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Abstract
Youth and young adults who previously experienced foster care are prone to negative life events, such as
physical injuries, and adverse childhood experiences (ACE), such as abuse, neglect, and household dysfunction.
The purpose of the present study was to identify the prevalence of traumatic brain injury (TBI), ACE, and poor
sustained attention and the associations of these events in this group of vulnerable persons. Participants completed standardized questionnaires on the prevalence of self-reported TBI (TBI) and ACE and performed the
Sustained Attention to Response Task (SART) test to measure sustained attention. Chi-squared and Kruskal-Wallis
rank-sum tests were used to assess demographic differences and associations between TBI and ACE. Sustained
attention was assessed using analysis of variance and linear modeling. Seventy-one participants—46 youth and
young adults who previously experienced foster care (vulnerable group) and 25 age-matched healthy controls—
completed the standardized questionnaires. Analyses indicated that vulnerable participants reported markedly
higher rates of TBI and ACE than healthy controls. Vulnerable persons with TBI reported signiﬁcantly higher
Total ACE scores (p = 0.02), were more likely to have a history of family dysfunction ( p = 0.02), and were more
likely to have lived with a mentally ill guardian ( p = 0.01) than vulnerable persons with no TBI. TBI was signiﬁcantly
associated with Total Errors ( p = 0.001 and p = 0.02) and Omission Errors ( p < 0.001 and p = 0.01) in all participants
and in vulnerable participants, respectively, after adjusting for education level.
Keywords: adolescents; adverse childhood events; attention; concussion; traumatic brain injury

adverse social and health behaviors, and further injury. These events may manifest as domestic partner
abuse, child abuse, unemployment, criminality, and
impaired sustained attention,6,7 producing a potential
cycle of recurrent injury where the cognitive and social
sequelae of TBI pre-dispose victims to future high-risk
behaviours and further injury.
This potential cycle of recurrent injury can be
observed in foster children as well as those who

