males – e.g., McLean, Asnaani, 

Litz, & Hofmann, 2011) and on incidence in TBI (i.e., males are more likely to sustain head 

injury than are females across the lifespan - e.g., Gupte, Brooks, Vukas, Pierce, & Harris, 2019; 

but females experience a more severe response and recovery - e.g., Arambula, Reinl, El 

Demerdash, McCarthy, & Robertson, 2019). Similarly, while no sex variances were observed in 

our study, increasing sex representation in future studies is recommended since aggression types 

(but not incidence) also vary as a function of sex (e.g., Bjorkqvist, 2017). 

In addition, university is known to be a pressured and anxiety-provoking environment and 

as a result many students in the sample may have been experiencing high levels of stress. More 

representative baseline behavioural and physiological differences may become more evident with 

a sample of individuals who are subject to less direct or intense immediate stress. Moreover, 

university students may be considered, on the whole, as high-functioning individuals and the 

majority of those who have suffered a previous MHI tend to be asymptomatic or may have 

developed the skills necessary to overcome and/or manage any negative effects of their injury – 

including mood state variances. All these factors make differences between the groups extremely 

subtle and difficult to uncover.  

Importantly, this study leaves us to question whether the term ‘reactive aggression’ is one 

that applies to a head injury population, or if in fact, what appears as aggression may be an over- 

reactivity to unexpected stimuli as a consequence of an underaroused physiological system. The 

inconsistent results in the current study cause us to question whether the measures used to 

capture reactivity and aggression are truly reflective of the over-reactivity (i.e., surprise/shock) 

individuals with MHI experience following an outcome for which they are not psychologically or 

physiologically prepared. It is possible that expressive behaviours that may appear reactive (e.g., 
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hitting another person when startled, swearing when something unexpected happens) may not be 

captured on these measures. For example, items representative of reactive aggression on the 

STAXI (e.g., ‘I am a quick-tempered person’, ‘I have a fiery temper’, ‘I am a hotheaded person’) 

may not accurately reflect the over-reactivity persons with MHI experience. Descriptions that 

more accurately capture the behaviours that result from a lack of anticipation and feeling ‘caught 

off guard’ (e.g., ‘I tend to over react to unexpected situations’, ‘I am likely to lash out when I am 

surprised by outcomes I did not expect’) are essential. To our knowledge, no such measure exists 

and therefore future research should look toward creating a measure more reflective of this 

experience thereby further clarifying the subtle differences in aggressive-like symptoms between 

those with MHI and the general population.  

In closing, how aggressive and anxiety symptoms following head injury are characterized 

or described is critical for understanding the individual’s status. Being aware that traditional 

measures of diagnosing anxiety disorders (e.g., SCID) may be less relevant in a head injured 

population, will aid health care workers in developing effective treatment plans for these 

individuals, leading to better recovery rates. Misdiagnosis could have important implications for 

treatment and further complicate an already difficult recovery. Acknowledging and 

understanding how neural disruption following MHI leads to behaviours and symptoms such as 

these can guide future implementation of appropriate treatment models. 
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a) Changes increasing the risk to the participant(s) and/or affecting significantly the conduct of the study;  

b) All adverse and/or unanticipated experiences or events that may have real or potential unfavourable 
implications for participants;  

c) New information that may adversely affect the safety of the participants or the conduct of the study;  

d) Any changes in your source of funding or new funding to a previously unfunded project.  
 
We wish you success with your research.  
Approved:  
 
Ann-Marie DiBiase, Chair  
Social Science Research Ethics Board  
 
Note: Brock University is accountable for the research carried out in its own jurisdiction or under its 
auspices and may refuse certain research even though the REB has found it ethically acceptable.  

If research participants are in the care of a health facility, at a school, or other institution or community 
organization, it is the responsibility of the Principal Investigator to ensure that the ethical guidelines and 

clearance of those facilities or institutions are obtained and filed with the REB prior to the initiation of 
research at that site. 

 

      Participant ________________ 
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 Procedure        

          
 

           

 Informed Consent        

          
 

  "Now we're going to get you connected to the physio equipment"   
 

           

 Connect to physio equipment       

          

 "On a scale of 1 to 10 with 1 being not at all stressed and 10 being very stressed, how are you 

 feeling right now?" _______       
 

           

 "I will now take a 3-minute recording. Please sit in a comfortable and relaxed position. 

 During this time, you will need to sit as quietly and as still as possible."   
 

           

 Remove physio equipment       

          

 3 minute Baseline EDA  ____________ BP _________ Pulse    

          

 "Now I'm going to ask you to complete the questionnaires in this folder. Note that some  

 are double-sided. If you have any questions, feel free to ask me at any time.."  
 

           

 Start time for questionnaires __________am/pm     

          

 Questionnaires up to but not including ELQ and SCID    

          

 Finish time for questionnaires________am/pm     

          

 Length of time to complete (in minutes) ________     

          

 "Now we're going to re-connect you to the physio equipment"   
 

           

 Connect physio equipment       

          

 "On a scale of 1 to 10 with 1 being not at all stressed and 10 being very stressed, how are you 

 feeling right now?" _______       

           

 "I will now take another 3-minute recording. Please sit in a comfortable and  
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 relaxed position. Again, you will need to sit as quietly and as still as possible."  
 

           

 3 minute interim EDA  ____________ BP _________ Pulse    

          

 "I will now play an audio recording for you to listen to. During this time I will ask  

 you to sit as quietly and as still as possible. Do you have any questions?"  
 

           

 Audio recording        

          

 "I will now take another 3-minute recording. Please sit as quietly and as still as possible". 
 

