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Drug Abuse, Alcohol Use, Adverse Childhood Events,
and Aggression Levels in Individuals with Foster
Care History
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Abstract
Nearly 50,000 Canadian children live in foster care. Compared with their peers, foster children experience greater
independence and decreased guidance, predisposing them to harmful exposures such as traumatic brain injury
(TBI), illicit drugs, and alcohol. Foster children also report a higher level of childhood abuse compared with the gen-
eral population. This study aimed to: 1) investigate substance/alcohol use disorder, adverse childhood events (ACE),
TBI, aggression levels, and the difference between normalized percentages of brain regions of interest (ROIs) in a
sample of Canadian youths with and without foster care history; 2) determine the prevalence of substance/alcohol
use disorder, ACE, and aggression levels within individuals with foster care history when stratified by likelihood of
TBI; and 3) determine the significant correlates of elevated aggression levels within this population. Participants
completed standardized questionnaires that measured the prevalence of TBI, substance and alcohol use disorder,
ACE, and aggression. Magnetic resonance imaging (MRI) was used to measure differences in brain ROI. Regression
and network analysis were used to study interactions between variables. Seventy-four participants (51 individuals
with foster care history and 23 age-matched controls from the general population) completed standardized ques-
tionnaires. Fifty-five of these individuals (39 foster participants and 16 controls) underwent brain MRI. Foster partic-
ipants had higher prevalence of substance use disorder ( p < 0.001), alcohol use disorder ( p = 0.003), ACE ( p < 0.001),
and elevated aggression levels ( p < 0.001) than healthy controls. No significant difference was found among brain
ROI. The prevalence of TBI in foster participants was 65%. Foster participants with moderate or high likelihood of TBI
exposure had higher levels of drug use and aggression than those with no or low likelihood of exposure. Brain
volumes were not associated with substance/alcohol use disorder or ACE. No significant associations were
found between aggression levels and the studied variables.
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Introduction
Currently, there are over 47,000 Canadian,1 690,000
American,2 and 56,160 British3 children living in foster
care under the legal responsibility of the government or
other family members rather than their biological par-

ents. Compared with their peers, the greater indepen-
dence and decreased guidance experienced by foster
children predisposes them to harmful exposures such
as traumatic brain injury (TBI), illicit drugs, and alco-
hol.4–7 Foster care children also report a higher level of
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childhood abuse compared with the general population.8

However, there are some inconsistencies with the afore-
mentioned results attributed to modest sample sizes and
varying methods of measuring outcomes of interest.

TBI has been linked to elevated risks of substance use
disorder,9 alcohol use disorder,10 and aggression,9,11,12

whereas increased aggression is associated with sub-
stance use13 and childhood physical abuse and internal-
izing behavior.14 Further, elevated levels of aggression are
noted to be associated with reduced amygdala, hippo-
campal,15 and prefrontal cortical volume in alcoholics,16

psychiatric patients, and healthy populations.11,13–15

Aggression is also linked to increased white matter vol-
umes in occipital and parietal lobes and increased gray
matter volume in right cerebellum.17 However, results
are inconsistent as some studies have found increased ag-
gression associated with increased volumes,18 whereas
other studies reported null findings.17 To date, these re-
lationships have not been explored among those with a
history of foster care; but one may consider that those
with a history of foster care might have higher levels of
adverse outcomes such as aggression and substance/
alcohol use disorders and associated reduced volumes of
amygdala, hippocampal, and prefrontal cortical volumes.

