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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% CI = 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 
chronic disease [1]. Seminal research in 1998 established 
that adverse childhood experiences are a risk factor for 
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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 

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  1st 2018 – December 
 31st 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 (n = 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, χ2 (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 

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

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

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 (%) 164 (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 (%) 173 (26) 58 (27) 52 (24) 44 (30) 19 (26)

Cohort 3: N (%) 228 (35) 68 (32) 76 (35) 52 (35) 32 (44)

0 Comorbidities: N (%) 160 (25) 51 (31) 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)
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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 (BRFSS), 
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 (χ2(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 0 (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 

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 BRFSS 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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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 

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 

Table 2 Prevalence of Adverse Childhood Experiences in ALIVE 
and Maryland Adults

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

Adversity ALIVE Baltimore City Maryland

Emotional Neglect 26.8% N/A N/A

Physical Neglect 13.3% N/A N/A

Loss of a Parent 34.7% N/A N/A

Domestic Violence in the Home 23.7% 20.5% 15.3%

Household Member Substance 
Use

36.9% 36.6% 24.8%

Household Member Mental Illness 22.9% 22.3% 15.4%

Household Member Incarcerated 26.4% 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 20.5% 15.5% 14.7%

Sexual Abuse 19.6% 14.4% 12.0%

Parent Divorce N/A 45.8% 29.1%

Table 3 Co-Occurrence of Adverse Childhood Experiences in ALIVE

Note. N = 653. Values in cells are percentages reflecting conditional probabilities. Boldface indicates percentage over 20%

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 Illness 15.0 8.2 13.0 12.2 16.2 -

7. Parent Incarcerated 9.4 5.9 12.5 8.8 14.4 8.5 -

8. Bullying 13.6 6.2 11.7 9.1 12.5 10.2 8.7 -

9. Social Ostracization 21.7 11.0 15.7 12.7 17.4 15.3 9.8 14.0 -

10. Neighborhood Violence 16.5 9.9 22.3 16.2 24.5 14.8 19.9 13.1 17.9 -

11. Poverty 16.3 10.7 21.4 16.3 21.4 14.7 15.6 13.1 17.7 29.4 -

12. Emotional Abuse 15.0 8.8 12.5 12.4 15.7 13.0 7.5 10.2 15.3 14.7 13.0 -

13. Physical Abuse 13.9 7.9 11.1 11.3 14.5 11.4 6.7 9.4 14.2 14.0 12.7 16.5 -

14. Sexual Abuse 11.0 6.5 11.0 10.4 13.0 11.0 8.2 7.2 12.1 12.7 12.5 11.1 11.3
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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 BRFSS, 
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 

Table 4 Comorbidity Burden and Adverse Childhood Experiences in ALIVE (N = 653)

Note. ACEs Adverse childhood experiences, OR Odds Ratio, CI Confidence Interval
a  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

Outcomes Exposure Model A Model  Ba Model  Cb

Comorbidity Groups ACEs OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

0 comorbid conditions (ref.) - - - - - - -

1–2 comorbid conditions 0 to 1 ACEs ref - ref - - -

2 to 4 ACEs 0.8 (0.6 – 1.2) .48 0.9 (0.6 – 1.3) .73 0.9 (0.6 – 1.3) .75

5 to 9 ACEs 0.9 (0.6 – 1.4) .90 1.1 (0.7 – 1.6) .55 1.1 (0.7 – 1.6) .52

 ≥ 10 ACEs 1.1 (0.6 – 1.9) .68 1.0 (0.6 – 1.9) .75 1.1 (0.6 – 1.9) .70

 ≥ 3 comorbid conditions 0 to 1 ACEs ref - ref - ref -

2 to 4 ACEs 1.0 (0.6 – 1.8) .74 1.2 (0.7 – 2.1) .45 1.2 (0.7 – 2.2) .42

5 to 9 ACEs 1.2 (0.7 – 2.3) .40 1.7 (0.9 – 3.3) .09 1.8 (0.9 – 3.4) .07

 ≥ 10 ACEs 2.7 (1.3 – 6.0) .01 2.7 (1.2 – 6.3) .01 2.9 (1.2 – 6.8) .01
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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.

Abbreviations
ALIVE: AIDS Linked to the Intravenous Experience; BRFSS: Behavioral Risk Fac-
tors Surveillance System; HCV: Hepatitis C serologic status; IQR: Interquartile 
Range; OR: Odds Ratio.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 022- 13369-5.