           

 3 minute post EDA ____________ BP _________ Pulse    

          

 Remove physio equipment       

          

 "Now if you could please complete this questionnaire. Again, if you have any questions 

  at any time, let me know. And let me know when you're done." Give ELQ  
 

           

 Start time for questionnaires __________am/pm     

          

 "I'm going to administer the last questionnaire in this study to you. The length of   

 the questionnaire will depend on your responses. Do you have any questions?"  
 

           

 Finish time for questionnaires________Length of time to complete (in minutes) ________ 

          

 "I will now take one final physio recording for just 1 minute."    
 

           

 Connect physio equipment       

          

 "On a scale of 1 to 10 with 1 being not at all stressed and 10 being very stressed, how are you 

 feeling right now?" _______       
 

           

 "Please sit in a comfortable and relaxed position.     

 Again, you will need to sit as quietly and as still as possible."    
 

           

 1 minute final EDA ____________ BP _________ Pulse    
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  Debrief and additional signature      
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Transcript of Recording for Arousal Manipulation 

 

Please close your eyes and listen to my voice. Imagine yourself in the scenario I am about to 

describe. 

Imagine that you are walking …alone…at night…through a part of town where you have 

never been before, and suddenly you realize you have lost your way   

You have no idea where you are. You are unsure if you should stop and ask someone for 

directions, but the street appears to be deserted, not a soul in sight, so you try to find your 

way by yourself. 

You continue to walk down the street, hoping to see something familiar, but nothing is. 

The sun is quickly setting, and it is getting darker and darker on the long narrow street 

Suddenly, the only street light that is working goes out.  It’s so dark you can hardly see one 

step in front of yourself.  You know you can’t stop and stay where you are, so you keep 

walking ahead slowly, one step at a time.   

Faintly, you hear footsteps coming from somewhere in the distance behind you. You hope 

you’re imagining it, so you strain to hear them better. They are definitely footsteps, and they 

are growing louder and louder, coming closer and closer to you 

It is then you realize that someone is walking behind you.   

Whoever it is, it sounds as though they are still far away right now, but with every step you 

take, carefully and slowly, the footsteps behind you continue to grow closer, and closer.   

You decide to step off the narrow sidewalk and hope the other person continues walking and 

passes you by, leaving you to continue to find your way along the dark street.  You are 

standing there in the dark, silently waiting, and hoping the person walks by you. It is then you 

realize you are not alone 

Someone else is standing right next to you…. 

(Loud bang sounds) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GENERALIZED ANXIETY DISORDER FOLLOWING MILD HEAD INJURY  96 
 

 
 

List of Questionnaires 

 

1. Beck Anxiety Inventory - (BAI; Beck, Epstein, Brown, & Steer, 1988).  

 

2. State-Trait Anxiety Inventory - (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). 

Protected. 

 

3. Buss & Perry Aggression Questionnaire (BPAQ; Buss & Perry, 1992).  

 

4. State-Trait Anger Expression Inventory-2 (STAXI-2; Spielberger, 1999). Protected. 

 

5. Penn State Worry Questionnaire - (PSWQ; Meyer, Miller, Metzger, Borkovec, 1990).  

6. Personality Assessment Inventory - All subscales, Anxiety (ANX), Anxiety Related Disorders 

(ANX) and Somatic Concerns (SOM) Subscales (PAI; Morey, 2007). Protected. 

 

7. Everyday Living Demographic Questionnaire - (ELQ; Brock University Neuropsychology 

Cognitive Research Lab).  

 

8. Structured Clinical Interview for DSM-5 Disorders (SCID-5; First & Gibbon, 2004). 

Protected. 
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Beck Anxiety Inventory (BAI) 

Below is a list of common symptoms of anxiety. Please carefully read 
each item in the list. Indicate how much you have been bothered by 
that symptom during the past week, including today, by checking the 
box in the corresponding space in the column next to each symptom. 

 

 Not At All Mildly but it 
didn’t 

bother me 
much 

Moderately - 
it wasn’t 

pleasant at 
times 

Severely – it 
bothered 
me a lot 

Numbness or tingling □ □ □ □ 
Feeling hot □ □ □ □ 
Wobbliness in legs □ □ □ □ 
Unable to relax □ □ □ □ 
Fear of worst 
happening 

□ □ □ □ 

Dizzy or lightheaded □ □ □ □ 
Heart pounding/racing □ □ □ □ 
Unsteady □ □ □ □ 
Terrified or afraid □ □ □ □ 
Nervous □ □ □ □ 
Feeling of choking □ □ □ □ 
Hands trembling □ □ □ □ 
Shaky / unsteady □ □ □ □ 
Fear of losing control □ □ □ □ 
Difficulty in breathing □ □ □ □ 
Fear of dying □ □ □ □ 
Scared □ □ □ □ 
Indigestion □ □ □ □ 
Faint / lightheaded □ □ □ □ 
Face flushed □ □ □ □ 
Hot/cold sweats □ □ □ □ 
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Buss and Perry Aggression Questionnaire  

Instructions: 

Using the 5 point scale shown below, indicate how uncharacteristic or characteristic each of 

the following statements is in describing you. Place your rating in the box to the right of the 

statement. 

 

1 = extremely uncharacteristic of me 

2 = somewhat uncharacteristic of me 

3 = neither uncharacteristic nor characteristic of me 

4 = somewhat characteristic of me 

5 = extremely characteristic of me 

 
1. Some of my friends think I am a hothead 

2. If I have to resort to violence to protect my rights, I will. 

3. When people are especially nice to me, I wonder what they want. 

4. I tell my friends openly when I disagree with them. 

5. I have become so mad that I have broken things. 

6. I can’t help getting into arguments when people disagree with me. 

7. I wonder why sometimes I feel so bitter about things. 

8. Once in a while, I can’t control the urge to strike another person. 

9.* I am an even-tempered person. 

