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Abstract

Background: Childhood adversity is associated with the onset of harmful adult substance use and related health
problems, but most research on adversity has been conducted in general population samples. This study describes
the prevalence of adverse childhood experiences in a cohort of people who have injected drugs and examines the
association of these adverse experiences with medical comorbidities in adulthood.

Methods: Six hundred fifty three adults were recruited from a 30-year cohort study on the health of people who
have injected drugs living in and around Baltimore, Maryland (Median age =47.5, Interquartile Range =42.3—

52.3 years; 67.3% male, 81.1% Black). Adverse childhood experiences were assessed retrospectively in 2018 via self-
report interview. Lifetime medical comorbidities were ascertained via self-report of a provider diagnosis. Multinomial
logistic regression with generalized estimating equations was used to examine the association between adversity and
comorbid conditions, controlling for potential confounders.

Results: Two hundred twelve participants (32.9%) reported 0-1 adverse childhood experiences, 215 (33.3%) reported
2-4,145 (22.5%) reported 5-9, and 72 (11.1%) reported >10. Neighborhood violence was the most commonly
reported adversity (48.5%). Individuals with >10 adverse childhood experiences had higher odds for reporting >3
comorbidities (Adjusted Odds Ratio=2.9,95% Cl=1.2 - 6.8, p=.01).

Conclusions: Among people who have injected drugs, adverse childhood experiences were common and associ-
ated with increased occurrence of self-reported medical comorbidities. Findings highlight the persistent importance
of adversity for physical health even in a population where all members have used drugs and there is a high burden
of comorbidity.
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Background

Over the past three decades, adverse childhood experi-
ences — including exposure to maltreatment, household
dysfunction, or other forms of trauma in childhood
— have received growing attention from public health
professionals as major contributors to the burden of
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a wide range of mental, behavioral, and physical health
problems, including many of the leading causes of death
[2]. Subsequent research found that the type of health
problems most strongly and consistently linked to a his-
tory of childhood adversity are substance use problems
and substance use disorder, specifically opioid use dis-
order [3-6]. This association between childhood adver-
sity and harmful substance use is particularly relevant in
the United States, where there is an ongoing epidemic of
drug-related problems, driven largely by the misuse of
opioids [7].

Although adverse childhood experiences are a well-
established risk factor for the onset of adult opioid use,
other substance use disorders, and risky substance use
behaviors such as injecting drugs, most research on child-
hood adversity has been conducted in insured or general
population cohorts in which people with substance use
disorders may be underrepresented [3]. By contrast, to
our knowledge, no cohort studies have examined how
a history of adverse childhood experiences affects the
health of people who have injected drugs, specifically,
over the course of their lives, even though adverse child-
hood experiences are a well-known risk factor for initia-
tion of harmful drug use.

Of particular importance is understanding the associa-
tion of childhood adversity with chronic physical illness
among people who have injected drugs. Previous stud-
ies have demonstrated that mortality and morbidity are
higher among people who have injected drugs than in the
general population [8, 9], and that chronic-disease related
deaths are a substantive and increasing contributor to
overall mortality among people who use drugs, particu-
larly as HIV-related causes of death have declined [10].
However, although there is evidence from the general
population that cumulative adverse childhood experi-
ences are associated with increased odds for physical
health comorbidities (e.g., diabetes, coronary heart dis-
ease) [11, 12], it remains unclear whether adverse child-
hood experiences independently confer higher risk for
physical health comorbidities among people who use
drugs. This is because the strongest and most consistent
adult corollary of childhood adversity is harmful sub-
stance use [3]; To the extent that risk for physical illness
following childhood adversity may be mediated by initiat-
ing harmful substance use, it is unclear whether this asso-
ciation would persist in a population where all members
are already known to have initiated illicit drug use. Lastly,
it is important to adjust for other possible confounders
and/or mediators in the association between childhood
adversity and adult chronic disease. For example, soci-
odemographic factors like socioeconomic status, and
clinical characteristics such as HIV infection have been
implicated in associations with both adverse childhood
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experiences and adult chronic disease [13, 14]. Adjusting
for these additional factors can provide a clearer picture
of the independent association between adverse child-
hood experiences and comorbid conditions.

There were two objectives for the present study. The
first objective was to describe the prevalence of self-
reported adverse childhood experiences within a sam-
ple of adults in Baltimore, Maryland who have injected
drugs, and to compare them to the prevalence of adverse
childhood experiences in the community (i.e., Baltimore
City and the state of Maryland). The second objective
was to examine the association between adverse child-
hood experiences and chronic physical health comorbidi-
ties among this same group of individuals.

