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ABSTRACTAnthony Fabio, PhD

A SYSTEMATIC REVIEW ON TRAUMATIC BRAIN INJURY AND AGGRESSION IN COMMUNITY SAMPLES

[bookmark: _GoBack]Amin Sanei Moghaddam, MPH
University of Pittsburgh, 2015


Background: Traumatic brain injury (TBI) has become an important public health problem worldwide, owing to rising number of motor vehicle accidents in middle and lower-income countries. One of the major consequences of TBI is aggressive behavior. The objective of this study was to examine the strength of evidence suggesting a relationship between TBI and aggression.
Method: Ovid MEDLINE was searched from 1946 to the 3rd week of November 2015. 
Results: Only 11 out of 246 identified papers met inclusion criteria. Eight studies provided some evidence of association between TBI and aggression in community samples. Two studies showed some association in secondary analysis of the results and one failed to detect any association between TBI and aggression. 
Conclusion: It was shown that there is some association between TBI and aggression in community samples. Other factors that might influence post-TBI aggression have been identified, such as alcohol use, verbal intelligence, and status incompatibility. It was concluded that the evidence is not strong enough due to the methodological limitations of the studies. Determining causal association was not possible due to lack of information on the temporality of events. This review highlights the need for a multidisciplinary approach in studying TBI and aggression, and using standardized measurements and definitions.
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[bookmark: _Toc106513527][bookmark: _Toc106717785][bookmark: _Toc438402718][bookmark: _Toc439667521]Introduction
Traumatic brain injury (TBI) has become an important public health problem worldwide owing to rising number of motor vehicle accidents in middle and lower-income countries.1 It has been referred to as the “silent epidemic”, reflecting the fact that many TBI cases are left undiagnosed and unrecognized,2 that the public is unaware of the magnitude and impact of TBI1,3, or that some of TBI consequences such as impaired cognition, sensation, language, or emotions, may not be readily appreciated.4,5 In military settings, blast-related mild TBI has become the “signature injury” of the Afghanistan and Iraq wars.6  One of the major consequences of TBI is aggressive behavior.5,7 Higher risk of aggression poses a threat to the individual, other patients, and caregivers’ physical safety. It can adversely affect the recovery process by interfering with necessary activities that are required for efficient rehabilitation.8,9 Also, aggression is a significant challenge for family members (parents, spouses) who happen to be the primary and life-long caregivers in most cases. It will affect the intra-family relation dynamics, family functioning, and family financials.9,10 This review aims to answer the question: what is the strength of evidence suggesting a relationship between TBI and aggression?
[bookmark: _Toc439667522]Public health burden 
[bookmark: _Toc438402719][bookmark: _Toc439667523]TrAumatic brain injury
Based on CDC records, TBI, either as an isolated head injury or as a component of multiple trauma, was responsible for approximately 2.5 million emergency department visits, hospitalizations and deaths in the United Sates in 2010.11 Eighty-seven percent of these patients were treated in and discharged from emergency departments, while 11% of them needed to be further hospitalized and approximately 2% died from their injuries.11 
However, these numbers likely understate the true burden of TBI, because they do not account for individuals who did not seek medical care, or visited private offices, or U.S military personnel who received health care in the field, outside the US or in Veterans hospitals.12 From 2000 through 2011 a total number of 235,046 service members, which constitutes 4.2% of those who served in the Army, Air Force, Navy, and Marine Corps were diagnosed with TBI.13
TBI exposure can impact the injured individual’s physical, intellectual and cognitive abilities, as well as emotional and behavioral health. TBI also affects families, usage of the medical system, and the community as a whole. Extrapolating from data collected in two states, it is estimated that 3.2 million to 5.3 million individuals are living with TBI-related disability in the United States.11
Falls (35%), road traffic accidents (17%), and strikes or blows to the head from or against an object (17%) are the leading causes of non-fatal TBIs.12
According to the World Health Organization (WHO), TBI is the leading cause of death and disability in children and young adults worldwide and is involved in nearly half of all trauma deaths.14 Worldwide, the incidence of TBI is rising mainly due to road traffic accidents, particularly in low and middle-income countries1. This finding aligns closely with the WHO estimate that in 2020, road traffic accidents will stand in the third place among the highest global burden conditions (as measured by DALYS).15 Having said that, the true magnitude of TBI in unknown16, because of scarcity of data in some parts of the world17 and the presence of significant heterogeneity in case definition and surveillance systems in different countries.18
TBI imposes significant direct and indirect costs on the community. In the year 2000, the total lifetime costs of fatal, hospitalized, and non-hospitalized TBI cases who sought medical treatment were estimated to be $60.4 billion, including productivity losses of $51.2 billion.16 Estimated lifetime cost per individual was $44992. It is important to note that these estimates did not include parents or other caregivers’ loss of productivity, making these figures a conservative estimate of the true burden of TBI.16 
[bookmark: _Toc438402723][bookmark: _Toc439667524]Aggression
Aggression and violence have been seen as inseparable elements of human nature which we could only respond to, rather than to prevent.19 They were often considered as law and order issues with limited room for health care professionals to intervene. However, this attitude is changing mainly because the impact of violence on victims’ wellbeing and consequently on the health system, forms a significant proportion of costs of violence.19 Therefore, the health system becomes a key player who is very interested in prevention.  Worldwide, the death toll of violence is estimated to be more than 1.6 million per year, and many more suffer from physical, sexual and mental health issues caused by aggression and violence.19 Aggression puts more pressure (even higher than cognitive disability) on caregivers than physical disability and injury severity.20-22 Moreover, aggressive patients can also hurt the medical staff emotionally, manifesting as lower morale, increased sickness absence, and overuse of containment measures at the time of an aggressive event, which in turn will affect the quality of care provided to the patient.23 Finally, aggression increases the cost of care, because taking care of aggressive patients requires a higher number of nurses (sometimes one nurse per patient around the clock), special training for the nurses to know how to handle the event, and special care unit with special equipment. The cost of injuries (self-directed or toward other patients and medical staff) will affect estimates of the cost of care for aggressive patients.9,24 
This review aims to determine whether there is any association between TBI and aggressive behaviors among civilian, non-imprisoned adults who are well enough to get discharged from health care center. This will help health providers and patients to appreciate the importance of behavioral therapies and skill-building programs to prevent, minimize or abort TBI-induced aggressive behaviors. Anticipating a particular consequence will certainly make everyone more vigilant and enables them to take action in early stages before it is too late. 