Introduction
Traumatic brain injury (TBI) is a major cause of
mortality and morbidity in all populations, including
children and young adults, worldwide.1–3 Post-injury
cognitive and psychosocial short-term changes, such
as irritability, impulsivity, and aggression, are common
and impair recovery.4,5 Increasing evidence suggests
that the long-term cognitive and behavioral changes
resulting from TBI can be associated with violence,
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‘‘age out’’ of foster care programs at 18 or 19. As of
2011, there were 47,885 and 400,540 children living
in foster care in Canada and the United States, respectively.8,9 Compared to the general public, youth
in foster care are more likely to experience trauma
and childhood adversity.10 Trauma exposure among
youth in foster care is very prevalent (ranging from
80% to 97%), with many youth reporting four or
more different types of adverse family experiences,
including neighborhood violence, caregiver violence,
and living with a mentally ill caregiver or someone
with an alcohol or drug problem.10 Youth in foster
care are also vulnerable to instability and impermanence,11 which may, in turn, make them more susceptible to adverse outcomes. In fact, studies have
linked placement instability among children in foster
care to various adverse outcomes, including behavioral health problems.12 One might expect that another adverse outcome would include TBI; however,
little is known about the prevalence of TBI and/or
its effects in children and young adults who experienced foster care.
Despite limited research exploring the effects of TBI
on sustained attention among foster children, results
from a study of TBI patients from the general population suggest that TBI may have a negative effect on sustained attention.13 According to their results, patients
with a closed TBI displayed reduced sustained attention and awareness to errors compared to controls.13
Moreover, among these TBI patients, a strong correlation was observed between degree of error awareness
and sustained attention capacity, even when controlled
for severity of injury.13 Despite these ﬁndings, further
research is needed to better understand the relationship between occurrence of TBI, sustained attention,
adverse childhood events like sexual abuse, and foster
care.
This study aimed to determine the prevalence of
self-reported TBI and adverse childhood experiences
(ACE; including physical, sexual, and emotional
abuse and neglect) and assess attention task performance in youth and young adults who previously experienced foster care. We also aimed to determine
whether associations between these events exist
within this population. We hypothesize that persons
who previously experienced foster care will have a
higher prevalence of TBI and abuse, and reduced sustained attention compared to a control group in the
general public, and these events will be signiﬁcantly
associated in this vulnerable population. This work
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has implications for informing holistic care, support,
and child and youth wellness initiatives, as well as injury prevention efforts targeted for this population.
Methods
Study participants and ethics approval
A total of 71 persons participated in this study. Fortysix persons who previously experienced foster care
were identiﬁed and recruited through a child protective services organization (the Catholic Children’s
Aid Society of Toronto; N = 6, 13.1%), and two community youth organizations, including Yonge Street
Mission’s Evergreen Centre for Street Youth and Covenant House Toronto (N = 40; 86.9%). For the purpose
of this study, persons who previously experienced foster care were referred to as ‘‘vulnerable.’’
Twenty-ﬁve age-matched controls without a history
of foster placement were recruited from St. Michael’s
Hospital, University of Toronto (Toronto, Ontario,
Canada) and local high schools. We referred to these
participants as ‘‘controls.’’
To recruit study participants, we printed advertisements and posted them on bulletin boards at the hospital and various youth organizations, schools, and
shelters.
Consent from legal guardians was obtained for all
participants under the age of 18. Participants were
excluded if they were medically unstable or had comorbidities such as uncontrolled seizures that rendered
them unable to complete the tasks required in the
study. All participants were compensated in an amount
approved by the Research Ethics Board (which was
equal to the provincial minimum wage per hour plus
travel by public transit).
This work was approved by the Research Ethics
Board at St. Michael’s Hospital. All participants provided informed consent before being prospectively
enrolled in the study.
Measures
All participants (46 foster participants and 25 controls) completed a General Information Questionnaire,
which gathered information on age, sex (male or female), education level, estimated gross income, and
self-reported history of TBI. Self-reported TBI status
was deﬁned as a ‘‘Yes’’ response to the question: ‘‘Have
you ever had an injury to the head which knocked
you out or at least left you dazed, confused, or disoriented?’’ For participants who answered ‘‘Yes’’ to this
question, the Brain Injury Screening Questionnaire
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(BISQ) was used to gather further details about the
reported TBI event.14 Participants completed the
Adverse Childhood Experiences questionnaire to assess past abuse, neglect, and family dysfunction15 and
the computer-based Sustained Attention to Response
Task (SART) test to assess sustained attention.16 Further details about the questionnaires and tests are provided as follows.
Outcome measures
Traumatic brain injury. Self-reported TBI status was
assessed using semistructured one-on-one interviews
with participants and the BISQ,14 a three part 148item validated instrument which provides information
on the number of reported TBIs, their mechanisms, severity (dazed, confused, or loss of consciousness), and
associated diagnoses.
Adverse childhood experiences. ACE of abuse were
self-reported by participants using the Adverse Childhood Experiences questionnaire, which is a 10-question
survey divided into three subcategories which represent
different forms of childhood adversity: Abuse, Neglect,
and Household/Family Dysfunction.15,17–20 Participants were asked whether they experienced a speciﬁc
adverse childhood event described in each question
(e.g., verbal abuse, physical abuse, sexual abuse, emotional neglect, etc.). Each ‘‘Yes’’ response is 1 point,
for a maximum Total Adverse Childhood Experiences
score of 10 points and maximum Adverse Childhood
Experiences subcategory score of 3, 2, and 5 for the
Abuse, Neglect, and Family Dysfunction subcategories,
respectively.15
Sustained attention. Sustained attention was measured using the SART test—a computerized Go/NoGo task in which a random number between 1 and 9
is presented every 1150 ms.6,21–24 The SART has been
shown to be a sensitive test to detect attention impairment in patients with mild TBI, regardless of diagnosis.21 Each number appears 25 times for a total of 225
stimuli. Participants were instructed to respond to all
numbers (go stimuli) by pressing a key except for a single pre-determined no-go stimulus that appears 11% of
the time. Dependent variables include Commission
Errors (responding to no-go stimuli), Omission Errors
(not responding to go stimuli), and Total Errors.16,25
We used computerized SART E-prime 2.0 from Psychology Software Tools.
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Statistical analysis
Adverse Childhood Experiences questionnaire results
were analyzed for Total Adverse Childhood Experiences scores, subcategory scores, and responses to each
individual question. A chi-squared test was used to
compare response characteristics of control and vulnerable participants, as well as vulnerable participants
with and without TBI. A Kruskal-Wallis rank-sum
test was used to assess differences in Total Adverse
Childhood Experiences scores by study group followed
by a post hoc test using the pair-wise Mann-Whitney
U test.
SART performance was assessed by the number of
Omission, Commission, and Total Errors committed
during the trial.16,26 Mean Omission, Commission,
and Total Errors were compared using an analysis of
variance (ANOVA). A post hoc test (Tukey’s honestly
signiﬁcant difference) was conducted for the paired
test after ANOVA. The joint effect of education level
and TBI on the attention-related tasks was evaluated
using ﬁtted linear models. All statistical analyses were
performed using R software (version 3.4.4; R Foundation for Statistical Computing, Vienna, Austria).27 A
p value <0.05 was considered statistically signiﬁcant.
Results
Demographics and traumatic brain
injury prevalence
Table 1 summarizes the demographic characteristics of
46 vulnerable participants and 25 controls (N = 71).
Around half (54%) of the vulnerable participants
were male, around one third (30%) had an education
level of junior high school or lower, around half
(46%) had an income below $10,000, and 61% had
self-reported a TBI. The age range for both the vulnerable and control group was 16–28 years. However,
most of the vulnerable participants (91%) were between the ages 16 and 26 and all said they were homeless at the time of participation. Of the control group,
around one third (32%) were male, more than one
third (40%) had an education level of high school or
lower, around one ﬁfth (20%) had an income below
$10,000, and none self-reported TBI. Most of the control participants (88%) were between the ages 16 and
26. A chi-squared test revealed that control participants had signiﬁcantly different levels of education
(v2 = 21.86, p < 0.0001), and they reported signiﬁcantly
different levels of gross income (v2 = 22.65, p < 0.0001)
than vulnerable participants. Vulnerable participants
had signiﬁcantly higher TBI (v2 = 22.64, p < 0.0001)
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Table 1. Demographic Characteristics of Vulnerable
Participants and Healthy Controls (N = 71)