10. I am suspicious of overly friendly strangers. 

11. I have threatened people I know. 

12. I flare up quickly but get over it quickly. 

13. Given enough provocation, I may hit another person. 

14. When people annoy me, I may tell them what I think of them. 

15. I am sometimes eaten up with jealousy. 

16.* I can think of no good reason for ever hitting a person. 

17. At times I feel I have gotten a raw deal out of life. 

18. I have trouble controlling my temper. 

19. When frustrated, I let my irritation show. 

20. I sometimes feel that people are laughing at me behind my back. 

21. I often find myself disagreeing with people. 
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22. If somebody hits me, I hit back. 

23. I sometimes feel like a powder keg ready to explode. 

24. Other people always seem to get the breaks. 

25. There are people who pushed me so far that we came to blows. 
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The Penn State Worry Questionnaire (PSWQ) 
 

Instructions: Rate each of the following statements on a scale of 1 (“not at all typical of me”) to 5 (“very 

typical of me”). Please do not leave any items blank. 

 

 
Not at all typical 

of me 
  

Very typical 

of me 

1. 
If I do not have enough time to do everything, 

I do not worry about it. 
1 2 3 4 5 

2. My worries overwhelm me. 1 2 3 4 5 

3. I do not tend to worry about things. 1 2 3 4 5 

4. Many situations make me worry. 1 2 3 4 5 

5. 
I know I should not worry about things, but 

I just cannot help it. 
1 2 3 4 5 

6. When I am under pressure I worry a lot. 1 2 3 4 5 

7. I am always worrying about something. 1 2 3 4 5 

8. I find it easy to dismiss worrisome thoughts. 1 2 3 4 5 

9. 
As soon as I finish one task, I start to worry 

about everything else I have to do. 
1 2 3 4 5 

10. I never worry about anything. 1 2 3 4 5 

11. 
When there is nothing more I can do about a 

concern, I do not worry about it any more. 
1 2 3 4 5 

12. I have been a worrier all my life. 1 2 3 4 5 

13. 
I notice that I have been worrying about 

things. 
1 2 3 4 5 

14. Once I start worrying, I cannot stop. 1 2 3 4 5 

15. I worry all the time. 1 2 3 4 5 

16. I worry about projects until they are all done. 1 2 3 4 5 
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Everyday Living Questionnaire 

 

Please fill in, check off, or circle an answer for each of the following. If you have any 

questions regarding clarification, please ask the researcher. Thank you for your time and 

effort! 

 

1. How old are you? ______ years of age 

 

2. Sex:    Male ❑   Female ❑ 

 

3. What is your relationship status? 

Single ❑  Divorced ❑ 

In a relationship (not married) ❑  Widowed ❑ 

Married ❑  Separated ❑ 

 

4. What is the highest level of education you have presently completed? 

(e.g., if you finished high school last year and are currently in your first year of university, 

you have completed high school/Grade 12) 

Less than high school ❑    

High School/Grade 12 ❑    

College (years) 1 2 3 4+ 

University (years) 1 2 3 4+ 

 

5. What is the highest level of education your mother has received?  

Less than high school ❑    

High School/Grade 12 ❑    

College (years) 1 2 3 4+ 

University (years) 1 2 3 4+ 

Unsure ❑    

 

6. What is the highest level of education your father has received?  

Less than high school ❑    

High School/Grade 12 ❑    

College (years) 1 2 3 4+ 

University (years) 1 2 3 4+ 

Unsure ❑    

 

7. What is the overall average income your parent(s)/guardian(s)? 

Under $25,000 ❑ $125,000 - $149,999 ❑ 

$25,000 – $49,999 ❑ $150,000 or more ❑ 

$50,000 – $74,999 ❑ Unsure ❑ 

$75,000 - $99,999 ❑ N/A ❑ 

$100,000 – $124,999 ❑   
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8. With which ethnicity do you identify most with:  

Latin American ❑ 

White (Caucasian) ❑ 

South East Asian ❑ 

South Asian ❑ 

Korean ❑ 

Japanese ❑ 

Filipino  ❑ 

Chinese  ❑ 

Arab/West Asian (e.g., Armenian, Egyptian, Iranian, 

Lebanese, Moroccan) 
❑ 

Aboriginal (e.g., Inuit, Metis, American Indian) ❑ 

Black (e.g., African, Haitian, Jamaican, Somali) ❑ 

Other             

       Please Specify: _____________ 
❑ 

 

9. Which faculty is your major affiliated with? 

Social Sciences ❑ 

Humanities ❑ 

Maths and Sciences ❑ 

Education ❑ 

Applied Health Sciences ❑ 

Business ❑ 

Undeclared  ❑ 

  

10. Which hand is your dominant hand (i.e., are you right or left-handed)?  Right ❑  Left ❑  

Both ❑ 

 

11.  Have you ever been hospitalized for (check all that apply)?  

Fractures  ❑ 

Illness ❑ 

Surgery  ❑ 

Neurological complications  ❑ 

Other ❑ 

 

If you checked off any of the above, briefly please provide details: 

e.g., How old were you?  How did it happen?  
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12. Have you ever been diagnosed with a neurological condition (e.g., epilepsy, multiple 

sclerosis, migraines, stroke, etc.)?      Yes ❑   No ❑ 

 

13. Have you ever been diagnosed with a psychiatric condition (e.g., depression, anxiety, 

schizophrenia, etc.)?  Yes ❑   No ❑ 

 

a. If yes, if you wish to disclose your diagnosis, please do so: 

 

 

 

14. Are you currently taking any prescribed medications for a neurological or psychiatric 

condition? Yes ❑   No ❑ 

 

a. If yes, if you wish to disclose what medication, please do so: 

 

 

 

15. Are you currently taking any prescribed medication for a thyroid condition?    Yes ❑   No ❑ 

 

a. If yes, please explain if you feel comfortable:  

 

 

 

16. Are you currently taking any oral contraception (i.e., birth control)?   Yes ❑   No ❑ 

    

17. Do you take medication for asthma such as an inhaler?     Yes ❑   No ❑  

 

18. Have you ever sustained an injury to your head with a force sufficient to alter your 

consciousness 

(e.g. confusion, dizziness, vomiting, seeing stars, or loss of consciousness)?   Yes ❑   No ❑ 

 

19. Have you ever sustained a concussion?    Yes ❑   No ❑ 

 

20. If you answered yes to question 17, did you experience these symptoms for more    Yes ❑   

No ❑ 

than 20 minutes?    