 

[bookmark: _Toc438402727][bookmark: _Toc439667525]MATERIALS AND METHODS
[bookmark: _Toc439667526]Definitions 
[bookmark: _Toc439667527]TBI
The CDC defines traumatic brain injury (TBI) as an injury to the head that is documented in a medical record, with one or more of the following conditions attributed to that injury: observed or self-reported decreased level of consciousness, amnesia, skull fracture, and objective neurological or neuropsychological abnormality or diagnosed intracranial lesion.25 Neuropsychological abnormalities are defined as any alteration in the mental status at the time of injury including but not limited to confusion, slow talking, and disorientation, permanent or transient neurological deficits including but not limited to weakness, loss of balance, vision problems, balance problems, and sensory loss.26 Not everyone who has been exposed to an external force will necessarily sustain a TBI; rather, a TBI diagnosis is given to those who show one of the above signs/symptoms immediately after such an accident.26 
[bookmark: _Toc439667528]AGGRESSION
In lay English usage, aggression, violence, anger, hostility and impulsivity are often used interchangeably. The term “aggressive” may imply different meanings such as “confident,” "assertive," "enthusiastic,” or “unfriendly” in different contexts.27,28 
	Aggression is a behavior, not an emotion (like anger) or an attitude (like racial or ethnical prejudice).28 In 2001, Geen attributed four basic components to an aggressive behavior: 1) the behavior is harmful to another individual in nature, 2) it is intentional, 3) it is believed that the behavior will be effective, and 4) the victim is motivated to avoid being harmed.29 










[bookmark: _Toc439667529]Selection of studies
A literature search was undertaken using Ovid MEDLINE covering the period from 1946 to the 3rd week of November 2015. To identify the relevant articles, three sets of search keywords and “advanced search techniques[footnoteRef:1]” were used (Figure 1). TBI keywords included the following: “traumatic brain injury” or “brain injury” or “head injury” or “head trauma” or “head concussion” or “concussion” or “brain contusion” or “craniocerebral trauma.” Aggression keywords included the following: “aggressi*” or “violen*” or “episodic dyscontrol syndrome” or “hostility” or “intermittent explosive disorder” or “agitation.” Appropriate exclusion keywords were used to limit the results based on the purpose of this review.[footnoteRef:2] Using multi-purpose mode (.mp. function), Ovid searched the keywords in the title, abstract, or MeSH headings. Search results were restricted to English language papers in which abstracts were available and were not any of the following types of literature: clinical trials, editorials, historical articles, in vitro studies, meta-analyses, reviews, systematic reviews, validation studies, animal studies and pharmacologic actions. [1:  * sign: Unlimited right-hand truncation.
$1 sign: Limited right-hand truncation restricts the number of characters following the word to 1 
/su: Limits the keyword to surgical cases
/mo: Limits the keyword to mortality cases
]  [2:  “prison*” or “inmate$1” or “incarcerat*” or “jail” or “soldier$1” or “military” or “war” or “veteran$1” or “army” or "aggressive management" or "aggressive treatment" or "aggressive care" or "aggressive therapy" or "aggressive screening" or "aggressive measures" or "PTSD" or "post traumatic stress disorder"  or "abusive head trauma" or "shaken baby" or "child abuse" or “penetrating” or “gunshot” or “fracture$1” or “maxillofacial” or “dental” or “craniotomy” or “Brain Injuries/su” or "hemorrhage" or "spinal cord injury" or "cervical spinal injury" or "neck" or "lobectomy" or "hematoma" or "intubation" or "aneurysm" or “shock” or "transfusion" or "oxygen" or "organ donation" or "abdominal injuries" or “Brain Injuries/mo” or “death” or “fatal” or “autopsy”.] 