Characteristic
Age categories (years)
16–18
19–22
23–26
27–30
Age range (years)
Sex
Male
Female
Education level
Junior high school or less
High school/GED
Some college or more
Gross income
Decline to answer
<$10,000
$10,000–$20,000
>$20,000
TBI
Yes
No

Table 2. Distributions of Total ACE Scores and Subcategory
Scores in Vulnerable Participants with TBI (No or Yes)
and Healthy Controls

Vulnerable
(N = 46)
N (%)

Control
(N = 25)
N (%)

11 (23.9)
17 (37.0)
14 (30.4)
4 (8.7)
16–28

8 (32.0)
3 (12.0)
11 (44.0)
3 (12.0)
16–28

25 (54.3)
21 (45.7)

8 (32.0)
17 (68.0)

14 (30.4)
28 (60.9)
4 (8.7)

4 (16.0)
6 (24.0)
15 (60.0)

11
21
12
2

5
5
2
13

(23.9)
(45.7)
(26.1)
(4.3)

28 (60.9)
18 (39.1)

(20.0)
(20.0)
(8.0)
(52.0)

0 (0.0)
25 (100.0)

Vulnerable Vulnerable Vulnerable
TBI = No
TBI = Yes
total
(N = 12)
(N = 24)
(N = 36)
Score
N (%)
N (%)
N (%)
Total ACE

Abuse prevalence and characteristics assessed
using overall Adverse Childhood Experiences
questionnaire and its subcategories
Vulnerable participants were further divided by TBI
status (no or yes; Table 2). Total Adverse Childhood
Experiences scores were not normally distributed.
A Kruskal-Wallis test showed that the distribution of
Total Adverse Childhood Experiences scores was signiﬁcantly different among all three study groups
(those without TBI, those with TBI, and controls;
v2 = 29.12, p < 0.001). A post hoc test using the pairwise Mann-Whitney U test showed signiﬁcant differences between those without and with TBI ( p = 0.02),
those without TBI and controls ( p = 0.002), and those
with TBI and controls ( p < 0.001). In total, 78% of
the vulnerable participants had a Total Adverse Childhood Experiences score >2, as opposed to 9% for controls (Table 2). Among vulnerable participants with
TBI, 50% reported Total Adverse Childhood Experien-