Additional file 1. 

Acknowledgements
The authors would like to thank the ALIVE study participants and ALIVE study 
staff for their significant contributions to this work.

Authors’ contributions
Drs. Feder and Sun conceptualized and designed the study and questionnaire. 
Drs. Letourneau, Musci, and Mojtabai assisted in study design as members of 
Dr. Feder’s dissertation committee. Dr. Genberg supervised data collection. Ms. 
Astemborski conducted the data analysis, with input from Drs. Sosnowski and Sun. 
Drs. Sosnowski, Sun, and Feder drafted the initial manuscript. Drs. Mehta and Kirk 
are PIs of the ALIVE study. All co-authors reviewed data collection protocols and 
reviewed and substantially revised this manuscript. All authors approved the final 
manuscript as submitted and agree to be accountable for all aspects of the work.

Funding
The ALIVE study was funded by National Institutes on Drug Abuse (NIDA): 
DA036297 and DA048063. Dr. Feder was supported by a NIDA National 
Research and Service Award (NRSA) (F31DA044699). Dr. Sosnowski was 
supported by a NIDA Award (R01DA047064; PI: Brion S. Maher). The research 
presented in this paper is that of the authors and does not reflect the official 
policy of the National Institutes of Health (NIH).

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due to reasons of sensitivity but are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Johns Hopkins University Institutional Review Board has continuously 
approved the ALIVE study and approved the protocol for this sub-study. The 
study was conducted in accordance with the university’s institutional review 
board’s standards and the Declaration of Helsinki. All participants provide 
written informed consent upon study entry and provided additional consent 
to participate in this sub-study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Mental Health, Bloomberg School of Public Health, Johns 
Hopkins University, Baltimore, MD, USA. 2 Department of Epidemiology, 
Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD, 
USA. 3 Johns Hopkins University School of Medicine, Baltimore, MD, USA. 

Received: 10 December 2021   Accepted: 20 April 2022

https://doi.org/10.1186/s12889-022-13369-5
https://doi.org/10.1186/s12889-022-13369-5


Page 8 of 8Sosnowski et al. BMC Public Health          (2022) 22:986 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
 1. Centers for Disease Control and Prevention. Adverse Childhood Experi-

ences. Published 2021. Accessed 3 Aug 2021. https:// www. cdc. gov/ 
viole ncepr event ion/ aces/ about. html? CDC_ AA_ refVal= https% 3A% 2F% 
2Fwww. cdc. gov% 2Fvio lence preve ntion% 2Face study% 2Fabo ut. html

 2. Felitti VJ, Anda RF, Nordenberg D, et al. Relationship of childhood abuse 
and household dysfunction to many of the leading causes of death in 
adults: the adverse childhood experiences (ACE) study. Am J Prev Med. 
1998;14(4):245–58. https:// doi. org/ 10. 1016/ S0749- 3797(98) 00017-8.

 3. Hughes K, Bellis MA, Hardcastle KA, et al. The effect of multiple adverse 
childhood experiences on health: a systematic review and meta-analysis. 
Lancet Public Heal. 2017;2(8):e356–66. https:// doi. org/ 10. 1016/ S2468- 
2667(17) 30118-4.

 4. Conroy E, Degenhardt L, Mattick RP, Nelson EC. Child maltreatment as a 
risk factor for opioid dependence: comparison of family characteristics 
and type and severity of child maltreatment with a matched control 
group. Child Abus Negl. 2009;33(6):343–52. https:// doi. org/ 10. 1016/j. 
chiabu. 2008. 09. 009.

 5. Naqavi MR, Mohammadi M, Salari V, Nakhaee N. The Relationship 
between childhood maltreatment and opiate dependency in adoles-
cence and middle age. Addict Heal. 3(3–4):92–98. Accessed 14, July 
2021. http:// www. ncbi. nlm. nih. gov/ pubmed/ 24494 122% 0A. http:// www. 
pubme dcent ral. nih. gov/ artic leren der. fcgi? artid= PMC39 05531

 6. Dube SR, Felitti VJ, Dong M, Chapman DP, Giles WH, Anda RF. Childhood 
abuse, neglect, and household dysfunction and the risk of illicit drug use: 
The adverse childhood experiences study. Pediatrics. 2003;111(3):564–72. 
https:// doi. org/ 10. 1542/ peds. 111.3. 564.