 

 

 

 

 

 

 

 

If you answered NO to BOTH question 18 and 19, move ahead to question 38 (page 7) 

 

If you answered YES to question 18 OR 19, please answer the following questions:  

If you have had more than one injury, please refer to the MOST RECENT time you injured your head: 
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21. Was there evidence of intracranial injury (e.g., internal bleeding) or skull fracture?    

 Yes ❑   No ❑   Unknown ❑ 

 

        

22. Did you experience a loss of consciousness associated with    Yes ❑   No ❑   Unknown ❑ 

the head injury?    

 

a. If you answered yes, how long was the loss of consciousness? 

< 5 minutes ❑ < 1 week ❑ 

< 30 minutes ❑ < 1 month ❑ 

< 24 hours ❑ > 1 month ❑ 

 

23. Where did you strike/hit your head? 

Front of the head ❑ 

Back of the head ❑ 

Right side of the head ❑ 

Left side of the head ❑ 

Top of the head ❑ 

Neck ❑ 

Indirect force (head was not directly hit) ❑ 

Cannot remember ❑ 

Other  ❑ Provide brief details: 

 

 

 

24. How did you injure your head? 

Motor vehicle collision ❑ 

Fall ❑ 

Assault ❑ 

Fight ❑ 

Sports-related injury  ❑ Please specify sport:  

 

 

Other  ❑ Please specify: 

 

 

 

25. Please briefly describe the incident during which the head injury occurred:    
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26.   Please answer the following questions:     

  

a. Did the head injury require stitches?  Yes ❑   No ❑    

 

b. Are there any events just BEFORE the injury that you have no memory of?    Yes ❑   

No ❑    

 

c. Are there any events just AFTER the injury that you have no memory of?       Yes ❑   

No ❑       

d. Did you receive medical treatment for your injury? Yes ❑   No ❑    

 

e. Did you stay overnight at a medical care facility?    Yes ❑   No ❑    

 

f. Approximately how old were you at the time of injury? __________ years  

 

g. How many months or years have passed since you hit your head? ______ months _____ 

years 

 

h. Did the injury result in any litigation process (e.g., a lawsuit or legal action)?    Yes ❑   

No ❑    

 

27. Have you sustained more than one injury to your head with a force sufficient        Yes ❑   No 
❑    

to alter your consciousness (e.g., confusion, dizziness, vomiting,  

seeing stars, or loss of consciousness)?  

 

28. Have you sustained more than one concussion?  Yes ❑   No ❑    

            

a. If yes to 28 or 29, how many times? _________ 

 

 

29. If you answered yes to question 24, did you experience these symptoms for         Yes ❑   No 
❑    

more than 20 minutes?    

 

30. Was there evidence of intracranial injury (e.g., internal bleeding) or skull fracture?    

 Yes ❑   No ❑   Unknown ❑ 

        

 

If you answered NO to BOTH question 27 and 28, move ahead to question 36 (page 7)  

 

If you answered YES to question 27 OR 28, please answer the following questions with respect to your 

FIRST (LEAST RECENT) head injury: 
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31. Did you experience a loss of consciousness with the head injury?     Yes ❑   No ❑    

 

a. If you answered yes, how long was the loss of consciousness? 

< 5 minutes ❑ < 1 week ❑ 

< 30 minutes ❑ < 1 month ❑ 

< 24 hours ❑ > 1 month ❑ 

 

32. Where did you strike/hit your head? 

Front of the head ❑ 

Back of the head ❑ 

Right side of the head ❑ 

Left side of the head ❑ 

Top of the head ❑ 

Neck ❑ 

Indirect force (head was not directly hit) ❑ 

Cannot remember ❑ 

Other  ❑ Provide brief details: 

 

 

33. How did you injure your head? 

Motor vehicle collision ❑ 

Fall ❑ 

Assault ❑ 

Fight ❑ 

Sports-related injury  ❑ Please specify sport:  

 

 

Other  ❑ Please specify: 

 

 

 

34. Please briefly describe the incident during which the head injury occurred:    

 

 

 

 

 

35.  Please answer the following questions:     

 

a. Did the head injury require stitches?  Yes ❑   No ❑    
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b. Are there any events just BEFORE the injury that you have no memory of?    Yes ❑   

No ❑    

 

c. Are there any events just AFTER the injury that you have no memory of?       Yes ❑   

No ❑       

d. Did you receive medical treatment for your injury? Yes ❑   No ❑    

 

e. Did you stay overnight at a medical care facility?    Yes ❑   No ❑    

 

f. Approximately how old were you at the time of injury? __________ years  

 

g. How many months or years have passed since you hit your head? ______ months _____ 

years 

 

h. Did the injury result in any litigation process (e.g., a lawsuit or legal action)?    Yes ❑   

No ❑   

 

36. Have you ever been involved in a litigation process (e.g., lawsuit) of any sort?  Yes ❑   No ❑   

  

37. Have you ever experienced any other neural trauma (e.g. stroke, anoxia)?  Yes ❑   No ❑    

 

a. If yes, please explain: 

 

 

 

38. Do you smoke cigarettes? Yes ❑   No ❑    

 

a. If yes, approximately how many cigarettes do you smoke in a day? ________ 

 

39. On average, how many days per week do you consume alcohol?  ________ days/week 

 

 
 

40. On average, how many drinks do you consume in one outing? ________ drinks 

 

41. On average, how many days per week do you drink to intoxication? ________ days/week 

 

42. Do you engage in recreational drug use?   Yes ❑   No ❑    

 

If you were instructed to move ahead to question 36 please begin here 
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43. Do you regularly smoke marijuana? Yes ❑   No ❑ (If no, move to question 44) 

 

a. If you answered yes, how long have you been smoking marijuana in months? ________ 

months 

 

b. In your lifetime, how many times have you smoked? 

