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Abstract
We investigated the association of 90-day opioid and stimulant co-use and HIV risk behaviors in a cross-sectional analysis of 
hospitalized HIV-negative people who inject drugs (PWID). We compared those injecting opioids alone to two sub-groups 
who co-used opioids with (1) cocaine, (2) amphetamine-type stimulants (ATS), on sex and injection drug risk behaviors 
assessed via the Risk Assessment Battery (RAB), where a higher score indicates a higher risk. Of 197 participants who 
injected opioids, 53% co-used cocaine only, 5% co-used ATS only, 18% co-used both cocaine and ATS, 24% co-used neither 
stimulant. PWID who injected opioids alone had a mean RAB drug risk score of 5.98 points and sex risk score of 2.16 points. 
Compared to PWID who injected opioids alone, PWID who co-used stimulants had higher mean drug risk RAB scores: 
cocaine, b = 2.84 points [95% confidence interval (CI) 1.01; 4.67]; ATS, b = 3.43 points (95% CI 1.29; 5.57). Compared 
to PWID who injected opioids alone, cocaine co-use was associated with higher sex RAB scores b = 1.06 points (95% CI 
0.32; 1.79). Overall, we found a significant association between stimulant co-use and higher HIV sex and drug risk scores.

Keywords HIV · Stimulant use · Opioid use · People who inject drugs · HIV risk behaviors

Resumen
Investigamos la asociación entre el uso conjunto de opioides y estimulantes durante 90 días y las conductas de riesgo frente 
al VIH en un análisis transversal de personas hospitalizadas que se inyectan drogas y que son VIH negativas (“PWID” en 
lo sucesivo). Se comparó a los que consumían únicamente opioides con dos subgrupos que consumían opioides junto con 
(1) cocaína, (2) estimulantes de tipo anfetamínico (“ATS” en lo sucesivo), en relación con las conductas de riesgo evalu-
adas mediante la Serie de Pruebas de Evaluación de Riesgos (“RAB” en lo sucesivo). De los 197 participantes, el 53% sólo 
consumía cocaína, el 5% sólo ATS y el 18% cocaína y ATS; el 24% restante únicamente se inyectaba opiáceos. En compar-
ación con las PWID que únicamente se inyectaban opioides, las PWID que consumían paralelamente estimulantes tenían 
puntuaciones medias más altas en el RAB de riesgo de drogas: cocaína, b = 2.84 puntos (intervalo de confianza [IC] del 95% 
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1.01; 4.67); ATS, b = 3.43 puntos (IC del 95% 1.29; 5.57). En comparación con las PWID que únicamente se inyectaban 
opioides, el co-consumo de cocaína se relacionó con puntuaciones más altas en la RAB en el sexo (1.06 puntos, IC del 95% 
0.32; 1.79). En general, se encontró una asociación significativa entre el co-consumo de estimulantes y las puntuaciones más 
altas de riesgo sexual y de drogas frente al VIH.

Introduction

Despite advances in HIV testing, prevention, and treatment, 
people who inject drugs (PWID) remain at significant risk 
for HIV acquisition, accounting for 1 in 10 new HIV infec-
tions [1]. For PWID, HIV acquisition is mediated by both 
injection drug and sexual risk behaviors [2–4]. These risks 
for HIV have been noted among PWID with opioid use alone 
[5]; however, more recently, polydrug use with stimulants 
and opioids has become increasingly common. From 2015 
to 2017, opioid overdose deaths involving stimulants have 
doubled [6] and as of 2019, nearly 83.8% of PWID who 
died of an overdose used stimulants in combination with 
opioids [7]. Polydrug use has risen even more dramatically 
throughout the COVID-19 pandemic [8, 9].

While co-use of stimulants with opioids is often regarded 
as “risky” practice, PWID perceive it as a reasonable prac-
tice [10] in promoting positive psychoactive effects and 
opioid intoxication, modulating the severity of opioid with-
drawal, and reducing over-excitability from stimulant use 
[10, 11]. While opioid and cocaine co-use has been common 
for years (e.g., speedball injection), co-use of opioids with 
amphetamine-type stimulants (ATS) like methamphetamine 
have recently increased [11]. Unlike cocaine, illicit ATS tend 
to be less expensive, locally supplied, and have longer last-
ing stimulant effects [12]. Given the inherent difference in 
stimulant and opioid pharmacology, varying methods of 
drug preparation, typical frequency of injection, and psy-
choactive impact, there is a mounting body of evidence that 
shows that people with opioid and stimulant co-use have 
differential infectious disease acquisition compared to those 
PWID who only use opioids [13–16]. While this unique 
population of PWID has been at significant risk for fatal 
overdose and infections related to drug use including HIV, 
little is known about the magnitude of its impact on their 
HIV risk behaviors.