To our knowledge, no studies have simultaneously
examined TBI, substance abuse, alcohol use, childhood
abuse, and aggression in a foster population using neu-
rological imaging. Thus, our study aimed to: 1) investi-
gate substance use disorder, alcohol use disorder,
adverse childhood events (ACE), TBI, aggression levels,
and the difference between normalized percentages of
brain regions of interest (ROIs) in a sample of Cana-
dian youths and young adults with and without foster
care history; 2) determine the prevalence of substance
use disorder, alcohol use disorder, ACE, and aggression
levels within individuals with foster care history when
stratified by likelihood of TBI exposure; and 3) deter-
mine the significant correlates of elevated aggression
levels within this population. We hypothesized that in-
dividuals with foster care history will have a higher
prevalence of TBI, substance/alcohol use disorders,
and childhood abuse; higher aggression levels; lower
volumes of amygdala, hippocampus, and cortex; and
higher volumes of white and gray matter than controls.

Methods
Study design and ethics approval
A cross-sectional investigation was used to collect data
on current and former foster children living in Tor-
onto, Ontario, Canada. The research was approved by

the Research Ethics Board at St. Michael’s Hospital,
Toronto, Ontario, Canada.

Participants
The inclusion criteria for foster care participants con-
sisted of being an English speaker, being at least 16
years old, and having been registered at a child wel-
fare location. Foster participants were identified and
recruited through child protective services (the Catho-
lic Children’s Aid Society), community youth organiza-
tions (Yonge Street Mission’s Evergreen Center for
Street Youth and Covenant House Toronto), and refer-
ral from other participants. To encourage recruitment,
we printed advertisements and posted them on bulletin
boards at the various youth organizations, schools,
and shelters.

A control group was recruited from the general
population from St. Michael’s Hospital, University of
Toronto, local high schools, and referrals from other
participants. Controls were matched to cases (partici-
pants with foster care history) based on age. In turn,
controls were required to be English speakers, at least
16 years old, have no foster care involvement, and
have never had a self-reported TBI. All participants
were compensated in an amount approved by the
Research Ethics Board (which was equal to the provin-
cial minimum wage per hour plus travel by public tran-
sit), and according to the degree of time commitment.
In general, participants who completed all tests and un-
derwent magnetic resonance imaging (MRI) received
more compensation than those who did not undergo
MRI because of the longer time required for the MRI
component, which was conducted in addition to the
other components of the study.

Procedure
Prior to being enrolled in the study, all participants
provided written informed consent. Once enrolled,
participants were asked to complete a series of ques-
tionnaires under the supervision of a research assistant.
Those who were eligible and consented for MRI were
scanned according to the protocol described below.

Measures
Demographics and TBI exposure. All participants
(51 foster participants and 23 controls) completed the
General Information Questionnaire, which gathered
information on age, sex, gender, education level, in-
come, history of psychiatric disorders, ethnicity, and
self-reported history of TBI. TBI was defined as a
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‘‘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?’’

Likelihood of TBI exposure. The Brain Injury Screening
Questionnaire (BISQ)19 was used to determine the likeli-
hood of lifetime TBI exposure.20 This questionnaire had
three sections: TBI history, symptoms, and other health
conditions. Each participant received a final BISQ score
ranging from 0 (no exposure), 1 (low), 2 (moderate), to
3 (high probability) of TBI exposure. Because the BISQ
score is also associated with severity of lifetime TBI, a
higher score indicated a more severe case.19

Substance use. The Drug Abuse Screening Test
(DAST) is a validated method for identifying individu-
als who abuse psychoactive drugs and classifying the
severity of misuse.21 The data from this test were self-
reported with the participant marking either a ‘‘Yes’’
or ‘‘No’’ response to each question. This screening test
addressed multiple substance use and problems caused
by drug abuse including employment, medical condi-
tions, and family and social relationships. Each response
indicating a tendency toward substance use added 1
point to the total score. A score of 6 or higher was con-
sidered a positive screen for substance use disorder.

Alcohol use. The Alcohol Use Disorders Identifica-
tion Test (AUDIT) is a validated 10-item questionnaire
that asks about the frequency or extent of alcohol-
related activities,22 and is scored similarly to the DAST
for a maximum score of 40. This test covers topics in-
cluding frequency of drinking and effects on employ-
ment, mental health, and friends and family. A score
above 8 suggested a positive screen for alcohol use dis-
order, whereas a score of 20 or more indicated extremely
problematic drinking.