Methods

Study sample

Study participants were a subset of individuals from the
AIDS Linked to the Intravenous Experience (ALIVE)
study. Complete details of the ALIVE study, which began
recruitment in 1988, are described elsewhere [15]. Briefly,
the ALIVE study is an ongoing, community-based, pro-
spective cohort study of people who have a lifetime his-
tory of injection drug use, living in and around Baltimore,
Maryland. Approximately 2,600 adults were originally
recruited in 1988, and subsequent waves of recruitment
occurred in 1994-1995, 2005-2008, and 2015-2018.
Participants attend twice-annual study visits where they
complete a physical exam; complete a standardized
interviewer-administered and audio-computer assisted
surveys about drug use, related health-risk behaviors,
and physical and mental health outcomes; and provide a
blood sample for HIV, Hepatitis C (HCV) antibody test-
ing, and other biomarker measurements.

Detailed methods for the adverse childhood experi-
ences sub-study, data collection, and survey instruments
can be found in Additional file 1: Appendix A. All ALIVE
participants were eligible to participate in the adverse
childhood experiences sub-study if they attended a study
visit during the period of August 1% 2018 — December
31% 2019 and had attended at least one prior ALIVE
study visit. Of the 1,127 eligible participants, 735 were
recruited for this non-selective convenience sample. A
total of 653 participants from three separate recruitment
cohorts provided complete data on adverse childhood
experiences and were included in the present analysis (see
Additional file 1: Appendix B). We compared the analytic
sample (n=653) to those individuals missing any adverse
childhood experience data (m=69) on demographic
characteristics (i.e., age, sex, race [Black vs. white], past
six-month homelessness and income) and other study
characteristics (past six-month injection drug use, HCV
and HIV status, cohort group). Compared to those with
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complete data on adverse childhood experiences, there
was a higher percentage of participants who were HIV
positive among participants with missing data on child-
hood adversity, x* (1)=5.1, p=0.02. There were no
other differences between participants with and without
complete adversity data (see Additional file 1: Appendix
C). The Johns Hopkins University Institutional Review
Board has continuously approved the ALIVE study and
approved the protocol for this sub-study. All study pro-
tocol was conducted in accordance with Johns Hopkins
University Institutional Review Board’s standards and the
Declaration of Helsinki. All participants provide written
informed consent upon study entry and provided addi-
tional consent to participate in this sub-study.

Measures

ALIVE cohort participants are asked at each study visit
“Has a doctor or other health care provider ever said you
have [condition name].” All conditions assessed — which
included diabetes, hypertension, or cerebrovascular, car-
diovascular, renal, chronic lung, cancer, or liver disease
— were included in this analysis. One additional comor-
bidity — obesity (defined as a body mass index>30) —
was also calculated and included in this analysis based
on measurements taken during the study visit physical
exam. These conditions were selected based on known
associations with adverse childhood experiences (e.g.,
obesity) [16], prior comorbidity indices created in the
ALIVE cohort [17], and medical conditions included in
comorbidity burden indices (e.g., Charlson Comorbidity
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Index) [18]. Based on the distribution of comorbidities
in the study sample, scores were categorized into the
following groups: 0 comorbidities, 1-2 comorbidities,
and > 3 comorbidities (see Table 1). Within ALIVE, this
measure of comorbidity burden has been independently
associated with geriatric phenotypes, frailty transitions,
hospitalization, and mortality [17, 19, 20].

Participants’ childhood exposure to adversity was
assessed using a modified version of the adverse child-
hood experiences questionnaire (Additional file 1:
Appendix D) [21]. Briefly, the questionnaire included 21
questions assessing 14 adverse childhood experiences
occurring before the age of 18 years: physical and emo-
tional neglect, physical, emotional, and sexual abuse, loss
of a parent, domestic violence, parent substance abuse,
parent mental illness, incarceration of a household mem-
ber, bullying, social ostracization, neighborhood vio-
lence, and poverty. For adversities assessed with multiple
items, endorsing any one of those items was sufficient
to indicate the presence of that adversity. Scores were
summed and then categorized into the following groups:
0-1 adversities, 2—4 adversities, 5-9 adversities,> 10
adversities. These cut-offs were based on the distribution
of ACEs in the current sample. Specifically, “0-1 adver-
sities” was chosen as the reference category given the
large percentage of the sample that reported exposure to
at least one adverse childhood experience (~50%); other
categories were selected based on what we deemed to be
adequate group sizes that also reflected conceptually dif-
ferent adversity exposure groups.