The risk of HIV acquisition among people who inject opi-
oids is well established and demonstrated by multiple recent 
HIV outbreaks in the U.S. Particularly in areas where fenta-
nyl is combined with heroin and stimulant use was prevalent, 
these HIV outbreaks were associated with high frequency 
of daily injections and sharing of injection equipment [5, 
17]. Opioid use, especially injection opioid use among 
men who have sex with men (MSM), is associated with 
engaging in increased unprotected sexual intercourse and 
other higher sex risk practices for HIV [18]. Furthermore, 
stimulant use alone is associated with increased sexual and 

injection risk behaviors for HIV [19–26]. Individuals who 
injected stimulants are more likely to engage in higher risk 
drug practices including needle sharing [27] and increased 
injection frequency [10]. In the context of MSM and other 
sexual minorities, all routes of stimulant use are associated 
with unprotected anal intercourse with casual partners and 
a greater number of sexual partners [24, 28–32], and meth-
amphetamine use among MSM has been reported to be the 
greatest risk factor for HIV seroconversion [33, 34]. Litera-
ture suggests that opioid use or stimulant use alone indepen-
dently are associated with greater impulsivity and sensation 
seeking [35, 36] which may cause PWID to engage in higher 
risk sexual and injection drug risk behaviors [27, 37].

With the evolving drug epidemic and rising rates of 
stimulant and opioid co-use, it is crucial to understand its 
impact on behaviors that increase the risk for HIV. Doing so 
may help inform public health programs to target interven-
tions towards the most significant risk behaviors in order to 
minimize risk of HIV acquisition for PWID. In this study, 
we evaluated distinct drug injection practices and sexual 
risk behaviors for HIV among PWID who use opioids as 
compared to those who co-use opioids and stimulants. We 
hypothesized that PWID who co-used opioids and stimulants 
have greater HIV associated risk behaviors as compared to 
PWID using opioids alone.

Methods

Study Design

We conducted a cross sectional analysis of baseline survey 
data from the Skin and Needle Hygiene Intervention (SKIN) 
clinical trial [38] to explore the association between HIV 
risk behaviors and stimulant co-use versus injection opioid 
use alone.

Study Participants

Participants were PWID hospitalized at a large, aca-
demic safety-net hospital in Boston and were recruited 
for a randomized trial aimed at reducing skin infections 
from January 2014 to June 2018 [38]. Enrolled partici-
pants self-reported injection drug use at least three times 
in the week prior to hospitalization, completed a 90-min 
baseline questionnaire, and were randomized to either the 
motivational, educational skin hygiene intervention or 
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assessment-only arm. For this analysis our n = 201. We 
included all SKIN trial participants who primarily injected 
opioids and excluded participants who were HIV-positive 
by self-report so as to understand risk behaviors among 
PWID at risk of HIV acquisition. Item specific missing 
data on impulsivity scores reduced the sample to 197. The 
study specifics have been previously published [38].

Exposure

From baseline enrollment, we assessed two different 
sub-groups of individuals who co-used opioids with: (1) 
cocaine, (2) ATS and compared these with persons who 
only injected opioids. These sub-groups were derived 
using individuals who co-used stimulants (irrespective of 
ingestion route) in the past 90 days based on the Addic-
tion Severity Index (ASI) Drug Module, a semi-structured 
interview that quantifies the type of substances used in the 
past 90 days, including the route of administration (i.e., 
intravenous injection, non-intravenous injection, oral, 
nasal, smoking) [39]. Stimulants were defined as cocaine, 
which includes freebase, crack, powder and ATS, which 
includes crystal meth, Ritalin, speed dexedrine, crank, 
black beauties, and ice.