Adverse childhood events. The Adverse Childhood
Experiences (ACE) Questionnaire is a 10-item ques-
tionnaire that asks about exposure to domestic vio-
lence, sexual abuse, physical abuse, verbal abuse, and
drug abuse and mental health in caretakers. Each expo-
sure added 1 point to the overall ACE Questionnaire
score for a maximum score of 10.

Aggression. The Buss Perry Aggression Question-
naire (BPAQ) contains 29 questions that aim to mea-
sure physical aggression, verbal aggression, anger, and
hostility.23 For each question, participants were asked

to rank their likelihood of performing each behavior
on a scale from 1 to 7. The points from each question
were tallied for a maximum score of 63 in physical ag-
gression, 35 in verbal aggression, 49 in anger, 56 in hos-
tility, and a total score of 203. A higher score indicated
more aggressive behavior.

MRI images. Brain images were obtained using the
3.0 Tesla research-dedicated MRI system (MR750,
GE Healthcare, Waukesha, WI, USA) at Sunnybrook
Health Center in Toronto. A standard 12-channel
head phased-array coil was used. MRI protocol consisted
of T1-weighted fast gradient echo images (in-plane
resolution = 0.9 mm · 0.9 mm; field of view [FOV] =
220 mm · 165 mm; slice thickness = 1.4 mm; flip angle =
15 degrees; repetition time [TR] = 8.2 msec; echo time
[TE] = 3.2 msec), axial proton-density weighted T2 (PD-
T2) images (resolution = 0.9 mm · 0.9 mm · 3.0 mm;
FOV = 220 mm · 165 mm; slice thickness = 3 mm; flip an-
gle = 90 degrees; TR = 2900 msec; TE = 22.2/88.8 msec),
axial FLAIR (fluid attenuated inversion recovery) images
(resolution = 0.9 mm · 1.1 mm · 3.0 mm; FOV = 220 mm ·
200 mm; slice thickness = 3 mm; flip angle = 90 degrees;
TR = 9950 msec; TE = 96 msec), and axial gradient
recalled echo (GRE) images (resolution = 0.8 mm ·
1.0 mm · 3.0 mm; FOV = 200 mm · 200 mm; slice thick-
ness = 3mm; flip angle = 20 degrees; TR = 784 msec;
TE = 35 msec).

MRI data processing. To calculate regional brain vol-
umes, the T1-weighted images of both the foster and
control groups were analyzed using the fully automated
FreeSurfer Pipeline version 5.3.0.24 Specifically, the
volume-based stream was used, which consists of six
stages: affine registration with the Montreal Neurological
Institute Atlas (MNI305), initial volumetric labeling, B1
bias field correction, skull stripping, high-dimensional
non-linear volumetric alignment to the MNI305, and
eventually data labeling (segmentation). The program
divides each T1-weighted image into 65 substructures
and calculates the volume of each. Of the 65 brain re-
gions computed by FreeSurfer, structures related to ag-
gression were specifically examined, including the
amygdala, hippocampus, cortex, cortical white matter,
and total gray matter.25–27 Due to the limited areas gen-
erated by FreeSurfer, total cortex volume was examined
instead of specific lobular volume. The volumetric data
were normalized using the well-accepted proportion
method by dividing the ROI volume by total intracra-
nial volume (ICV).28
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Statistical analysis
We used a chi-squared or Fisher’s exact test to compare
the demographic variables between the foster and con-
trol group. The prevalence of TBI, substance use disor-
der, alcohol use disorder, and ACE Questionnaire score
of the foster and control group were calculated by di-
viding the number of participants with the outcome
of interest by the total number of participants in the
group. We used a chi-squared test to compare the
rate of substance use disorder and alcohol use disorder
between the foster and control groups. Questionnaire
scores between the foster and control group, volumet-
ric differences in the normalized percentage and vol-
ume of brain structures of interest between the foster
and control group, and questionnaire scores in foster
groups stratified by likelihood of TBI exposure were
all compared using a two-tailed t test.