0
1
2
3
4
5
6
7
8
9
10

1
2
1
1
2
1
3
1
0
0
0

(8.3)
(16.7)
(8.3)
(8.3)
(16.7)
(8.3)
(25.0)
(8.3)
(0.0)
(0.0)
(0.0)

1
1
2
2
1
2
2
1
4
4
4

(4.2)
(4.2)
(8.3)
(8.3)
(4.2)
(8.3)
(8.3)
(4.2)
(16.7)
(16.7)
(16.7)

2
3
3
3
3
3
5
2
4
4
4

(5.6)
(8.3)
(8.3)
(8.3)
(8.3)
(8.3)
(13.9)
(5.6)
(11.1)
(11.1)
(11.1)

12
6
2
1
0
0
0
0
1
0
0

(54.5)
(27.3)
(9.1)
(4.5)
(0.0)
(0.0)
(0.0)
(0.0)
(4.5)
(0.0)
(0.0)

0
1
2
3

4
1
5
2

(33.3)
(8.3)
(41.7)
(16.7)

4
1
7
12

(16.6)
(4.2)
(29.2)
(50.0)

8
2
12
14

(22.2)
(5.6)
(33.3)
(38.9)

18
1
3
0

(81.8)
(4.5)
(13.6)
(0.0)

0
1
2

6 (50.0)
4 (33.3)
2 (16.7)

0
1
2
3
4
5

1
5
3
3
0
0

Abuse
subcategory

Neglect
subcategory

GED, General Educational Development; TBI, self-reported traumatic
brain injury status.

than healthy controls. All other demographic variables
did not differ signiﬁcantly between the two groups.
Among the 28 vulnerable participants who selfreported TBI on the BISQ, 18 (64%) recalled that
they had loss of consciousness, 3 (11%) indicated
they had been dazed or confused, and the remainder
could not recall for certain.

Control
(N = 22)
N (%)

6 (25.0)
8 (33.3)
10 (41.7)

12 (33.3)
12 (33.3)
12 (33.3)

21 (95.5)
1 (4.5)
0 (0.0)

Family
dysfunction
subcategory
(8.3)
(41.7)
(25.0)
(25.0)
(0.0)
(0.0)

3
3
3
3
5
7

(12.5)
(12.5)
(12.5)
(12.5)
(20.8)
(29.2)

4
8
6
6
5
7

(11.1)
(22.2)
(16.7)
(16.7)
(13.9)
(19.4)

14
6
1
0
0
1

(63.6)
(27.3)
(4.5)
(0.0)
(0.0)
(4.5)

ACE, Adverse Childhood Experiences questionnaire; TBI, self-reported
traumatic brain injury status.

ces scores between 8 and 10. None of the vulnerable
participants without TBI had a Total Adverse Childhood Experiences score between 8 and 10 (Table 2).
Within vulnerable participants, persons with TBI
reported higher Family Dysfunction subcategory
Adverse Childhood Experiences scores (v2 = 5.0618,
p = 0.02) than persons without TBI. Abuse and Neglect
subcategory scores did not differ signiﬁcantly between
vulnerable participants with and without TBI (Table 2).
Associations between speciﬁc adverse childhood
experiences and traumatic brain injury
in vulnerable participants
Table 3 summarizes the responses to individual ACE
questions across study groups. Participants who responded partially to the Adverse Childhood Experiences
questionnaire were included if they had responded to
at least one question. Controls had a signiﬁcantly

Cusimano et al.; Neurotrauma Reports 2021, 2.1
http://online.liebertpub.com/doi/10.1089/neur.2020.0030

98

Table 3. Responses to Individual ACE Questions
in Vulnerable Participants with TBI (No or Yes)
and Healthy Controls
Vulnerable Vulnerable Vulnerable
TBI = No
TBI = Yes
total
N (%)
N (%)
N (%)

Control
N (%)