1-2 ❑ 51-100 ❑ 

3-10 ❑ 101-300 ❑ 

11-30 ❑ 301+ ❑ 

31-50 ❑   

 

c. Please rate your marijuana use in the past 30 days. 

No use ❑ Weekly ❑ 

Once or Twice  ❑ Daily ❑ 

 

d. Have you had symptoms in the past you believe were caused, aggravated,  Yes ❑   No 
❑ 

or ameliorated by marijuana smoking?   

   

If yes, please explain: 

 

 

 

e. Do you have current symptoms that you believe are caused or aggravated       Yes ❑   

No ❑ 

by marijuana use?           

  

If yes, please explain: 

 

 

 

 

      f. What are your general motives for using marijuana? Select all that apply. 

   

 

 

 

 

To deal with anxiety ❑ 

To cope with pain  ❑  

For pleasure ❑ 

Other  ❑ Please explain: 
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44. Do you take any performance enhancing drugs (e.g., ergogenic drugs such as anabolic 

steroids, hormones; stimulant drugs – other than caffeine-based products, see below – such as 

amphetamine, ephedrine)?    Yes ❑   No ❑ 

 

45. Did you consume caffeine today (e.g., coffee, tea, energy drink, chocolate)?   Yes ❑   No ❑ 

 

a. If yes, how much did you consume in milligrams? __________ 

 

 
 

 b.   If yes, how much time has passed since you last consumed caffeine today?  

 

 

 

  

 

46. Do you have sensitivity to perfumes or scents? Yes ❑   No ❑ 

     

a. If yes, please rate your sensitivity on a scale from 1 to 9 (circle one number): 

 

 

 

 

 

 

 

47.  Do you have a valid driver’s license?      Yes ❑   No ❑ 

        

a. If yes, how long have you had a driver’s license?  

 

 

 

 

 

 

48. Do you wear glasses or contacts?    Yes ❑   No ❑ 

          

49. What is your current living situation?  

Less than 1 hour ❑ 

1 hour or More  ❑  

Not at 

all 

Sensitive 

       Very 

Sensitive 

1 2 3 4 5 6 7 8 9 

1-3 years ❑ 

4-6 years ❑  

7 + years ❑ 

N/A  ❑  

On your own ❑ 

With roommates ❑  
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50. How many university courses are you taking this semester?  

 

 

 

 

 

 

 

 

51. Please rate your enjoyment of academics on a scale from 1 to 9 (circle one number): 

 

 

 

 

 

 

 

52. What is your current academic average across all courses this semester (overall average)? 

  

 

 

 

 

 

 

 

 

 

53. Have you ever received any extra assistance during your educational history?    Yes ❑   No 
❑ 

 

a. If yes, please check all that apply: 

 

 Elementary School High School University 

Learning resource teacher    

Tutor    

Educational assistant    

Speech Language Pathologist    

With partner ❑ 

With parents/guardians  ❑  

Other ❑ 

1-2 courses ❑ 

3 courses ❑  

4 courses ❑ 

5 courses  ❑  

6 + courses ❑ 

N/A ❑ 

Do not 

enjoy 

 at all 

       Enjoy  

Very 

Much 

1 2 3 4 5 6 7 8 9 

< 50% ❑ 

50 – 59 % ❑ 

60 – 69% ❑  

70 – 79% ❑ 

80 – 89%  ❑  

90% + ❑ 

Unsure ❑ 

N/A ❑ 
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Occupational Therapist    

Physical Therapist    

Other (Please specify):  

 

 

   

 

54. Have you ever been diagnosed or classified as having a Learning Disorder?   Yes ❑   No ❑ 

 

55. Do you currently consider yourself a musician?   Yes ❑   No ❑                 

 

56. Have you ever considered yourself to be a musician?   Yes ❑   No ❑  

   

a. If yes to 55 or 56, at what level did you/do you play/perform? 

  

  

  

  

 

b. How many years did you play/perform for (if current, how many years have you been 

playing for)?  _________ years 

 

c. What age did you start playing/performing at? _________ years old 

 

  

57. How many hours per week do you listen to music?  

 

 

 

 

 

 

 

 

 

58. Please indicate the type of music you listen to MOST often (choose one only)? 

 

Country ❑ 

Classical ❑ 

Rock ❑ 

R&B ❑ 

Blues ❑ 

Independent (Indie ❑ 

Jazz ❑ 

Hip Hop ❑ 

Electronic (House/Dance) ❑ 

Professionally ❑ 

Recreationally  ❑ 

Both ❑ 

0 ❑ 

1-2 ❑ 

3-5 ❑  

5-10 ❑ 

10-20 ❑  

20-40 ❑ 

40 + ❑ 
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Rap ❑ 

Folk/Celtic  ❑ 

Pop ❑ 

Opera ❑ 

Heavy Metal ❑ 

Reggae ❑ 

Acoustic/Soft Rock ❑ 

Other ❑ Provide brief details: 

 

 

59. Please rate your enjoyment of your life situation on a scale from 1 to 9 (circle one number): 

 

 

 

60. Please rate how stressful your day-to-day life is on a scale from 1 to 9 (circle one number): 

 

 

 

 

 

 