 7. Opioid Overdose Crisis | National Institute on Drug Abuse (NIDA). 
Accessed 21 Sept 2021. https:// www. druga buse. gov/ drug- topics/ opioi 
ds/ opioid- overd ose- crisis

 8. Mathers BM, Degenhardt L, Bucello C, Lemon J, Wiessing L, Hickman M. 
Mortality among people who inject drugs: a systematic review and meta-
analysis. Bull World Health Organ. 2013;91(2):102–23. https:// doi. org/ 10. 
2471/ BLT. 12. 108282.

 9. Nambiar D, Weir A, Aspinall EJ, et al. Mortality and cause of death in a 
cohort of people who had ever injected drugs in Glasgow: 1982–2012. 
Drug Alcohol Depend. 2015;147:215–21. https:// doi. org/ 10. 1016/j. druga 
lcdep. 2014. 11. 008.

 10. Sun J, Mehta SH, Astemborski J, et al. Mortality among persons who inject 
drugs: a prospective cohort followed over three decades in Baltimore, 
Maryland, USA. Addiction. Published online August 2, 2021:add.15659. 
doi:https:// doi. org/ 10. 1111/ ADD. 15659

 11. Anda RF, Felitti VJ, Bremner JD, et al. The enduring effects of abuse and 
related adverse experiences in childhood: a convergence of evidence 
from neurobiology and epidemiology. Eur Arch Psychiatry Clin Neurosci. 
2006;256(3):174–86. https:// doi. org/ 10. 1007/ s00406- 005- 0624-4.

 12. Campbell JA, Walker RJ, Egede LE. Associations between adverse child-
hood experiences, high-risk behaviors, and morbidity in adulthood. Am J 
Prev Med. 2016;50(3):344–52. https:// doi. org/ 10. 1016/j. amepre. 2015. 07. 022.

 13. Bellis MA, Lowey H, Leckenby N, Hughes K, Harrison D. Adverse childhood 
experiences: retrospective study to determine their impact on adult 
health behaviours and health outcomes in a UK population. J Public Heal 
(United Kingdom). 2014;36(1):81–91. https:// doi. org/ 10. 1093/ pubmed/ 
fdt038.

 14. Yang HY, Beymer MR, Suen SC. Chronic disease onset among people liv-
ing with HIV and AIDS in a large private insurance claims dataset. Sci Rep. 
2019;9(1). doi:https:// doi. org/ 10. 1038/ s41598- 019- 54969-3

 15. Vlahov D, Anthony JC, Muñoz A, et al. The Alive Study: a longitudinal 
study of HIV-1 infection in intravenous drug users: description of meth-
ods. J Drug Issues. 1991;21(4):759–76. https:// doi. org/ 10. 1177/ 00220 
42691 02100 406.

 16. Wiss DA, Brewerton TD. Adverse childhood experiences and adult obe-
sity: a systematic review of plausible mechanisms and meta-analysis of 
cross-sectional studies. Physiol Behav. 2019;2020(223):112964. https:// doi. 
org/ 10. 1016/j. physb eh. 2020. 112964.

 17. Piggott DA, Bandeen-Roche K, Mehta SH, et al. Frailty transitions, inflam-
mation, and mortality among persons aging with HIV infection and 
injection drug use. AIDS. 2020;34(8):1217–25. https:// doi. org/ 10. 1097/ 
QAD. 00000 00000 002527.

 18. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development 
and validation. J Chronic Dis. 1987;40(5):373–83. https:// doi. org/ 10. 1016/ 
0021- 9681(87) 90171-8.

 19. Piggott DA, Muzaale AD, Varadhan R, et al. Frailty and cause-specific hos-
pitalization among persons aging with HIV infection and injection drug 
use. Journals Gerontol - Ser A Biol Sci Med Sci. 2017;72(3):389–94. https:// 
doi. org/ 10. 1093/ gerona/ glw142.

 20. Piggott DA, Muzaale AD, Mehta SH, et al. Frailty, HIV infection, and 
mortality in an aging cohort of injection drug users. PLoS One. 2013;8(1). 
doi:https:// doi. org/ 10. 1371/ journ al. pone. 00549 10

 21. Finkelhor D, Shattuck A, Turner H, Hamby S. A revised inventory of 
adverse childhood experiences. Child Abus Negl. 2015;48:13–21. https:// 
doi. org/ 10. 1016/j. chiabu. 2015. 07. 011.