TBI keywords yielded 19546 articles, aggression, and exclusion groups yielded 71733 and 626917 articles respectively (Figure 1). Using the “And” function, articles that had both TBI and aggression keywords were selected. Out of the articles that fit this criterion (538), those that had any of exclusion keywords were excluded. The remaining (252) were checked for duplication. As Figure 1 shows, at this point 246 records were screened for eligibility and 215 of them were excluded for different reasons. The full text of all the remaining 31 studies were reviewed, and 11 studies were selected for the purpose of this paper.
The present review excludes aggression in the prison population because the high frequency of psychotic disorders and drug abuse among prisoners might confound the association of TBI and aggression. In 2006, 56% of State prisoners, 45% of Federal prisoners, and 64% of jail inmates suffered from mental health problems.30 In 2010, 1.5 million (65%) out of 2.3 million inmates in U.S. prisons met DSM-IV criteria for alcohol or other drug abuse.31 Articles that studied TBI and PTSD concurrently, either in military setting or non-military setting, were excluded because one of the diagnostic criteria for PTSD is irritability or outbursts of anger.32 Including those who were diagnosed with PTSD may confound the results. We also excluded military-related studies because the cause of head traumas among military personnel, is entirely different from civilians. A study by Mendez et al. showed that US veterans who sustained pure blast-force mild TBI were more irritable, neurotic, angry and aggressive (threatening the interviewer) compared to those who sustained pure blunt-force mild TBI.33 Moreover, soldiers are more likely to have PTSD34 and as mentioned earlier this makes it harder to evaluate the association of TBI and aggression accurately. In this paper, we focused on a community sample, meaning that we excluded inpatients and those who were hospitalized in residential health care facilities (i.e. mental health facilities, rehabilitation center) for two reasons: 1) post-TBI amnesia, post-TBI confusion, disorientation, constant stimulation by health care personnel, and inability to communicate effectively with others in early hours and days after TBI (acute phase of TBI) is very common and are known to be reasons of agitation but they tend to resolve in a few days,35,36 2) rehabilitation center residents are usually medicated and sedated which negatively impacts aggression evaluation.





