To investigate the interplay of the studied factors, a
network analysis was conducted using Cytoscape to vi-
sualize the undirected, binary interactions.29 Nodes rep-
resented variables including questionnaire scores, foster
care history, and volumetric data. Edges represented the
interaction between variables, with a thicker edge repre-
senting a stronger association. We selected only the in-
teractions with a Pearson’s coefficient of higher than 0.4.

An ordinary least square (OLS) regression was used
to investigate significant correlates of elevated aggres-
sion levels within the sample. The independent variable
was likelihood of TBI history and the dependent vari-
able was BPAQ score. Confounding variables included
in the model were age, gender, drug abuse (DAST score),
alcohol use (AUDIT score), ACEs (ACE Questionnaire
score), and normalized amygdala, hippocampus, and
cortex volumes. Only individuals with complete ques-
tionnaire and volumetric data (39 foster participants
and 16 controls) were included in the regression.

Results
Demographic information
As shown in Table 1, 74 participants (51 foster partic-
ipants and 23 controls) were between 16 and 30 years
of age with a mean age of 21.6 years (standard devia-
tion [SD] = 3.18) in the foster group and 21.1
(SD = 3.28) in the control group. A chi-square test
showed no significant difference in age and sex between
the two groups; however, a larger proportion of con-
trols were enrolled in post-secondary education and
had higher incomes. White or Caucasian (47%) was
the most prevalent ethnicity in the foster group and
Asian or Asian Canadian (47%) was the most prevalent

ethnicity in the control group. On average, foster par-
ticipants stayed in foster care for 5.9 years (SD = 4.2).

Comparison of substance use, alcohol use,
adverse childhood events, and aggression levels
between foster and control groups
Forty-nine foster participants and 22 controls com-
pleted the DAST, 51 foster participants and 23 controls
completed the AUDIT, 46 foster participants and 19
controls completed the ACE Questionnaire, and 51 fos-
ter participants and 22 controls completed the BPAQ.
In comparison to their control group counterparts, fos-
ter group participants had significantly higher levels of
substance use, alcohol use, ACEs, and aggression levels.
The average DAST score was 6.33 (SD = 4.44) in the
foster group and 1.00 (SD = 3.14) in the control
group ( p < 0.001). Foster participants also had a higher
prevalence of substance use disorder (47% compared
with 5%, p < 0.001) than controls. The average
AUDIT score was 9.22 (SD = 8.84) in the foster group
and 3.96 (SD = 5.41) in the control group ( p = 0.003).
Foster participants had a higher prevalence of alcohol
use disorder than controls (49% compared with 13%,
p = 0.002). In terms of ACEs, the average ACE Ques-
tionnaire score in the foster group was 5.66
(SD = 3.42) and it was 0.88 (SD = 1.32) in the control
group ( p < 0.001). The average total BPAQ score was
105.67 (SD = 39.37) in the foster group and 68.59
(SD = 16.83) in the control group ( p < 0.001). Within
the subsections of the BPAQ, the foster group scored
significantly higher than the control group for BPAQ
physical score ( p < 0.001), verbal score ( p < 0.001),
anger score ( p < 0.001), hostility score ( p < 0.001),
and total BPAQ score ( p < 0.001). DAST, AUDIT,
and ACE Questionnaire scores are summarized in
Figure 1A and BPAQ scores are shown in Figure 1B.

Volumetric difference in ROI between foster and
control groups. In total, 55 participants (39 foster
participants and 16 controls) underwent brain MRI.
No significant differences were observed in regional
brain volumes of the amygdala, hippocampus, and cor-
tex between the two groups.