 22. Maryland Behavioral Risk Factor Surveillance System. Adverse Childhood 
Experiences (ACEs) in Maryland: Data from the 2018 Maryland BRFSS.; 
2020. Accessed 27 July 2021. http:// phpa. dhmh. maryl and. gov/ ccdpc/ 
Repor ts/ Pages/ brfss. aspx

 23. Stata Statistical Software: Release 17. Published online 2021.
 24. Finkelhor D, Shattuck A, Turner H, Hamby S. A revised inventory of 

adverse childhood experiences. Child Abus Negl. 2015;48:13–21. https:// 
doi. org/ 10. 1016/j. chiabu. 2015. 07. 011.

 25. Wade R, Shea JA, Rubin D, Wood J. Adverse childhood experiences of 
low-income urban youth. Pediatrics. 2014;134(1):e13–20. https:// doi. org/ 
10. 1542/ peds. 2013- 2475.

 26. Woerner J, Overstreet C, Amstadter AB, Sartor CE. Profiles of psychosocial 
adversity and their associations with health risk behaviors and mental 
health outcomes in young adults. J Health Psychol. 2020;25(12):1882–93. 
https:// doi. org/ 10. 1177/ 13591 05318 780504.

 27. Barboza GE. Latent classes and cumulative impacts of adverse childhood 
experiences. Child Maltreat. 2018;23(2):111–25. https:// doi. org/ 10. 1177/ 
10775 59517 736628.

 28. Shin SH, McDonald SE, Conley D. Profiles of adverse childhood experi-
ences and impulsivity. Child Abuse Negl. 2018;85:118–26. https:// doi. org/ 
10. 1016/J. CHIABU. 2018. 07. 028.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.cdc.gov/violenceprevention/aces/about.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fviolenceprevention%2Facestudy%2Fabout.html
https://www.cdc.gov/violenceprevention/aces/about.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fviolenceprevention%2Facestudy%2Fabout.html
https://www.cdc.gov/violenceprevention/aces/about.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fviolenceprevention%2Facestudy%2Fabout.html
https://doi.org/10.1016/S0749-3797(98)00017-8
https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.1016/j.chiabu.2008.09.009
https://doi.org/10.1016/j.chiabu.2008.09.009
http://www.ncbi.nlm.nih.gov/pubmed/24494122%0A
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3905531
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3905531
https://doi.org/10.1542/peds.111.3.564
https://www.drugabuse.gov/drug-topics/opioids/opioid-overdose-crisis
https://www.drugabuse.gov/drug-topics/opioids/opioid-overdose-crisis
https://doi.org/10.2471/BLT.12.108282
https://doi.org/10.2471/BLT.12.108282
https://doi.org/10.1016/j.drugalcdep.2014.11.008
https://doi.org/10.1016/j.drugalcdep.2014.11.008
https://doi.org/10.1111/ADD.15659
https://doi.org/10.1007/s00406-005-0624-4
https://doi.org/10.1016/j.amepre.2015.07.022
https://doi.org/10.1093/pubmed/fdt038
https://doi.org/10.1093/pubmed/fdt038
https://doi.org/10.1038/s41598-019-54969-3
https://doi.org/10.1177/002204269102100406
https://doi.org/10.1177/002204269102100406
https://doi.org/10.1016/j.physbeh.2020.112964
https://doi.org/10.1016/j.physbeh.2020.112964
https://doi.org/10.1097/QAD.0000000000002527
https://doi.org/10.1097/QAD.0000000000002527
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1093/gerona/glw142
https://doi.org/10.1093/gerona/glw142
https://doi.org/10.1371/journal.pone.0054910
https://doi.org/10.1016/j.chiabu.2015.07.011
https://doi.org/10.1016/j.chiabu.2015.07.011
http://phpa.dhmh.maryland.gov/ccdpc/Reports/Pages/brfss.aspx
http://phpa.dhmh.maryland.gov/ccdpc/Reports/Pages/brfss.aspx
https://doi.org/10.1016/j.chiabu.2015.07.011
https://doi.org/10.1016/j.chiabu.2015.07.011
https://doi.org/10.1542/peds.2013-2475
https://doi.org/10.1542/peds.2013-2475
https://doi.org/10.1177/1359105318780504
https://doi.org/10.1177/1077559517736628
https://doi.org/10.1177/1077559517736628
https://doi.org/10.1016/J.CHIABU.2018.07.028
https://doi.org/10.1016/J.CHIABU.2018.07.028

	Adverse childhood experiences and comorbidity in a cohort of people who have injected drugs
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study sample
	Measures
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