Records Identified through Ovid MEDLINE searching for prison* or inmate$1 or “incarcerat*” or “jail” or “soldier$1” or “military” or “war” or “veteran$1” or “army” or "aggressive management" or "aggressive treatment" or "aggressive care" or "aggressive therapy" or "aggressive screening" or "aggressive measures" or "PTSD" or "post traumatic stress disorder"  or "abusive head trauma" or "shaken baby" or "child abuse" or “penetrating” or “gunshot” or “fracture$1” or “maxillofacial” or “dental” or “craniotomy” or “Brain Injuries/su” or "hemorrhage" or "spinal cord injury" or "cervical spinal injury" or "neck" or "lobectomy" or "hematoma" or "intubation" or "aneurysm" or “shock” or "transfusion" or "oxygen" or "organ donation" or "abdominal injuries" or “Brain Injuries/mo” or “death” or “fatal” or “autopsy”
(n =626917)
Records Identified through Ovid MEDLINE searching for “aggressi*” or “violen*” or “episodic dyscontrol syndrome” or “hostility” or “intermittent explosive disorder” or “agitation” 
(n =71733)
Records Identified through Ovid MEDLINE searching for “traumatic brain injury” or “brain injury” or “head injury” or “head trauma” or “head concussion” or “concussion” or “brain contusion” or “craniocerebral trauma”
(n =19546)
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[bookmark: _Toc438402728][bookmark: _Toc439667530]RESULTS
The search strategy in this review yielded eleven papers which are summarized in Table 1. There were five retrospective studies,37-41 two cross-sectional studies,42,43 two historical prospective studies,44,45 one prospective study46 and one longitudinal study.47 Six studies provided evidence of TBI and aggression association,37,39,41-43,47 three studies provided partial evidence,38,40,44 one study45 did a descriptive analysis without reporting any p-values and lastly, one study found no significant association between TBI and aggression.46 Eight studies were conducted in the US.37,39-42,44,46,47 The remaining three studies were conducted in Australia,38 Germany45 and Canada.43 Five papers studied the association of TBI and aggression in the context of partner abuse.37,39-41 Four studies particularly focused on pediatric/adolescent population.38,43,45,47 
[bookmark: _Toc439667531][bookmark: _Toc438402730]studies on domestic violence 
Five studies measured aggression in the form of domestic violence. Walling et al.41 showed that in a bivariate correlation analysis, head injury was significantly associated (p < .05) with physical intimate partner (IPA), but not with psychological IPA. After controlling for years of education and income, TBI was a significant predictor (β = 0.22, p < .01) of IPA. Cohen et al.37 found that a batterer group had been previously exposed to TBI twice as frequently as the non-batterer group (46.2 vs. 20.6, p = .01). In another study, Rosenbaum et al.39 showed that batterers have more than five times higher odds of having a positive history of TBI compared to either non-batterers (OR = 5.82, p <0.01) or discord group (OR = 5.58, p < .05).39 Two studies, one by Turkstra et al.40 and one by Warnken et al.,44 failed to detect significant association between TBI and acts of aggression or, in the case of latter, aggression score. However, Turkstra et al.40 were able to show that the aggressive group sustained more severe TBI compared to non-aggressive group (p < .05). In the study by Warnken et al.,44 when the questions were analyzed separately, for some of them there was a significant difference between the two groups. Participants in TBI were more verbally abusive (p < .001), had more fights (p < .01), and tended to smash things more (p < .05) than before TBI exposure (based on questionnaire answers at intake), but as it mentioned earlier the study did not provide evidence that TBI-exposed men were more physically abusive toward their female partners.44 
Defining aggression and recruiting aggressive participants varied between these studies. Warnken et al.44 used the Conflict Tactics Scale (CTS; Straus, 1979) while Walling et al.41 used Revised Conflict Tactics Scale (CTS2; Straus, Hamby, Boney-McCoy, & Sugarman, 1996). Turkstra et al.40 recruited their aggressive group participants from individuals who were convicted of a violent crime (domestic violence) and came to an inner city support group for domestic violence offenders. They did not use any measurement tool. Rosenbaum et al.39 and Cohen et al.37 recruited their aggressive participants from a treatment program for wife batterers and through newspaper advertisement. The latter group was divided to batterer and non-batterer based on their CTS score. All the studies used the cut-off score of 11 to differentiate batterers (≥ 11) and non-batterers (< 11). To establish the history of TBI, Walling et al.,41 and Turkstra et al.40 used questionnaires, the Head Injury Questionnaire by Rosenbaum and Hoge,48 and the questionnaire developed by Sarapata et al.,49 respectively. Cohen et al.37 and Rosenbaum et al.39 did a medical interview by a physician who was blinded as to whether the participant was a batterer or not. Warnken et al.44 used the medical records to establish the history of TBI.
Although one expects that lack of verbal intelligence and inability to communicate effectively with others can lead to both physical and psychological IPA, it is surprising why the study by Walling et al.41 could not find an association between TBI and psychological IPA. The authors suggested that maybe the TBI measurement tool (questionnaire) was not sensitive enough. They also suggested that aside from the inherent self-report bias of any retrospective study, participants with a history of TBI may not be reliable reporters. One of the limitations of this study was the fact that they did not include substance abuse, partners’ education level, and employment status. The study by Cohen et al.37 showed that batterer group reported more aggression while under influence of alcohol (69.2 vs. 19.0, p = 0.1) but not when under influence of illicit drugs (21.8 vs. 6.5, p = ns).37 Alcohol use (drinks/week) was not different between the batterer group and nonbatterer group. The study by Rosenbaum et al.39 did not support any association between aggression and alcohol use. The authors suggested that this might be because the cut-off point to dichotomized alcohol drinking habit was too low (< 5 drinks per week vs. ≥ 5 drinks per week). They also argued that since males in discordant relationships tend to drink alcohol frequently, it is not surprising to see no significant association between batterers and non-batterers which had a composition of 32 discord couples and 45 discordant couples. In the study by Warnken et al.44, the TBI group did not report a higher amount of current or past alcohol use or higher frequency of intoxication compared to the orthopedic injury (OI) group. However, the TBI group did report that their drinking had increased after the injury (p < .05) and that they had become more sensitive (got drunk on less) to the effect of alcohol (p < .018) compared to OI group. Their partners only confirmed the latter (p =.001).  Particpants in the TBI group had significantly lower education (p < .05) and occupation (p < .01) level compared to (OI) group, but partners’ education and job level were not significantly different between the two groups.44 This is consistent with the concept of status incompatibility (lower job status in males compared to their female partners), which has been shown to be a factor in partner aggression.50 In the study by Turkstra et al.40 there was no significant difference between the two groups regrading age, education and employment but there was a significant difference with regards to cognitive and emotional dysfunction (p < .05).  This study could report a significant difference between aggressive and non-aggressive group only after factoring in the severity of trauma.40 One of the reasons that this study failed to show a significant difference might be the small sample size (20 in each group). The authors estimated that TBI had a prevalence of 15% (based on trauma registry data) among African-American males in the population from which the study sample was derived. However, the study showed that 60% of the control group had a previous TBI. This 4-fold difference might be indicative of under-reporting of TBI in trauma registries (especially among minorities) or low validity of the questionnaire in the population of this study.40
[bookmark: _Toc438402731][bookmark: _Toc439667532]studies on aggression among adults
Two studies measured aggression among adults. Ferguson and colleagues42 studied the effect of mild/moderate TBI on aggression in healthy participants and those with personality disorders and found that aggression score was significantly affected by TBI history (p = 0.32), and personality disorder (p < 0.001). However, they failed to find evidence of an interaction between personality disorder and TBI on aggression. Testa et al.46 studied predicting factors of family functioning after TBI and showed that TBI is not associated with aggression either at the time of discharge (p = 0.43) or one-year post-injury (p = 0.11). 