Table 1 Baseline Characteristics of ALIVE Participants by their ACE Burden

ACE Category

Variable Overall 0-1 ACE (32.9%) 2-4 ACEs (33.3%) 5-9 ACEs (22.5%) >10 ACEs (11.1%)
Age: Median (IQR) 48 (42-52) 49 (43-53) 49 (43-53) 46 (41-51) 46 (40-52)
Sex: N (% male) 440 (67) 147 (69) 158(72) 98 (67) 37(51)
Race: N (% Black) 530(81) 185 (86) 180 (82) 109 (74) 56 (78)
HIV status (% positive) 140 (21) 47 (21) 43 (19) 33(22) 17 (23)
HCV status: N (% positive) 501 (77) 151 (71) 182 (83) 112 (76) 56 (78)
Current IDU: N (%) 401 (61) 127 (59) 128 (58) 95 (65) 51(71)
Homelessness: N (%) 64 (25) 40 (19) 51(23) 46 (31) 27 (38)
Income < $5,000: N (%) 504 (79) 164 (78) 167 (78) 112 (76) 61 (86)
Cohort 1:N (%) 252 (39) 88 (41) 92 (42) 51 (35) 21 (29)
Cohort 2:N (%) 73 (26) 58 (27) 52 (24) 44 (30) 19 (26)
Cohort 3:N (%) 228 (35) (32) 76 (35) 52 (35) 32 (44)

0 Comorbidities: N (%) 160 (25) 131 56 (35) 36 (22) 17(10)
1-2 Comorbidities: N (%) 358 (55) 123 (34) 116 (32) 82(22) 37(10)

>3 Comorbidities: N (%) 126 (20) 38 (30) 43 (34) 27 (21) 18 (14)

Race was coded as Black versus white. Cohort 1 =recruitment period before 2005; Cohort 2 =recruitment period 2005-2014; Cohort 3 =recruitment period

2015-2018. Values by ACE category reflect conditional probabilities

Note. N=653, IDU Injection drug use, HCV Hepatitis C serologic status, ACE Adverse childhood experience
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We also adjusted for several sociodemographic and
clinical characteristics that may confound (e.g., age, sex)
or mediate (e.g., HIV status, injection drug use) the asso-
ciation between childhood adversity and adult chronic
disease. Sociodemographic characteristics included
self-reported age, race (Black versus White), sex, cohort
group, past six-month income below $5,000 and past six-
month homelessness. Clinical characteristics included
self-reported HIV status, anti-HCV status (from anti-
body test), and past six-month injection drug use.

Statistical analysis

First, we described the prevalence of adverse childhood
experiences in the ALIVE cohort and compared these
data with data from Maryland adults (state-wide and in
Baltimore City) who participated in the 2018 Maryland
Behavioral Risk Factors Surveillance System (BRESS),
which contained an adverse childhood experiences
module [22]. We also examined the distribution and co-
occurrence (i.e., conditional probabilities) of adverse
childhood experiences in our sample. We then evaluated
the association between adverse childhood experiences
and comorbid conditions. During exploratory analysis,
we tested the crude association between adverse child-
hood experiences and medical comorbidities using an
ordinal logistic regression model with robust standard
errors. Since the data violated the proportional odds
assumption (x*(3) =40.23, p<0.001), multinomial logis-
tic regression with robust standard errors was selected
for final models. After a crude model (Model A) was
tested without adjustment for covariates, a second model
(Model B) was tested, adjusting for demographic char-
acteristics (i.e., age, race [Black vs. White], sex, cohort)
and socioeconomic indicators (i.e., income below $5,000/
year, past six-month homelessness). The third model
(Model C) additionally controlled for current anti-HCV
status and HIV status (yes/no), and past six-month injec-
tion drug use (yes/no). Analyses were organized in this
way to attempt to tease apart whether sociodemographic
or clinical characteristics were influencing the associa-
tion between childhood adversity and adult comorbid
conditions. Models will be referred to herein as Model A,
B, and C. Covariates in the adjusted model were selected
based on known associations with adverse childhood
experiences and the crude association with the out-
come. Lastly, a sensitivity analysis was conducted with all
recruited participants (n="722), with missing responses
for adverse childhood experience items recoded to O (i.e.,
no exposure). This approach was used since minimal
adversity data were missing (i.e.,<10% of the sample),
and when assuming a response of “yes” to the missing
adversity items, few participants (n=26) moved from on
adversity category to another based on our categorical
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coding strategy. All statistical tests used a p-value thresh-
old of 0.05. All analyses were conducted using Stata ver-
sion 15 [23].