61. Do you currently engage in any sporting/athletic activities?   Yes ❑   No ❑ 

 

a. If yes, which sport(s) do you currently participate in (check all that apply): 

 

 Recreational Competitive Both  

Soccer    

Hockey    

American Football    

Fencing    

Figure Skating    

Volleyball    

Cheerleading    

Baseball/Softball    

Basketball    

Track and Field    

Indoor Soccer    

Do not 

enjoy 

 at all 

       Enjoy  

Very 

Much 

1 2 3 4 5 6 7 8 9 

Not 

stressful 

 at all 

       Very 

Stressful 

1 2 3 4 5 6 7 8 9 
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Extreme Intramurals (Mixed 

Sports) 
   

Martial Arts    

Tennis    

Rowing/Kayak    

Lacrosse    

Rugby    

Wrestling    

Curling    

Swimming    

Other (Please specify):  

 

 

   

 

b. How many hours per week do you currently participate in sports? 

 

  

  

  

  

  

  

  

 

c. Out of the sports endorsed above, which ONE do you participate in the most each 

week? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0-1 hour ❑ 

1-2 hours ❑ 

2-5 hours ❑  

5-10 hours ❑ 

10-12 hours ❑  

12+ hours ❑ 

Soccer ❑ Extreme Intramurals (Mixed Sports) ❑ 

Hockey ❑ Martial Arts ❑ 

American Football ❑ Tennis ❑ 

Fencing ❑ Rowing/Kayak ❑ 

Figure Skating ❑ Lacrosse ❑ 

Volleyball ❑ Rugby ❑ 

Cheerleading ❑ Wrestling ❑ 

Baseball/Softball ❑ Curling ❑ 

Basketball ❑ Swimming ❑ 

Track and Field ❑ Indoor Soccer ❑ 

Other (Please specify):  

 

 

❑ 
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62. Did you engage in any sporting/athletic activities in high school?   Yes ❑   No ❑  

 

a. If yes, which sport(s) did participate in when you were in high school (check all that 

apply): 

 

 Recreational Competitive Both  

Soccer    

Hockey    

American Football    

Fencing    

Figure Skating    

Volleyball    

Cheerleading    

Baseball/Softball    

Basketball    

Track and Field    

Indoor Soccer    

Extreme Intramurals (Mixed Sports)    

Martial Arts    

Tennis    

Rowing/Kayak    

Lacrosse    

Rugby    

Wrestling    

Curling    

Swimming    

Other (Please specify):  

 

 

   

 

b. How many hours per week did you participate in sports in high school? 

 

  

  

  

  

  

  

  

 

0-1 hour ❑ 

1-2 hours ❑ 

2-5 hours ❑  

5-10 hours ❑ 

10-12 hours ❑  

12+ hours ❑ 
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c. Out of the sports endorsed above, which ONE did you play the most in high school?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

63.  Did you engage in any sporting/athletic activities in elementary school?   Yes ❑   No ❑  

 

a. If yes, which sport(s) did participate in when you were in elementary school (check all 

that apply): 

 

 Recreational Competitive Both  

Soccer    

Hockey    

American Football    

Fencing    

Figure Skating    

Volleyball    

Cheerleading    

Baseball/Softball    

Basketball    

Track and Field    

Indoor Soccer    

Extreme Intramurals (Mixed Sports)    

Martial Arts    

Tennis    

Rowing/Kayak    

Lacrosse    

Rugby    

Soccer ❑ Extreme Intramurals (Mixed Sports) ❑ 

Hockey ❑ Martial Arts ❑ 

American Football ❑ Tennis ❑ 

Fencing ❑ Rowing/Kayak ❑ 

Figure Skating ❑ Lacrosse ❑ 

Volleyball ❑ Rugby ❑ 

Cheerleading ❑ Wrestling ❑ 

Baseball/Softball ❑ Curling ❑ 

Basketball ❑ Swimming ❑ 

Track and Field ❑ Indoor Soccer ❑ 

Other (Please specify):  

 

 

❑ 
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Wrestling    

Curling    

Swimming    

Other (Please specify):  

 

 

   

 

b. How many hours per week did you participate in sports in elementary school? 

  

  

  

  

  

  

  

 

c. Out of the sports endorsed above, which ONE did you play the most in elementary 

school? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

64. Do you exercise regularly?  Yes ❑   No ❑  

      

a. If yes, what type of exercise do you engage in (check all that apply)? 

0-1 hour ❑ 

1-2 hours ❑ 

2-5 hours ❑  

5-10 hours ❑ 

10-12 hours ❑  

12+ hours ❑ 

Soccer ❑ Extreme Intramurals (Mixed Sports) ❑ 

Hockey ❑ Martial Arts ❑ 

American Football ❑ Tennis ❑ 

Fencing ❑ Rowing/Kayak ❑ 

Figure Skating ❑ Lacrosse ❑ 

Volleyball ❑ Rugby ❑ 

Cheerleading ❑ Wrestling ❑ 

Baseball/Softball ❑ Curling ❑ 

Basketball ❑ Swimming ❑ 

Track and Field ❑ Indoor Soccer ❑ 

Other (Please specify):  

 

 

❑ 

 

 

Weight training ❑ MMA/Martial Arts ❑ 

Powerlifting  ❑ Circuit Training ❑ 

Jogging/Running ❑ Swimming ❑ 

Zumba ❑ Walking ❑ 
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b. How many hours per week do you exercise?  

 

  

  

  

  

 

  

  

 

65. When you ride a bike/skate/etc. do you wear a helmet?    Yes ❑   No ❑ 

   

66.  Do you regularly engage in relaxation techniques (e.g., deep breathing or yoga)?   Yes ❑   

No ❑ 

 

a. If yes, what relaxation techniques do you use (check all that apply)? 