Ferguson et al.42 conducted a cross-sectional study using 458 community-derived participants who were classified to TBI (only mild to moderate) and non-TBI groups, and also to healthy controls and personality disordered groups. Although they did not report the age at which the head trauma happened, they showed a significant between-subject effects, with regards to TBI history and LHA aggression score (p = 0.014).42 Testa et al.46 did a one-year prospective study using trauma center participants. Seventy-five moderate-severe TBI, 47 moderate TBI, and 44 OI patients were compared at the time of discharge and one-year post-injury. Moderate-severe TBI groups had more problems with depression (p < 0.05), memory and attention (p < 0.001), and communication (p < 0.001) than mild TBI and OI groups.46
One of the reasons that these two studies did not come to the same conclusion is their difference in aggression measurement tools. Ferguson et al.42 used Life History Aggression (LHA) instrument while Telsta et al.46 used the aggression component of the Neurobehavioral Functioning Index (NFI). The other reason could be the way they collected information on TBI and categorized the patients into different groups. While Ferguson et al. relied on self-reports, the other study used medical records. The former recruited mild-to-moderate participants, defined as LOC from a few minutes up to one hour and the latter defined moderate/severe TBI as: worst GCS < 13, or GCS > 13 in the presence of trauma-related intracranial neuroimaging abnormalities, and mild TBI as: worst GCS > 12 with no findings in neuroimaging studies. 
Both studies had limitations. In the study by Ferguson et al.,42 they used a single rater to determine TBI severity. There were also self-selection bias and self-report bias both on TBI history and aggressive behavior questionnaire. The limitation of Testa et al.46 study was differential attrition rates (48%, 34% and 25% for mild TBI, moderate/severe TBI and OI groups, respectively). This is problematic for outcome studies since it has been shown that in TBI follow-up studies, participants who are socioeconomically disadvantaged or have a previous history of drug abuse and those who have received a violent TBI tend to drop out more.51 
[bookmark: _Toc439667533]studies on aggression among teenagers and adolescents 
Four studies out of even measured aggression in teenagers and adolescents. Dooley et al.38 showed that the TBI group had more reactive (p = 0.01), proactive (p = 0.003) and total aggression (p = 0.006), compared to non-TBI group.38 When the study group controlled for the types of the behaviors, the difference between the groups disappeared, suggesting no clear relationship between TBI and aggressive behavior with the intention of dominating or coercing others. Therefore, it seems that the driving power for aggressive behavior was frustration.38 In a cross-sectional study by Ilie et al.,43 4685 adolescents in grades 7 through 12 were surveyed. Results showed that those who had a previous TBI had higher odds of “damaging something on purpose” (AOR =2.88, P<0.001), “beating up or hurting someone on purpose” (AOR =2.21, p < .001), and “getting into a fight at school at least once” (AOR = 2.55, p < .001) in the previous 12 months. They also had greater odds of attempting suicide (AOR = 3.05, p < 0.001), having elevated physiological distress (AOR = 1.35, p < .01) and carrying a weapon (AOR = 2.55, p < .001).43 A study in Germany by Kappa and colleagues45 found that 11 out of 17 (64.7%) children with severe TBI and 2 out of 6 (28.6) children with moderate TBI, were more mentally exhausted after the head trauma. Impairment of social contacts was reported in 58.8% and 14.3 % of children in severe and moderate TBI groups, respectively. Six out of 17 (35.3%) in severe TBI group and 1out of 7 (14.3%) in moderate TBI group were reported to be more aggressive after head trauma. This study did not analyze these results using inferential statistics.45 Stoddard et al.47 followed a cohort of high school students for 8 years and showed that after controlling for gender, race, alcohol use, marijuana use, delinquency and violence observation, adulthood TBI (referring to head traumas after high school years and early adulthood) predicted violent behavior (β = 1.07, p < .001) in contrast to previous TBI (β = 0.05, p > .05). 
Dooley et al.38 used two classes of aggression measurement: 1) Global psychology measures, including Child Behavior Checklist (CBCL) and Youth Self-Report (YSR), and 2) Theoretically-driven aggression measures, including Reactive-Proactive Questionnaire-Youth Report (RPQ-YR), Reactive-Proactive Questionnaire-Informant Report (RPQ-IR) and Form of Aggression Scale (FAS). All of them except for the self-report RPQ-YR test failed to show a significant difference between TBI and non-TBI groups on the degree of aggression. The authors argued that this is because global tools are inappropriate and insensitive when it comes to measuring aggression, and do not permit detailed examination of aggression. However, another possibility that global tools failed to detect any difference is the small sample size of the study (11 TBI participants vs. 28 control group). They also believed that aggressive behaviors arose from feelings of anger and distress, rather than bullying and intimation. This is in contrast to Ilie et al.43 finding that TBI group has higher odds of bullying others (AOR = 2.5, p < .001). Again, the small sample size could be the reason of this discrepancy as the study by Ilie et al.43 benefited from a large sample size of 4,685 participants. 
Kappa et al.45 did not use a standard aggression measurement tool. They simply asked the parents whether they thought that their children have become more aggressive after the head injury. This question has a broad meaning and can be interpreted in different ways based on the parents’ understanding. Therefore, the answer to this question may refer to various aspects of the child’s behavior that are not necessarily suggestive of aggression.  They also asked the same question from the children themselves. It is difficult to interpret the results of this study because they did not use inferential statistics and there was no non-TBI control group. A non-TBI control group would be helpful because it is common for teenagers and adolescents to go through phases in which they become “quieter than before” or “become more inpatient” or “become more withdrawn”. 
In their study, Stoddard et al.47 mentioned that waves 1 to 4 corresponded to high school years and waves 5 to 8 corresponded to the 2nd year through 5th year after high school. This means there is a two-year gap between wave 4 and 5 and the study lasted for 9 years and not 8 years. They also mentioned that they had 68% response rate from wave 5 to 8. Considering the fact that the initial sample was 850, one expects to see 578 participants in the final analysis, but they did their final analysis on 480 participants. They also excluded the accomplished students with GPA>3 (without providing any scientific reasons), which limits the generalizability of the results. Moreover, they did not provide any data regarding the drop-out group. Also, it is not clear why they started asking about head injury from wave 5 onwards.
Beside the small sample size, the study by Dooley et al.38 had other limitations. They also did not include girls in their study, which limits the generalizability of the results. Other important factors in developing aggressive behavior, such as being abused, observing acts of violence and substance abuse were not included. However, self-report bias was not an issue because the head injuries were documented on medical records and both parents and children completed the questionnaires. On the other hand, the main limitations of the study by Ilie et al.43 were self-report bias (TBI history and aggression history), inability to establish temporality, lack of adjusting for substance abuse, history of childhood abuse and SES. It seems quite understandable that usually teenagers are not a reliable source to comment on their household income level, but they could have been asked about substance abuse or childhood abuse particularly when they were asked about other sensitive issues like carrying a weapon or selling marijuana or theft. 
The study by Kappa et al.45 had participation rate of 50% (24 out of 48). This might be a potential source of selection bias if those who participated were different regarding the outcome. The results of this study should be interpreted with caution because they defined mild TBI as GSC > 8 (there was no moderate TBI group) and also, many of severe cases had sustaining neurological deficits such as paresis/plegia, cranial nerve damage, incontinence and sensory damage which can certainly affect psychosocial assessment.
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	Authors; Year of publication; County
	Title
	Design
	Sample
	Age
	TBI definition 
	Aggression definition/ Measurement tool
	Type of Head injury 
	Time elapsed after injury
	Result