Results

The analytic sample included 653 individuals (Median
age=47.5, Interquartile Range [IQR] =42.3-52.3 years;
67.3% male, 81.1% Black) with a history of injection
drug use. Participants had a median of 11.6 person-
years of follow-up (IQR=3.0-13.8, range=0-14.6).
Table 1 presents the baseline characteristics and
comorbidity burden of participants by the number
of adverse childhood experiences. Most participants
(55%) reported 1-2 comorbidities; 25% of participants
reported zero medical comorbidities and 20% reported
at least 3 medical comorbidities. The most common
comorbidity pattern in the sample is having no condi-
tions (33%). Among participants with exactly one condi-
tion, the most common condition is hypertension (15%
of the full sample). Among participants with exactly
two comorbidities, the most common unique condition
combination is hypertension and obesity (6%). Among
participants with three or more comorbidities, the most
common unique combination is hypertension, obesity,
and diabetes (3%). A detailed breakdown of the most
common, unique comorbidities in the sample can be
found in Additional file 1: Appendix F.

Participants reported a median of 3 adverse childhood
experiences (IQR=1-6, range =0-14); 212 Participants
(32.9%) reported 0-1 adverse childhood experience, 215
(33.3%) reported at 2—4, 145 (22.5%) reported 5-9, and
72 (11.1%) 10 or more. The most reported adverse child-
hood experience was growing up in a violent neighbor-
hood (48.5%), followed by living in poverty (39.5%),
having a household member with a substance use disor-
der (36.9%), and loss of a parent [due to divorce, aban-
donment, or some other reason] (34.7%). For every
source of adversity assessed that had a comparable meas-
ure in Maryland’s 2018 BRESS survey except one (emo-
tional abuse), self-reported adversity was more common
in the ALIVE cohort than among Maryland adults in Bal-
timore City and all adults state-wide (Table 2). The most
commonly co-occurring adverse childhood experiences
were poverty and neighborhood violence, with 29.4% of
participants who reported living in poverty also reported
growing up in a violent neighborhood (Table 3). Other
commonly co-occurring adverse childhood experiences
were neighborhood violence and household member
substance use disorder (24.5%), neighborhood violence
and loss of a parent (22.3%), social ostracization and
emotional neglect (21.7%), and poverty and household
member substance use disorder (21.4%).
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Table 2 Prevalence of Adverse Childhood Experiences in ALIVE
and Maryland Adults

Adversity ALIVE Baltimore City Maryland
Emotional Neglect 26.8% N/A N/A
Physical Neglect 133% N/A N/A
Loss of a Parent 347% N/A N/A
Domestic Violence in the Home 23.7% 20.5% 15.3%
Household Member Substance 369% 36.6% 24.8%
Use

Household Member Mental lliness  22.9% 22.3% 15.4%
Household Member Incarcerated ~ 264% 17.3% 8.0%
Bullying 20.5% N/A N/A
Social Ostracization 28.1% N/A N/A
Neighborhood Violence 48.5% N/A N/A
Poverty 39.5% N/A N/A
Emotional Abuse 21.2% 34.6% 34.0%
Physical Abuse 205% 15.5% 14.7%
Sexual Abuse 19.6% 14.4% 12.0%
Parent Divorce N/A 458% 29.1%

Note. N=653. "Loss of Parent" item in ALIVE questionnaire includes "divorce" as
part of the question. Maryland estimates are based on 2018 Maryland Behavioral
Risk Factor Surveillance System (BRFSS) ACE Module

Results for each of the models (i.e., A, B, and C) are
presented in Table 4. Results from Model A, which tested
the crude association between adverse childhood expe-
riences and comorbidity, demonstrated that individuals
who reported experiencing > 10 adverse childhood expe-
riences had higher odds of reporting at least three comor-
bid conditions (Odds Ratio [OR]=2.7; 95% CI=1.3
— 6.0; p=0.01). Similarly, results from Model B, which
adjusted for sociodemographic characteristics, revealed

Table 3 Co-Occurrence of Adverse Childhood Experiences in ALIVE
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that individuals who reported experiencing> 10 adverse
childhood experiences had higher odds of reporting at
least three comorbid conditions (Adjusted OR=2.7; 95%
CI=1.2 - 6.3; p=0.01). This effect persisted in Model
C, which additionally adjusted for HCV and HIV status
and past six-month injection drug use, where individu-
als who reported experiencing>10 adverse childhood
experiences had higher odds of reporting at least three
comorbid conditions (Adjusted OR=2.9; 95% CI=1.2
— 6.8; p=0.01). No other associations between adverse
childhood experiences and comorbidity burden were
statistically significant. Lastly, results of sensitivity anal-
ysis, where individuals with missing adversity data were
included by coding their missing responses to 0 (i.e., no
exposure; n=69), were qualitatively similar to the main
analysis (Additional file 1: Appendix F).