Substance use, alcohol use, aggression levels,
and adverse childhood events in foster groups
stratified by BISQ scores
Based on the General Information Questionnaire, the
prevalence of TBI within the foster population was
65%. Similarly, the BISQ scores indicated that 62% of
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the foster population had a significant probability of
TBI (numbers are not identical due to the reduced sam-
ple of participants who completed the questionnaire).
The distribution of BISQ scores for the foster group
and control group is shown in Table 2.

As illustrated in Figure 2A and 2B, within the foster
group participants, when stratified by likelihood of ex-
periencing a TBI, a higher likelihood of TBI was asso-
ciated with higher DAST score, AUDIT score, ACE
Questionnaire score, and BPAQ total and subsection

Table 1. Demographic Characteristics of Individuals with Foster Care History and Controls (n = 74)

Foster participants (n = 51)
N (%)

Control participants (n = 23)
N (%) P

Age (years) 0.927
16–18 11 (0.22) 6 (0.26)
19–22 19 (0.37) 7 (0.30)
23–26 17 (0.33) 9 (0.39)
27–30 4 (0.08) 1 (0.04)

Sex 0.080
Male 30 (0.59) 8 (0.35)
Female 21(0.41) 15 (0.65)

Education <0.001
Junior high school or less 13 (0.25) 3 (0.13)
Some high school 1 (0.02) 0 (0.00)
High school/GED 30 (0.59) 5 (0.22)
Some college 4 (0.08) 1 (0.03)
College 1 (0.02) 1 (0.04)
Some university 0 (0.00) 6 (0.26)
Bachelor’s degree 1 (0.02) 5 (0.22)
Some graduate classes 1 (0.02) 2 (0.09)

Gross income <0.0001
Less than $10,000 22 (0.43) 2 (0.09)
$10 000–$20,000 13 (0.25) 2 (0.09)
$20 000–$40,000 6 (0.12) 6 (0.26)
$40 000–$60,000 0 (0.00) 3 (0.13)
$60 000–$100,000 0 (0.00) 3 (0.13)
More than $100,000 0 (0.00) 3 (0.13)
Declined to answer 10 (0.20) 4 (0.17)

TBI history
TBI 33 (0.65) 0 (0.00)
No TBI 18 (0.35) 23 (1.00)

Ethnicity <0.0001
White, Caucasian 24 (0.47) 4 (0.17)
Asian, Asian-Canadian 3 (0.06) 11 (0.48)
Black, African, African-American 5 (0.1) 1 (0.04)
Hispanic, Latino, Latina 1 (0.02) 3 (0.13)
Caucasian 5 (0.10) 1 (0.04)
Native American 6 (0.12) 0 (0.00)
Other 2 (0.04) 1 (0.04)
Declined to answer 5 (0.10) 0 (0.00)
Missing data 0 (0.00) 2 (0.09)

Psychiatric disorder 0.090
Yes 10 (0.20) 1 (0.04)
No 35 (0.69) 20 (0.87)
Missing data 6 (0.12) 2 (0.09)

Length of foster care
Less than 1 year 3 (0.06) Not applicable
1 to 5 years 13 (0.25)
5 to 10 years 13 (0.25)
10 or more years 4 (0.08)
Declined to answer 18 (0.35)

TBI, traumatic brain injury.
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scores. Further, it was found that foster participants
with a moderate and high likelihood of TBI exposure
also had significantly higher DAST scores ( p = 0.008;
Fig. 2A) as well as higher BPAQ total ( p = 0.006), phys-
ical ( p = 0.018), verbal ( p = 0.044), anger ( p = 0.029),
and hostility scores ( p = 0.032) than foster participants
with a lower probability of TBI exposure (Fig. 2B). In
terms of AUDIT and ACE Questionnaire scores, no
significant difference was found between participants
with a moderate and high likelihood of TBI exposure

FIG. 1. (A) DAST, AUDIT, and ACE scores in foster and control groups. (B) BPAQ total and subsection
scores in foster and control groups. **indicates significance of p < 0.05; ***indicates significance of p < 0.001.
ACE, Adverse Childhood Experiences Questionnaire; AUDIT, Alcohol Use Disorders Identification Test; BPAQ,
Buss Perry Aggression Questionnaire; DAST, Drug Abuse Screening Test.