	Walling et al.; 2012; USA
	The relationship of intimate partner aggression to head injury, executive functioning, and intelligence
	Retrospective
	102 perpetrator vs. 62 nonaggressive (23 distressed relationship +39 non-distressed relationship); 75% Caucasian, 21% African-American; All male
	Mean =35.6 years
	Head Injury Questionnaire
(Rosenbaum & Hoge, 1989)
	Revised Conflict Tactics Scale,
Generality of Violence Questionnaire 

	N/A
	N/A
	TBI was a significant predictor of physical IPV (β =  .22, p < .01) but not psychological IPV

	Cohen et al; 1999; USA
	Neuropsychological Correlates pf Domestic Violence
	Retrospective
	39 Batterer group,
63 Non-batterer: (26 discord + 37 satisfied); All male
	Mean age= 33.0, 37.5, 33.0
P=NS
	Medical interview, 
mTBI: 1 min <LOC< 1hr, or No LOC + at least 2 subsequent findings or symptoms of PTA for periods up to 1 day before or after injury.
Moderate TBI: 1 hr <LOC< 24 hrs.
Severe TBI: LOC > 24 hrs
	Conflict Tactics Scale< 11 is categorized as nonviolent.
Positive history of attacking
	N/A
	N/A
	46% of batterers reported some form of TBI compared to 20.6% of non-batterers
(p = .01) 

	Rosenbaum et al; 1994; USA
	Head Injury in Partner-Abusive Men
	Retrospective
	53 Batterers vs 77 non-batterers (45 martially satisfied + 32 martially discordant); 75% to 98% of each group were White; All male
	Mean age: 31.7 to 39.6; the discord group was significantly older P<0.01
	Mild TBI: LOC<1 hr or no LOC + subsequence sequel; Moderate TBI: 1hr < LOC <24 hrs; Severe TBI: LOC> 24 hrs 
	CTS < 11 is categorized as nonviolent.
Locke-Wallace SMAT to distinguish satisfied and discord couples
	MVA 34%, Falls 25%, sports 17%, fighting 13%
	51.2% received the injury prior to age 11 and 74.4% prior to age 16
	Batterers had higher odds of having a history of TBI compare to non-batterers (OR =5.82, p < .01) and discord group (OR=5.58, p < .05)

	Dooley et al.; 2008; Australia 
	Aggression after pediatric traumatic brain injury: A theoretical
approach
	Retrospective
	11 TBI, 28 control group; TBI 90% Caucasian, Control 70% Caucasian; All male 
	13-18 years old
	1) Documented evidence of closed head injury, 2) moderate or severe TBI, 3) medical records sufficiently detailed to determine injury severity
	CBCL, 
Reactive–Proactive Questionnaire–Youth Report
(RPQ-YR).
Reactive–Proactive Questionnaire–Informant Report
(RPQ-IR).
Form of Aggression Scale (FAS)

	6 Falls, 3 MVA, 2 Sports
	Mean= 8.3 years, SD =4.2 years
	No significant difference between the two groups based on CBCL (p = .91), YSR (p = .12), PRQ-IR by parents (p = .62) and FAS (p = .67) tests. However self-report RPQ-YR showed that TBI group had significantly more reactive (p = .01), proactive (p = .003) and total aggression (p = .006)
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	Turkstra et al; 2003; USA
	Brain injury and violent crime
	Retrospective
	20 convicts of domestic violence, 20 control group; All African-American; All male
	Mean age: 34.9 and 32.6, P = NS
	Questionnaire adapted from Sarapata et al. If a participant had a positive history of TBI, then he would be asked to describe the head injury event in full details.
They were classified into 3 groups based on the degree of change in behavior and activities after the trauma
	N/A
	9 Struck by person or object, 6 Sports, 
3 MVA, 2 Jumped or fell, 1 Workplace accident 
	N/A
	12 participants in the convicts group and 15 participants in the control group had TBI (p > .05). However, the severity of trauma in convicts group was higher (p < .05)