Discussion

Using data from a long-standing, well-characterized
cohort of people who have injected drugs, we demon-
strate that adverse childhood experiences are associated
with high burden of chronic physical health comorbidi-
ties. These findings are consistent with previous literature
that reporting more adverse childhood experiences is
associated with higher odds of risk behaviors and comor-
bid conditions including obesity, diabetes mellitus, heart
diseases, and disability [11, 12]. Importantly, our findings
show that this association persists even in a sample where
everyone is known to have used drugs and have a high
burden of chronic comorbidities [17]. Given the high
risk for comorbidity among drug-using populations, it is
not surprising that further risk for comorbidities is only
realized at high levels of exposure to adversity (i.e.,>10

Adversity 1 2 3 4 5 6 7 8 9 10 11 12 13

1. Emotional Neglect -

2. Physical Neglect 10.5 -

3. Loss of Parent 15.3 9.1 -

4. Domestic Violence 13.6 8.1 14.5 -

5. Parent Substance Use 16.6 11.0 19.1 17.7 -

6. Parent Mental lliness 15.0 8.2 13.0 122 16.2 -

7. Parent Incarcerated 94 59 12.5 8.8 144 8.5 -

8. Bullying 136 6.2 1.7 91 125 10.2 8.7 -

9. Social Ostracization 21.7 11.0 15.7 12.7 174 15.3 9.8 14.0 -

10. Neighborhood Violence 16.5 9.9 223 16.2 245 14.8 19.9 13.1 17.9 -

11. Poverty 16.3 10.7 214 16.3 214 14.7 15.6 13.1 17.7 294 -

12. Emotional Abuse 15.0 8.8 12.5 124 15.7 13.0 7.5 10.2 153 14.7 13.0 -

13. Physical Abuse 139 7.9 1.1 1.3 14.5 1.4 6.7 94 14.2 14.0 12.7 16.5 -
14. Sexual Abuse 11.0 6.5 11.0 104 13.0 11.0 8.2 7.2 12.1 12.7 12.5 1.1 113

Note. N=653. Values in cells are percentages reflecting conditional probabilities. Boldface indicates percentage over 20%
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Table 4 Comorbidity Burden and Adverse Childhood Experiences in ALIVE (N=653)
Outcomes Exposure Model A Model B® Model C°
Comorbidity Groups ACEs OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value
0 comorbid conditions (ref) - - - - - - -
1-2 comorbid conditions 0to 1 ACEs ref - ref - -
2to4 ACEs 08(06-1.2) 48 09(06-13) 73 0.9(06-1.3) 75
510 9 ACEs 09(0.6-1.4) 90 1.1(0.7-16) .55 1.1(0.7-16) 52
> 10 ACEs 1.1(06-19) 68 1.0(06-19) 75 1.1(06-19) 70
> 3 comorbid conditions 0to 1 ACEs ref - ref - ref -
2to4 ACEs 1.0(0.6-1.8) 74 12(0.7-2.1) 45 12(0.7-22) 42
5109 ACEs 12(0.7-23) 40 1.7(09-33) .09 1.8(09-34) 07
>10 ACEs 2.7(1.3-6.0) 01 27(1.2-63) 01 29(1.2-6.8) 01

Note. ACEs Adverse childhood experiences, OR Odds Ratio, C/ Confidence Interval

@ Estimates adjusted for age, race, sex, cohort, and past six-month income and homelessness

b Estimates additionally adjusted for HIV and anti-HCV status, and past six-month injection drug use. Estimates are based on the use of robust standard errors

adverse childhood experiences). Nonetheless, nearly
10% of our sample endorsed at least 10 adverse child-
hood experiences. This suggests that exposure to child-
hood adversity further drives the risk of high comorbidity
burden in this population. Moreover, the association we
observed between high adverse childhood experiences
and high physical comorbidity persists even after con-
trolling for HIV and HCV status, and injection drug
use. This suggests that other factors, in addition to these
infectious and behavioral risks, mediate the association
of childhood adversity with comorbid chronic disease in
people who have injected drugs. Future research should
explore mechanisms through which childhood adversity
contributes to the burden of comorbidity.