Table 2. Distribution of BISQ Scores for the Foster
and Control Groups (n = 56)

BISQ score
Foster (n = 47)

N (%)
Control (n = 9)

N (%)

0 18 (0.38) 7 (0.78)
1 16 (0.34) 2 (0.22)
2 9 (0.19) 0 (0.00)
3 4 (0.09) 0 (0.00)

BISQ, Brain Injury Screening Questionnaire.
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compared with those with no TBI exposure ( p = 0.262
and p = 0.085, respectively; Fig. 2A).

Interaction of studied variables
Figure 3 presents a complex web of association between
the studied variables. Foster care history was correlated

with higher levels of drug use, physical aggression, hos-
tility, and childhood abuse. Drug use was correlated
with a greater probability of TBI exposure, verbal ag-
gression, hostility, alcohol use, and childhood abuse.
Alcohol use was additionally correlated with childhood
abuse. Strong correlations, as shown by thicker edges,

FIG. 2. (A) DAST, AUDIT, and ACE score within the foster group, stratified by BISQ scores. (B) BPAQ total
and subsection scores within foster group, stratified by BISQ scores. **indicates significance of p < 0.05. ACE,
Adverse Childhood Experiences Questionnaire; AUDIT, Alcohol Use Disorders Identification Test; BISQ, Brain
Injury Screening Questionnaire; BPAQ, Buss Perry Aggression Questionnaire; DAST, Drug Abuse Screening
Test.
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were observed between the different types of aggression
(physical, verbal, anger, and hostility), foster history
with drug use, foster history with childhood abuse,
and amygdala volume with hippocampus volume.
ROI volumes were not connected with questionnaire
scores, suggesting a very weak or non-existent relation-
ship between brain volumes and drug use, alcohol use,
ACEs, and aggression.

We used a linear regression model to find significant
predictors of elevated aggression levels. Variables in-
cluded in the model were likelihood of TBI, age, gen-
der, alcohol use, drug abuse, and normalized brain
regions of the hippocampus, amygdala, and cortex.
No significant associations were found.

Discussion
High prevalence of TBI, drug abuse, alcohol use,
adverse childhood events, and elevated
aggression levels in foster participants
Our study found that 65% of the foster participants
reported a history of TBI, which is much higher than
the 5–38% prevalence found in the general popula-
tion.30 Additionally, compared with their control
group counterparts, foster participants had a higher
prevalence of substance use disorders, alcohol use dis-
orders, ACEs, and higher levels of aggression. Given
the increased occurrence of negative health outcomes

experienced by individuals within the foster care sys-
tem, these findings highlight the need for additional
support services for this vulnerable population.

The results of our study are consistent with other
studies that reveal a higher prevalence of TBI in foster
populations than in the general population.5,7 How-
ever, the TBI prevalence of 65% found in our study is
noticeably higher than the 43% found in a study con-
ducted by Mackelprang and colleagues.5 It is possible
that this discrepancy is attributable to the different
sample population, as Mackelprang and colleagues in-
cluded former foster children as well as the homeless.
As well, the higher prevalence of problematic drug
and alcohol use in the foster population compared
with the general population found in our study is con-
sistent with literature.31,32 However, our control group
had a much lower prevalence of drug and alcohol use
than those illustrated in previous studies of the general
population. This may be attributed to the different
methods used to measure the outcome of interest.
Moreover, our results support the findings of existing
research that suggest that foster children experience
more abuse, both physical and sexual, and maltreat-
ment than the general population, much of which
often occurs during their developmental years.33,34

It is often debated whether genetics (nature) or envi-
ronment (nurture) plays a more prominent role in