Verbal abuse
No
5 (38.5)
7
Yes
8 (61.5)
20
Physical abuse
No
6 (46.2)
9
Yes
7 (53.8)
18
Sexual abuse
No
11 (84.6)
13
Yes
2 (15.4)
14
Emotional neglect
No
6 (46.2)
9
Yes
7 (53.8)
18
Physical neglect
No
10 (76.9)
15
Yes
3 (23.1)
12
Divorced/separated parents
No
5 (38.5)
9
Yes
8 (61.5)
18
Witnessed domestic abuse
No
9 (75.0)
9
Yes
3 (25.0)
15
Living with drug/alcohol abuser
No
7 (58.3)
12
Yes
5 (41.7)
14
Living with mentally ill guardian*
No
10 (83.3)
9
Yes
2 (16.7)
17
Household member went to prison
No
9 (75.0)
13
Yes
3 (25.0)
13

(25.9)
(74.1)

12 (30.0)
28 (70.0)

20 (83.3)
4 (16.7)

(33.3)
(66.7)

15 (37.5)
25 (62.5)

21 (91.3)
2 (8.7)

(48.1)
(51.9)

24 (60.0)
16 (40.0)

23 (95.8)
1 (4.2)

(33.3)
(66.7)

15 (37.5)
25 (62.5)

23 (95.8)
1 (4.2)

(55.6)
(44.4)

25 (62.5)
15 (37.5)

24 (100.0)
0 (0.0)

(33.3)
(66.7)

14 (35.0)
26 (65.0)

17 (70.8)
7 (29.2)

(37.5)
(62.5)

18 (50.0)
18 (50.0)

23 (95.8)
1 (4.2)

(46.2)
(53.8)

19 (50.0)
19 (50.0)

22 (91.7)
2 (8.3)

(34.6)
(65.4)

19 (50.0)
19 (50.0)

20 (87.0)
3 (13.0)

(50.0)
(50.0)

22 (57.9)
16 (42.1)

22 (95.7)
1 (4.3)

The following p values are for differences between the vulnerable
TBI = No and vulnerable TBI = Yes groups.
*v2 = 5.9679, p = 0.01.
ACE, adverse childhood experiences; TBI, self-reported traumatic brain
injury status.

lower proportion of ‘‘Yes’’ responses than vulnerable
participants on every question ( p < 0.001), reﬂecting
less exposure to all forms of ACE. Within vulnerable
participants, persons who reported TBI had a signiﬁcantly higher proportion of ‘‘Yes’’ responses to all questions ( p < 0.001) than persons without TBI. As well,
persons with TBI had signiﬁcantly higher positive response ( p = 0.01) to living with a mentally ill guardian
than persons without TBI. Responses to other ACE
questions did not differ signiﬁcantly between vulnerable
participants with and without TBI.
Poorer sustained attention in vulnerable
participants with traumatic brain injury
Figure 1 illustrates SART performance of vulnerable
participants and control participants. A post hoc test
revealed that vulnerable participants with TBI had
signiﬁcantly higher mean Total Errors compared to
controls ( p = 0.001), and mean Omission Errors were
also signiﬁcantly different in vulnerable participants
with TBI compared to controls ( p < 0.001), after
adjusting for education level.
Association between overall and individual
adverse childhood experiences questions
and sustained attention in vulnerable participants
The joint effect of all components of the Adverse
Childhood Experiences questionnaire and TBI on the
attention-related tasks was evaluated. An ANOVA test
conducted on the ﬁtted linear regression model (residuals for this model were found to be normally distributed)

FIG. 1. SART performance of vulnerable participants with or without TBI and control participants. SART,
Sustained Attention to Response Task; TBI, self-reported traumatic brain injury status.
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Table 4. Associations between SART Performance and TBI
and between SART and Individual ACE Questions
in Vulnerable Participants
N
Exposure
TBI
No
Yes
Verbal abuse
No
Yes
Physical abuse
No
Yes
Sexual abuse
No
Yes
Emotional neglect
No
Yes
Physical neglect
No
Yes
Divorced/separated
parents
No
Yes
Witnessed domestic
abuse
No
Yes
Living with drug/alcohol
abuser
No
Yes
Living with mentally ill
guardian
No
Yes
Household member went
to prison
No
Yes