  

  

  

  

  

  

  

 

 

 

b. How many hours per week do you engage in relaxation methods?  

  

  

  

  

  

  

  

 

67. Was last night’s sleep typical for you?     Yes ❑   No ❑ 

a. If no, what was different?   

  

  

Spin Class ❑ Yoga ❑ 

Pilates 

 

 

❑ Other (Please specify): ❑ 

0-1 hour ❑ 

1-2 hours ❑ 

2-5 hours ❑  

5-10 hours ❑ 

10-12 hours ❑  

12+ hours ❑ 

Deep breathing ❑ 

Guided imagery ❑ 

Progressive muscle relaxation ❑  

Meditation ❑ 

Massage ❑  

Other (Please specify): 

 

 

❑ 

0-1 hour ❑ 

1-2 hours ❑ 

2-5 hours ❑  

5-10 hours ❑ 

10-12 hours ❑  

12+ hours ❑ 

Worse sleep ❑ 

Better sleep ❑ 
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b. Please explain why last night’s sleep was different for you (e.g., stress, temperature, 

noise): 

 

c. Please rate how well you slept last night on a scale from 1 to 7 (circle one number): 

 

 

 

 

68. Please indicate how you feel right now on a scale from 1 to 7 (circle one number): 

 

 

 

 

 

 

69. Are you currently employed?   Yes ❑   No ❑ 

 

a. If yes, how many hours per week do you currently work? 

 

  

  

  

  

  

  

 

70. Are you a shift worker (i.e., you work hours outside of a traditional daily schedule)?     

Yes ❑   No ❑ 

       

71. Have you had anything out of the ordinary occur in the past day or so?   Yes ❑   No ❑  

 

a. If yes, please explain: 

 

 

72. Check any of the following that apply to your experience over the past 6 months: 

 

Moved ❑ Death of a family member ❑ 

 

 

Worst 

Possible 

Sleep 

     Best 

Possible 

Sleep 

1 2 3 4 5 6 7 

Very 

Sleepy 

     Very Alert 

1 2 3 4 5 6 7 

0-1 hour ❑ 

1-2 hours ❑ 

2-5 hours ❑  

5-10 hours ❑ 

10-12 hours ❑  

12+ hours ❑ 
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New Job ❑ Death of a close friend ❑ 

Loss of Job ❑ Financial difficulties ❑ 

Loss of Relationship ❑ Illness of someone close to you ❑ 

New Relationship ❑ Personal illness/injury ❑ 

Reconciliation with partner ❑ New Baby ❑ 

Reconciliation with family ❑ Wedding/Engagement (self) ❑ 

Divorce (of self or parents) ❑ Vacation ❑ 

Entered 1st year at University ❑ Disrupted Sleep ❑ 

 

Question 72 format adapted from Holmes, T. & Rahe, R (1967). “Holmes-Rahe life changes 

scale”.  

Journal of Psychosomatic Research, Vol. 11, 213-218. 

 

73. Please indicate how your day has been so far by circling one number on each of the 

following three scales: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calm         Busy 

1 2 3 4 5 6 7 8 9 10 

Pleasant         Unpleasant 

1 2 3 4 5 6 7 8 9 10 

Not 

Stressful 

        Very 

Stressful 

1 2 3 4 5 6 7 8 9 10 
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74. Please rate each of the following symptoms based on how you may have been affected during 

the past 2 months according to the following scale.  

 

Frequency 

1 = Not at all 

2 = Seldom 

3 = Often 

4 = Very Often 

5 = All of the time 

Intensity 

1 = None 

2 = Uncomfortable 

3 = Irritating 

4 = Interfering 

5 = Crippling 

Duration 

1 = Not at all 

2 = A Few Seconds 

3 = A Few Minutes 

4 = A Few Hours 

5 = Constant 

 

 Frequency Intensity Duration 

Headache    

Dizziness    

Irritability    

Memory Problems    

Difficulty Concentrating    

Fatigue    

Visual Disturbance     

Aggravated by Noise     

Judgment Problems    

Anxiety    

Question 66 from Gouvier et al. (1992) 

  

Thank you for your time and consideration in completing this questionnaire! 
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Appendix B: Data Analyses 
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Table 7: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 3 

(Timepoints [SRA 1, SRA 2, SRA 3]) ANOVA for Self-report Arousal Ratings 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   5.238   .007  .117 

Error    79 

    Within Subjects Effects 

Timepoints   1.665   4.757   .015  .057 

 

Group Status x 

Timepoints   3.329   .839   .485  .021 

 

______________________________________________________________________________ 

Note: Greenhouse-Geisser correction used 
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Table 8: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 4 

(Phases [Baseline 1, Anticipatory, Scare, Baseline 3]) ANOVA for EDA Amplitude 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   .698   .501  .019 

Error    79 

    Within Subjects Effects 

Phases    1.415   16.549   .000  .187 

 

Group Status x 

Phases    2.829   1.499   .221  .040 

 

______________________________________________________________________________ 

Note: Greenhouse-Geisser correction used 
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Table 9: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 3 

(Phase Differences [BL2-Ant, BL2-Scare, BL2-B3]) ANOVA for EDA Amplitude Difference 

Values 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   .392   .677  .019 

Error    79 

    Within Subjects Effects 

Phase Differences  1.203   19.860   .000  .212 

 

Group Status x 

Phase Differences  2.405   .588   .588  .016 

 

______________________________________________________________________________ 

Note: Greenhouse-Geisser correction used 
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Table 10: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 3 

(STAXI State Aggression Subscales [Angry Feelings, Verbal Anger, Physical Anger]) ANOVA for 

Aggression Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   1.58   .212  .038 

Error    79 

    Within Subjects Effects 

State Aggression  1.818   31.813   .000  .287 

 

Group Status x 

State Aggression  3.637   .603   .645  .015 

 