	Ferguson et al.; 2009; USA
	History of mild to moderate traumatic brain injury and aggression in physically healthy participants with and without personality disorder
	Cross-sectional
	331 diagnosed with personality disorder, 127 control group; 285 White, 173 Non-White; 332 male, 126 female
	Mean age=34.3 and 28.6
(P=0.001)
	Medical interview,
Mild to moderate TBI: LOC<1 hr
	DSM-IV for personality disorder, Life history of aggression (LHA)
	N/A
	N/A
	History of TBI has a significant effect on LHA aggression score (p = .32).
There was no interaction between personality disorder and TBI on LHA score

	Ilie et al.; 2014; Canada
	Suicidality, bullying and other conduct and mental health correlates of traumatic brain injury in adolescents
	Cross-sectional
	4,685 adolescents in grades 7 through 12
	11-20 years old
	LOC ≥ 5 min or, at least, one night stay in hospital
	11 – item Questionnaire
	N/A
	N/A
	Participants with TBI have higher odds of damaging something on purpose (AOR =2.88, p < .001) and beating/hurting anyone (AOR =2.21, p < .001)

	Warnken et al.; 1994; USA
	Head-Injured Males: A Population at Risk for Relationship Aggression?
	Historical prospective
	33 TBI, 42 OI; 
Participants and their female partner (27 TBI, 38 OI) filled out questionnaires

	Mean age =38.9 and 39.3
P = NS
	Emergency department  patients or inpatients diagnosed with TBI between 1985 and 1990
	CTS < 11 is categorized as nonviolent
	N/A
	N/A
	The overall score of TBI patient was not higher than OI patients, however for some particular questions (increase in fight, Smashing things, yelling) there was a significant difference




	Kapapa et al; 2010; Germany
	Head Trauma in Children, Part 3:
Clinical and Psychosocial Outcome After
Head Trauma in Children
	Historical prospective
	24 TBI (17 severe TBI + 7 mild TBI) patients who were admitted to intensive care unit from Jan 1998 to Jan200.
Participants and their parents filled out questionnaires
	Age range= 19 days to 14.5 years
	Severe TBI: GCS ≤ 8
Moderate TBI GCS > 8
	Short-Form 36 Health Survey for parents and a set of question for children
	N/A
	Average time = 2.1 years
	According to parents, 6 out of 17 (35.3%) severe TBI participants and 1 out of 7 (14.3%) moderate TBI participants become more aggressive after the injury

	Testa et al.; 2006; USA
	Predicting family functioning after TBI: Impact of neurobehavioral factors
	Prospective
	75 msTBI, 47 mTBI, 44 OI at discharge
49 msTBI, 24 mTBI, 33 OI at discharge; Mostly Caucasian, NO African-American; 51%-65% male

	Mean age= 35.2- 41.9 years
	ms TBI: worst GCS < 13, or GCS > 13 in the presence of trauma-related intracranial neuroimaging abnormalities
mTBI: worst GCS > 12 with no findings in  neuroimaging studies
OI: Orthopedic injury
without evidence or prior history of brain injury or neurologic disease
	NFI
	mTBI: 77% Motor vehicle accident, 11% falls
msTBI:58% motor vehicle, 28% falls
	At discharge and 1 year post injury
	No significant difference between the scores in “Aggression” subscale of NFI either at discharge (p = .43) nor at 1-year post-discharge (p = .11)