Total
Errors
Mean – SD

Omission
Errors
Mean – SD

Commission
Errors
Mean – SD

16 24.6 – 11.8 10.4 – 7.4
14.2 – 5.4
28 37.8 – 20.4* 23.4 – 17.9** 14.4 – 5.9
11 32.0 – 18.0
27 34.6 – 20.3

17.5 – 14.1
20.5 – 18.3

14.5 – 6.7
14.1 – 5.0

14 32.4 – 16.6
24 34.7 – 21.2

17.8 – 13.6
20.7 – 18.9

14.7 – 6.0
14.0 – 5.3

22 30.2 – 15.8
16 38.9 – 23.1

15.5 – 11.8
25.3 – 21.4

14.6 – 5.8
13.6 – 5.1

14 35.1 – 19.4
24 33.1 – 19.8

21.1 – 15.7
18.8 – 18.0

14.0 – 6.1
14.3 – 5.3

24 33.2 – 18.1
14 34.9 – 22.1

18.1 – 15.2
22.3 – 20.1

15.1 – 5.6
12.7 – 5.1

13 35.7 – 18.4
25 32.9 – 20.2

20.5 – 15.0
19.2 – 18.3

15.2 – 6.3
13.7 – 5.1

18 30.1 – 16.5
17 38.6 – 22.9

15.3 – 14.0
25.0 – 20.1

14.9 – 5.5
13.6 – 5.2

18 35.2 – 16.6
19 32.5 – 22.6

18.8 – 14.8
20.6 – 19.7

16.4 – 4.6***
11.9 – 5.4

18 32.8 – 18.1
19 34.7 – 21.5

18.0 – 15.0
21.4 – 19.4

14.9 – 5.4
13.3 – 5.6

21 33.0 – 20.5
16 34.8 – 19.2

18.8 – 17.2
21.0 – 17.8

14.2 – 6.0
13.8 – 4.9

*F = 5.536, p = 0.02; **F = 7.565, p = 0.01; ***F = 7.394, p = 0.01.
SART, Sustained Attention to Response Task; TBI, self-reported
traumatic brain injury status; ACE, adverse childhood experiences; SD,
standard deviation.

using Omission Errors as the response variable, with TBI
and answers to the 10 ACE questions as covariates,
found that TBI has a signiﬁcant effect ( p = 0.03) on
Omission Errors after adjusting for all other covariates
in vulnerable participants. However, no such effect was
noted for any of the covariates for Total Errors and
Commission Errors.
Table 4 summarizes associations between SART performance and TBI and between SART and individual
ACE questions in vulnerable participants. Vulnerable
participants with TBI had signiﬁcantly higher mean
Total Errors ( p = 0.02) and Omission Errors ( p = 0.01)
than vulnerable participants who did not report expe-