______________________________________________________________________________ 

Note: Greenhouse-Geisser correction used 
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Table 11: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 2 

(STAXI Trait Subscales [Anger Temperament, Anger Reaction]) ANOVA for Aggression Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   .362   .698  .009 

Error    80 

    Within Subjects Effects 

Trait Aggression  1   70.385   .000  .468 

 

Group Status x 

Trait Aggression  2   .338   .714  .008 

 

______________________________________________________________________________ 
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Table 12: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 2 

(STAXI Anger Control Subscales [Anger Control In, Anger Control Out]) ANOVA for 

Aggression Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   .850   .431  .021 

Error    78 

    Within Subjects Effects 

Anger Control   1   7.092   .009  .083 

 

Group Status x 

Anger Control   2   1.685   .192  .041 

 

______________________________________________________________________________ 
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Table 13: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 4 

(Buss and Perry Aggression [BPAQ] Subscales [Physical, Anger, Hostility, Verbal]) ANOVA for 

Aggression Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   1.987   .144  .048 

Error    79 

    Within Subjects Effects 

BPAQ Aggression  3   149.918  .000  .655 

 

Group Status x 

BPAQ Aggression  6   1.610   .145  .039 

 

______________________________________________________________________________ 
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Table 14: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 3 

(Post Concussive Symptoms [PCS] Anxiety Subscales [Frequency, Intensity, Duration]) ANOVA 

for Anxiety Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   13.308   .000  .247 

Error    81 

    Within Subjects Effects 

PCS Anxiety   2   11.218   .000  .122 

 

Group Status x 

PCS Anxiety   4   .442   .778  .011 

 

______________________________________________________________________________ 
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Table 15: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 3 

(Post Concussive Symptoms [PCS] Irritability [Frequency, Intensity, Duration]) ANOVA for 

Irritability Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   4.956   .009  .110 

Error    80 

    Within Subjects Effects 

 

PCS Irritability  2   16.393   .000  .170 

 

Group Status x 

PCS Irritability  4   1.204   .311  .029 

 

______________________________________________________________________________ 
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Table 16: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 3 

(Personality Assessment Inventory [PAI] Subscales [Cognitive, Affective, Physiological]) 

ANOVA for Anxiety Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   11.012   .000  .216 

Error    80 

    Within Subjects Effects 

PAI Anxiety   1.860   .520   .582  .006 

 

Group Status x 

PAI Anxiety   3.720   2.269   .069  .054 

 

______________________________________________________________________________ 

Note: Greenhouse-Geisser correction used 
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Table 17: 

Summary of Results for a Mixed Model 3 (Overall Group Status [GAD, MHI, Controls]) x 2 

(Beck Anxiety Inventory [BAI] Subscales [Somatic, Affective]) ANOVA for Anxiety Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

Group Status   2   8.253   .001  .175 

Error    78 

    Within Subjects Effects 

BAI Anxiety   1   82.653   .000  .514 

 

Group Status x 

BAI Anxiety   2   3.320   .041  .078 

______________________________________________________________________________ 
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Table 18: 

Summary of Results for a Mixed Model 2 (MHI Status) x 2 (GAD Status) x 4 (Timepoints 

[Baseline 1, Anticipatory, Scare, Baseline 3]) ANOVA for EDA Amplitude 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

MHI Status   1   .491   .486  .007 

GAD Status   1   .813   .370  .011 

MHI x GAD   1   1.470   .229  .020 

Error    73 

    Within Subjects Effects 

Timepoints   1.304   16.370   .000  .187 

 

MHI Status x 

Timepoints   1.304   .609   .478  .008 

 

GAD Status x   1.304   .144   .772  .002 

Timepoints 

 

MHI x GAD x   1.304   .068   .857  .001 

Timepoints 

______________________________________________________________________________ 

Note: Greenhouse-Geisser correction used 
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Table 19: 

Summary of Results for a Mixed Model 2 (MHI Status) x 2 (GAD Status) x 4 (Buss and Perry 

Aggression [BPAQ] Subscales [Physical, Anger, Hostility, Verbal]) ANOVA for Aggression 

Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

MHI Status   1   .767   .384  .010 

GAD Status   1   9.755   .003  .111 

MHI x GAD   1   2.059   .155  .026 

Error    78 

    Within Subjects Effects 

 

BPAQ Aggression  3   147.415  .000  .654 

 

MHI Status x 

BPAQ Aggression  3   .503   .680  .006 

 

GAD Status x   3   3.725   .012  .046 

BPAQ Aggression 

 

MHI x GAD x   3   .156   .926  .002 

BPAQ Aggression 
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Table 20: 

Summary of Results for a Mixed Model 2 (MHI Status) x 2 (GAD Status) x 3 (Personality 

Assessment Inventory [PAI] Subscales [Cognitive, Affective, Physiological]) ANOVA for Anxiety 

Scores 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

MHI Status   1   .446   .506  .006 

GAD Status   1   53.586   .000  .404 

MHI x GAD   1   .996   .321  .012 

Error    80 

    Within Subjects Effects 

PAI Anxiety   2   1.162   .316  .014 

 

MHI Status x   2   3.512   .032  .043 

PAI Anxiety    

 

GAD Status x   2   .368   .693  .005 

PAI Anxiety    

 

MHI x GAD x   2   1.687   .188  .021 

PAI Anxiety 
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Table 21: 

Summary of Results for a Univariate 2 (MHI Status) x 2 (GAD Status) ANOVA for Worry Scores 

(PSWQ) 

______________________________________________________________________________ 

Source    df   F   p  ƞ² 

______________________________________________________________________________ 

    Between Subjects Effects 

MHI Status   1   .245   .622  .003 

GAD Status   1   33.875   .000  .297 

MHI x GAD   1   .002   .961  .000 

Error    80 

______________________________________________________________________________ 

 