	Stoddard et al; 2010; USA
	Association of interpersonal violence with self-reported history of head injury
	8-year Longitudinal
	850 in the initial sample (different response rate at different stages of the study); 17% white, 80% African-American, 3% biracial; 50% female
	Mid-adolescence to transition to young adulthood
	Medical interview
asking “Have you ever had a head injury?”
	Frequency of being engaged in any of the following activities
during the preceding 12 months: 
gotten
into a fight, taken part in a group fight, hurt someone badly enough to need bandages or a physician, 
Used a knife, gun, etc. to get something from a person
	N/A
	N/A
	At the end of the 8th year, the sample size was 480. Recent TBI was a predictor of violent behavior (β = 1.07, p < .001)
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Overall, eight of the eleven studies provided some evidence of association between TBI and aggression in community samples. However, one should take it to account that the strength of evidence varied significantly from one study to another based on the study design and sample size. Two studies showed some association in secondary analysis of the results and one failed to detect any association between TBI and aggression. It seems to be fair to conclude that there is some association between TBI and aggression in community samples, but the evidence is not strong enough due to the methodological limitations of the studies. 
The study by Testa and colleagues46 was the only one that failed to detect any association between TBI and aggression. TBI classification in this study was unorthodox. They defined moderate/severe TBI as: worst GCS < 13, or GCS > 13 in the presence of trauma-related intracranial neuroimaging abnormalities, and mild TBI as: worst GCS > 12 with no findings in neuroimaging studies. Surprisingly, a patient with a GSC of 13 with neuroimaging abnormalities does not fit in any group. Misclassification of mild cases into a moderate/severe group might minimize the effect size and consequently reduce the study power. 
It has been shown that repetitive TBI and its long-term consequence, chronic traumatic encephalopathy, are associated with aggression as well as other neuropsychological problems52, but none of these studies focused on the effect of repetitive TBI on aggression. As a matter of fact, many of them excluded participants with prior TBIs except for the study by Stoddard et al.47 that remotely touched on repetitive TBIs and showed that previous TBI (during and before high school) is not predictive of aggression. This is a departure from previous studies53-56 showing that history of past TBI is associated with higher risk of post-concussive syndrome. This might be explained by the difference between study settings since almost all of them were conducted on either professional sports players or military personnel. Moreover, based on the included studies, it was not possible to evaluate the effect of TBI severity on the frequency or intensity of aggression.
It would be naïve to think that there is no moderating factor between TBI and aggression. It is very common to adjust for socioeconomic status while analysis variables of interest, but it seems that in the context of intimate partner violence, adjusting for the family socioeconomic status is not enough as can be seen in the study by Warnken et al.44 One should also consider between-partners income incompatibility, as well as educational and employment incompatibility. Verbal intelligence is another factor that can moderate the effect of TBI on aggression, especially psychological IPA. Using CTS2 questionnaire, the study by Walling et al.41 was the only study that differentiated psychological and physical IPA.  Warnken et al.44 used the first version of CTS and found that head-injured participants were more verbally abusive which is fair to be assumed as equal to psychological abusive. However, they did not measure the verbal intelligence. Alcohol is another moderator that is directly associated with aggression.57 It is not clear whether alcohol and TBI have any interaction effect on aggression or not. Whichever the case is, it seems that head-injured individuals are more violent when they are under the effect of alcohol,37 and are more sensitive to the effect of alcohol (and get drunk with less drinking).44 This might partially explain why Rosenbaum et al.39 failed to detect an association between alcohol and partner violence. While there was no significant difference between batterer and non-batterer groups in the number of drinks/week, but batterer group might have been more influenced by alcohol and, therefore, showed more aggressive behaviors. This may warrant using mental functioning measures rather than the number of drinks, to adjust for drinking habit in TBI and non-TBI groups.
  In all studies except one,40 the majority of participants were Caucasian, and this makes it difficult to generalize the results of this paper to all races.  Another limitation of this paper is the fact that there were not any studies from developing countries. Therefore, one should be cautious to generalize these results to developing countries. Nine out of eleven studies failed to report the time elapsed after the injury. Not all the studies controlled for socioeconomic status, the level of education, job and intelligence, and other important predictors of aggression such as alcohol abuse, illegal drug abuse, exposure to violence and childhood abuse history.
One of the limitations of all the studies mentioned in this paper was how it was established that a person had TBI. Many studies relied on self-report. Corrigan et al.16 summarized limitations of self-reports in the context of TBI as follows: a) telescoping, the tendency to forget past injuries, b) inability to recall early life TBIs and c) requiring the respondent to have some knowledge about TBI, or loss of consciousness. All the above elements limit the validity of the data gathered through self-reports. On the other hand, studies that rely on medical documents tend not to include minor TBIs, since many of them do not seek medical care.16 The problem with self-reporting persists when it comes to reporting post-TBI difficulties and consequences. Underestimating the extent of difficulties or even denying their presence is very common, especially in self-reporting aggression because of the embarrassment and stigma attached to it.58,59 One might not notice this problem unless they ask a family member to evaluate the study participant’s behaviors. 
This review was able to cover only a limited range of populations (based on our exclusion criteria). Although this will restrict generalizability of this review, it is indicative of the complexity and heterogeneity of this field that makes it difficult (or even inaccurate) to include a wide range of studies.   It seems that regardless of the definitions and measurement tools, there is a moderate to strong association between TBI and aggressive behaviors. However, the fact that some of the studies provided partial evidence indicates that a better study design (a prospective study with a large sample size and fair racial distribution, collecting data on all the factors that may contribute to aggression) and more aggression-centered questionnaires might be more helpful in confirming this association. Another problem is the lack of a universal and “agreed-upon” definition for aggression, the way there is for diabetes mellitus or hypertension. Different people have different readings of aggression. Therefore, they design their questionnaires differently. This issue was a problem during our literate search process. Aggression, impulsivity, irritability, agitation, and anger were used interchangeably, so we had to exclude many of the search results. Many of them measured irritability or anger and considered it as aggression.
Although the previously presented studies provide some evidence that there is an association between TBI and aggression, we are not yet able to conclude that TBI causes aggression, because of the lack of temporality in many of the papers. Whether aggression puts the person in a position to receive a head trauma or if instead head trauma causes increased aggression, is a question that remains to be answered. To our knowledge, this is the first review that focused on the association of TBI and aggression in community samples and showed that there is some association between TBI and aggressive behaviors. This paper underlines the need for a more comprehensive approach in studying TBI and aggression. Using standardized measurements and definitions would be of great help in uncovering the association of these two public health problems.
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