riencing a TBI, after adjusting for education level.
Moreover, vulnerable patients without a history of
living with a drug/alcohol abuser had signiﬁcantly
higher Commission Errors ( p = 0.01). SART performance did not differ based on any other ACE question.
Discussion
High prevalence of traumatic brain injury
and abuse in vulnerable participants
Prevalence of TBI in our group of vulnerable persons
was 61%—much higher than the average of 25.9%
in the general public as reported in a 2011 metaanalysis.28 Although recruitment from youth shelters
subjects our study group to sampling bias, this difference in TBI prevalence is remarkable. Similarly, results
from our Adverse Childhood Experiences questionnaire are in line with previous reports that found that
abuse is much more prevalent in foster children. This
is not surprising given that foster children have been
found to experience more ACE, such as neglect, domestic violence, and abuse, than children in the general
public.29 Additionally, we found a strong positive relationship between TBI history and adverse childhood
experiences in vulnerable participants. Adverse environmental factors, such as unstable family dynamics
and transient living situations, may deprive this vulnerable population of a capable and dedicated guardian
who can consistently look out for their well-being.30
The high-risk environment, coupled with the increased
propensity for foster children to engage in risk-taking
behavior,31,32 can create situations with a high risk for
acquiring TBI and/or experiencing abuse or other adverse events.
Poor sustained attention and traumatic brain
injury in vulnerable participants
Vulnerable participants with TBI performed worse
on the SART than vulnerable participants without
TBI and controls, suggesting that TBI may be linked
to differences in sustained attention. This ﬁnding is
not surprising and is consistent with those found
among non-vulnerable populations.6,13 Poorer SART
performance was only noted in vulnerable participants
with TBI, which further supports the link between
poorer sustained attention and TBI. Sustained attention is required to survey potential hazards in the environment and is likely required to prevent injury. This
is especially crucial for youth and young adults who
experienced foster care and homelessness, given that
these persons have been documented to participate in
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more high-risk activities and encounter more hazards
in everyday life than the general public.31,32 It is tempting to speculate that poorer sustained attention noted
in the vulnerable study participants might be a risk factor for future recurrent TBIs, pre-disposing them to a
potential cycle of inattention-injury that can further
contribute to the poor long-term health outcomes
observed in this population. However, given the crosssectional nature of our data, the temporality of the
association found between TBI and poorer sustained
attention cannot be determined. As such, these ﬁndings
may not be uniquely attributable to TBI and require
further study in the future.
Previous studies suggest that the SART is sensitive to
impulsive responding.33–35 In our study, the participants who lived with a drug/alcohol abuser may have
experienced an inhibition of such impulsivity, resulting
in the lower Commission Errors observed in Table 4.
Limitations and future directions
Our study has several limitations. First, given the nature
of the data, our results represent associations, and thus
a cause-and-effect relationship between TBI, ACE, and
sustained attention needs further investigation. As such,
the reported results and group differences may not be
uniquely attributed to TBI. Our results may be prone
to sampling bias given the sample size and recruitment
approach. Also, given that all vulnerable participants
stated that they were homeless at the time of participation, it is possible that some of our sustained attention
results could be confounded by the state of homelessness. Therefore, our results may not be generalizable
to the entire foster child population, especially to
youth and adults who were raised in foster care, but
are not homeless at presentation. Our control group
systematically differed on several variables from the
participants in the vulnerable group, and so we were unable to match controls on educational level. Whereas
we acknowledge the potential confounds and weakness
of our control group, we would consider the inclusion
of a control group a strength, given the ongoing challenge of working in this area.
A feature of our study was that we had a vulnerable
group that was not a clinical sample recruited from
a hospital or clinic setting. However as a result, our
study relied on self-reports of TBI and adverse childhood experiences of abuse, which may be subject to
recall bias. Nevertheless, based on participants’ selfreport, we did know that most TBI reported by participants occurred during childhood. Social desirability
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bias and misclassiﬁcation bias are also possible in our
measure of ACE given that youth and young adults
may have responded ‘‘No’’ to any given question
because of the sensitive nature of the information.
Finally, our assessment of sustained attention—which
is a multi-dimensional construct—relied solely on a
single measure (the SART), and we did not have access
to clinical diagnostic or other information on diagnoses
of attention-deﬁcit hyperactivity disorder and other
attention/learning disorders, which have been linked
to poor performance on the SART.36 As such, data
on other signiﬁcant measures known to inﬂuence executive functions were beyond the scope of our study.
Although we acknowledge these limitations, our study
provides a detailed look into the associations between
TBI, ACE, and sustained attention in a disadvantaged
population that is largely underserved. Our work has
raised important observations, and it should motivate
further study and validation in future research.
Conclusion
Our ﬁndings indicate that former foster care is associated with high frequency of TBI, poorer sustained attention, and ACE of abuse and neglect. We posit that
persons living in environments at higher risk for injury
and abuse may be more likely to sustain a TBI and
be pre-disposed to cycles of further trauma facilitated
by alterations in cognitive function such as poorer
sustained attention. These cyclical events and environments may play a large role in shaping the poor
long-term health and life outcomes observed in this
disadvantaged population. In fact, literature on the
broad sequelae of abuse suggests that the associations
that we identiﬁed may extend to other adverse outcomes, such as aggression, social withdrawal, and low
socioemotional competence, that may further predispose these persons to adverse health and social outcomes.37,38 The complicated web of these events and
their temporal course should be further elucidated in future research. Ultimately, a better understanding of the
temporality and causal pathways of these events will
aid in injury and violence prevention efforts and wellness strategies targeted at this vulnerable population.
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