As expected, adverse childhood experiences were com-
mon among people have injected drugs in Baltimore city.
This is consistent with prior literature on the associa-
tion between adverse childhood experiences and harm-
ful substance use [3]. Even after excluding those adverse
childhood experiences not assessed in the BRESS,
approximately seven out of 10 ALIVE participants
reported experiencing at least one adverse childhood
experience, demonstrating a high burden of adversity
among persons who have injected drugs. Notably, neigh-
borhood violence and poverty were cited as the most
prevalent adverse childhood experiences, as well as the
adverse childhood experiences that were most often co-
occurring in the present sample. Although not included
in the BRFSS adverse childhood experiences module,
research evidence demonstrates that various indicators
of poverty (e.g., parent income and education status,
monetary resources) and neighborhood violence should
be included in adverse childhood experience assess-
ments [24, 25]. Given the high rates of endorsement for
these two experiences in our sample, exclusion of these

experiences may underestimate risk among similar popu-
lations with high health-risk behaviors.

Our data also replicate an important pattern seen in
recent research investigations: certain adverse child-
hood experiences are more likely to co-occur than oth-
ers [26-28]. Specifically, we found that neighborhood
violence and poverty often co-occurred with experiences
of losing a parent and living with someone who has a
substance use disorder. These data highlight the impor-
tance of understanding the pattern of adversity experi-
enced within and across populations. An important next
step in this area would be to explore pathways linking
adversity — both individual events and constellations of
experiences — to harmful substance use (e.g., injection
drug use). This work will clarify if the patterns of adver-
sity noted in our sample place individuals at unique
risk for injection drug use, harmful substance use more
broadly, or a general high-risk phenotype. Similarly, it
will be important to identify patterns of adversity expo-
sure among other drug-using populations, and whether
certain constellations of adverse childhood experiences
are associated with specific drug use patterns (e.g., opioid
use, polysubstance use).

Limitations

Results from this study should be considered in the
context of several limitations. First, the sample is com-
prised of a mostly male, mostly Black, urban, east-coast
cohort, many of whom came of age during the peak of
the HIV epidemic. Thus, this could limit the generaliz-
ability of the current findings. ALIVE participants are
also unique in that they were recruited because they
had a history of injecting drugs. Injection drug use
may be a marker for severity of drug-related problems;
different effects of adversity might be observed in the
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broader cohort of adults who use heroin or cocaine but
have never injected. Third, adverse childhood experi-
ences were assessed retrospectively. Although there is a
temporal sequence from childhood adversity to chronic
conditions developed later in life, recall bias might dif-
ferentially impact different age groups and differen-
tially impact associations between adverse childhood
experiences and comorbidity burden. We also did not
adjust for all possible confounders in the association
between childhood adversity and comorbid conditions.
Other social determinants of health, such as food inse-
curity, diet, housing, and transportation insecurity are
associated with exposure to adversity and health and
may influence this association. Finally, the Maryland
state law requirement that we report items indicating
a history of child abuse to the Baltimore Department of
Social Services — and the need to notify participants of
that requirement — may have led to an undercount of
the number of participants who experienced childhood
abuse (see Additional file 1: Appendix A). However, the
number of participants who declined to respond to the
childhood abuse questions was limited (n=13), and
characteristics of participants with and without the missing
data on childhood abuse questionnaire were similar.

Conclusions

To our knowledge, this is the first study to assess adverse
childhood experiences and its association with comor-
bidity burden in a population of people who have
injected drugs. The burden of adverse childhood expe-
riences was high, with neighborhood violence, living in
poverty, and having a parent who abused substances as
common experiences for these individuals. Results high-
light the importance of examining the constellation of
adverse childhood experiences (in addition to individual
experiences) in populations with high-risk behaviors.
Moreover, at high levels of exposure to adverse child-
hood experiences, there was increased odds for numer-
ous comorbid conditions; this is notable because here
this association occurred even in a population where all
adults have injected drugs, so initiation of drug use likely
does not fully mediate this association. Future research
should explore how adverse childhood experiences influ-
ence high-risk behaviors (i.e., drug use trajectories), risk
for individual comorbid conditions, and the underlying
mechanisms linking adverse childhood experiences with
chronic diseases to identify modifiable factors that pro-
mote resilience within this population.
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