FIG. 3. Network analysis that visualizes the relationship between the studied variables. The nodes
represent questionnaire scores, foster history, and brain volume, whereas the thickness of the edges
represent strength of association. All edges have a Pearson’s coefficient of greater than 0.4. ACE, Adverse
Childhood Experiences; AUDIT, Alcohol Use Disorders Identification Test; BISQ, Brain Injury Screening
Questionnaire; BPAQ, Buss Perry Aggression Questionnaire; DAST, Drug Abuse Screening Test.
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childhood development of foster children. We believe
that both nature and nurture are important. Our
study showed higher associations of TBI, substance/
alcohol use disorders, and aggression in foster children
than controls, and supports prior research showing
that foster care children report a higher level of child-
hood abuse compared with the general population.8

Although some might argue that this suggests that
the environment (nurture) plays a larger role than ge-
netics in the life trajectory of foster children, our work
has not explicitly explored the role of genetics. How-
ever, recently, a study found that animals raised in abu-
sive environments have epigenetic changes that can be
passed from one generation to the next.35 We believe
that a commonality linking adverse events and risky
health behaviors such as alcohol and substance use is
the frequent occurrence of adverse early childhood
events. In fact, other data from the present study (un-
published) derived from transcripts of life experiences
of these individuals indicates that adverse experiences
are often sustained at the hands of family members.

Early life exposure to adverse childhood experiences
such as trauma, abuse, or maltreatment has been linked
to developmental delays and mental health problems.34

Childhood neglect and abuse is also one of the most
prominent predisposing factors to TBI36 as it can
lead to increased risk of sustaining injuries or experi-
encing the persistent lingering effects of TBI. Individu-
als who sustained a TBI also report greater functional
restrictions and disabilities compared with controls,37

which can possibly also contribute to stress and risk
of further injury. Due to adverse experiences in their
youth, foster children may also be more prone to use
drugs as a coping mechanism, or may even be exposed
to contexts where drugs are prevalent. Existing litera-
ture has also demonstrated that childhood trauma is re-
lated to an earlier age of substance use disorders and
a greater number of years diagnosed with substance
use disorders.33 Additionally, it has been observed
that children with emotional difficulties and physical
abuse also present higher levels of aggression.14

There is little doubt that there is a very complex web
of interaction between TBI, childhood abuse, substance
abuse, and aggression within the foster population. Our
findings suggest that adverse early experiences play a
critical role in these interactions and the development
of later adverse health and social outcomes. To us,
this suggests that these events adversely influence
brain development at critical times, influence the resil-
ience of individuals over time, and can subject individ-

uals to risky environments where they are at risk for
future neurological, physical, mental, and social injury.

Neurological imaging
The neuroimaging analysis demonstrated no signifi-
cant difference between the amygdala, hippocampus,
and cortex volumes between the foster and control
groups. In the existing literature, findings regarding
volumetric data between individuals with foster care
history and the general population are inconsistent.
One previous study showed no differences of amygdala
and hippocampal volume between previously institu-
tionalized children and a control group,38 whereas an-
other study reported smaller left hippocampal volume
and larger right amygdala volume in the previously in-
stitutionalized population.39 Possible explanations as to
why our study did not replicate previous findings may
include the limited sample size, the high prevalence
of psychiatric disorders (specifically depression), and
other differences between study groups. For example,
depression before the age of 18 has been found to be as-
sociated with decreased volume in the subgenual pre-
frontal cortex, and major depressive disorder has
been correlated with lower gray matter volume in the
cingulate gyrus.40 In our study, among the foster pop-
ulation, 20% reported having psychiatric disorders with
the most prevalent disorder being depression, poten-
tially affecting our observations.

Web of interaction between studied variables
Our study found that there is a complex web of inter-
action between foster care history, adverse early child-
hood events, drug use, alcohol use, aggression, and TBI.
However, unlike previous studies that have found an
association between TBI and increased physical and
verbal aggression,41 and a link between TBI history
and increased risk of offending behavior,12 none of
the variables in our analyses were singly responsible
for increased aggression levels. Our network analysis
clearly demonstrated a unique interplay of foster his-
tory and early childhood experiences, drug use, and
hostility. Although TBI is important, according to
our results, its role is less central to the interplay of out-
comes than these other variables. Our study did not
suggest an association between ROI and aggression lev-
els, but the literature proposes that such an association
may exist. Disruptions to neural circuits and injuries to
the amygdala, frontal cortex, and hippocampus may
cause mood changes due to biochemical changes.42

For example, an increase in dopamine and a decrease
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in serotonin levels is known to be associated with agi-
tation and aggression.43 Although research in this area
has yielded inconsistent results,42 our complex net-
works of interactions suggest that a change in neural
function, which in our results manifested by aggres-
sion, may play the key connector function between
this factor in this complex network.

Limitations
This study has several limitations. The small sample
size may increase susceptibility to outliers and reduces
the statistical power. Additionally, study participants
were only recruited from the Catholic Children’s Aid
Society, Yonge Street Mission, local high schools, and
referrals, which allows for potential selection and sam-
pling bias. Both of these issues may affect the reliability
and generalizability of our findings. Although age and
gender were similar between foster and control groups,
differences in education level, income level, and ethnic-
ity existed, which are factors that can influence the de-
gree of differences seen in drug and alcohol abuse
between foster children and controls.44 Thus, the dif-
ference observed between the two groups may, in
part, be due to confounding factors.

Another potential limitation is that data regarding
TBI history, drug use, alcohol use, and aggression
were self-reported and likely suffer from under- and
over-reporting as participants may have chosen to
downplay or exaggerate their experiences. As well,
the high prevalence of TBI in the foster group may
have led to their desire to join the study and obtain a
brain MRI. We also did not report on the age of TBI
occurrence and severity of TBI, which could have influ-
enced brain volume, because individuals who are older
and have suffered a more severe TBI will have reduced
gray matter and white matter volumes, respectively.45

Lastly, it is important to indicate that we have merely
reported associations. Further information on tempo-
rality of these associations and confounders is required
to determine causation.

Implications
Overall, our results suggest that foster children experi-
ence worse outcomes in a vast array of areas. As a re-
sult, improvements made to foster care programs that
help monitor physical and mental health in this popu-
lation, and educational programs that better inform
foster children of the risks of substance and alcohol
use, may play an important role in supporting this
population. Due to the complex interaction between

variables, single focused initiatives will be less effective
than multi-dimensional approaches. Currently, inter-
ventions generally focus on school performance, mental
health, or behavioral management.46–48 Interventions
should ideally also undergo rigorous randomized con-
trolled studies with larger sample sizes to evaluate the
effectiveness of these interventions. Interventions that
influence the occurrences of critical adverse early child-
hood events should be strongly considered in addition
to means to prevent and reduce the burden of physical
injury such as TBI in childhood, as well as other forms
of adverse events such as neglect and abuse. Addition-
ally, future improvements to foster care programs
should consider incorporating the role of family mem-
bers due to the possibility of foster children eventually
returning to their biological family.49

Future directions
Future studies should analyze the relationship between
the outcomes explored in this study with a larger sam-
ple size, account for more confounding factors, and
include an exploration of the temporal sequences of
events and the network of events we have identified.
Due to the inconsistency regarding volumetric find-
ings, more attention should be directed toward investi-
gating the relationship between foster care history and
the structure and function of different brain regions
such as the amygdala, hippocampus, and regions of
the cortex.

Conclusion
Individuals with foster care history experience a greater
number of adverse early childhood events, potentially
making them more susceptible to deleterious outcomes
including TBI, drug abuse, and alcohol use disorder,
and they have higher levels of aggression than the gen-
eral population. Among individuals exposed to foster
care, those with a higher probability of TBI have
worse outcomes. The culmination of these factors can
contribute to poorer health outcomes for this vulnera-
ble population.
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