Outcome

We used the Risk Assessment Battery (RAB), a stand-
ardized and validated questionnaire to define HIV risk. 
The RAB was designed to elicit past 3-month drug use 
behaviors, with higher scores on both sex and injection 
drug-use sub-scales indicating greater levels of HIV risk-
taking [40]. The primary outcomes of interest were RAB 
drug and sex sub-scale scores. The 8-item drug risk sub-
scale (value range 0–22) includes questions such as the 
frequency of injection drug-use, sharing of needles and 
works, and the number of recent visits to a shooting gal-
lery. The 9-item sex risk sub-scale (value range 0–18) 
includes questions involving the number of sexual part-
ners, sexual orientation, frequency of condom use, and the 
number of times sex was exchanged for drugs or money. 
The composite RAB score (drug plus sex sub-scale scores) 
has been correlated with HIV sero-status and seroconver-
sion [40]. The RAB has high test–retest reliability and 
discriminant validity in differentiating between different 
drug-use patterns, and predictive validity in identifying 
persons who have HIV seroconversion. We use the term 
‘drug risk’ throughout the manuscript to describe HIV 
drug risk behaviors as defined by the RAB drug risk sub-
scale. Similarly, we use the term ‘sex risk’ to describe the 

HIV sex risk behaviors as defined by the RAB sex risk 
sub-scale.

Covariates

We analyzed covariates of age, gender, race, ethnicity, 
housing status, impulsivity score; these were chosen based 
on their association with HIV risk behaviors. Impulsivity 
was measured using a 5-item scale developed by Cherpitel 
that assesses the frequency of various impulsive behaviors 
(Cronbach’s alpha = 0.80) [41].

Analytical Methods

We provide descriptive statistics of the sample and used 
multiple linear regression to estimate the adjusted associa-
tion of the RAB drug risk and sex risk scores with co-use of 
stimulants. For each outcome we estimated three models so 
as to understand the independent impact that type of stimu-
lant co-used had on RAB drug and sex risk scores. Model 
I excluded ATS use, Model II excluded cocaine use, and 
Model III included both cocaine use and ATS use. Covari-
ates included in all models were age, gender (male, female), 
race (white, Black, Asian, American Indian, Pacific Islander, 
Mixed, other), ethnicity (Latinx), homelessness (spent any 
nights on the street or shelter in the past 90-days), and impul-
sivity scores. As an additional measure of effect size we 
reported partial  eta2 which gives the proportion of residual 
variance uniquely accounted for by cocaine and ATS use in 
each model. Additionally, we tested the first order cocaine 
by ATS use interaction to determine if combined use of 
both had synergistic or antagonistic effects on risk. Tests 
of significance and 95% confidence interval (CI) estimates 
were based on the Huber-White variance estimator, which 
is robust to heteroscedasticity. The study was approved by 
the Boston University Medical Center Institutional Review 
Board.

Results

Our cohort included 197 participants who primarily 
injected opioids and were 36.8 years old (± 10.3), 56.4% 
male, 63.5% white, 16.2% Latinx, and 59.4% who had 
experienced homelessness in the 90-days prior to enroll-
ment (Table 1). Approximately 72.6% of participants 
reported past 90-day cocaine use, with 25.9 (± 31.0) mean 
days of use. Among those who co-used cocaine, 38.5% 
reported that they primarily injected. In the entire sample, 
forty-eight participants (24.4%) reported past 90-day ATS 
use and mean days of use was 5.60 (± 18.8) days. Among 
those who co-use ATS, 66.7% reported that they primar-
ily injected. Among the entire cohort, 43 (23.8%) didn’t 
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use either cocaine or ATS, 106 (53.8%) co-used cocaine 
but not ATS, 11 (5.6%) co-used ATS but not cocaine, 
and 37 (18.8%) co-used both cocaine and ATS in the past 
90-days. PWID who injected opioids alone had mean 
RAB drug risk score of 5.98 (± 5.88) and sex risk score 
of 2.16 (± 2.20) (“Appendix 1”).

RAB Drug Risk

The adjusted mean RAB drug risk score was 2.84 (95% CI 
1.01; 4.67, t = 3.07, p = 0.002) points higher among persons 
who reported cocaine co-use than among those who had 
not used cocaine in Model I (Table 2). Persons reporting 
ATS co-use also had significantly higher (3.43, 95% CI 
1.29; 5.57, t = 3.16, p = 0.002) adjusted mean RAB drug 
risk scores than those who had not used ATS (Model II). 

Table 1  Baseline characteristics 
of cohort of hospitalized HIV-
negative people who inject 
drugs (n = 197)

ATS amphetamine type stimulants, RAB risk assessment battery, SD standard deviation
a Impulsivity Score: 5 item scale developed by Cherpitel [41]

n (%) Mean SD Median Min Max

Years age 36.8 10.3 34 19 62
Sex (male) 111 (56.4%)
Race (white) 125 (63.5%)
Ethnicity (Latinx) 32 (16.2%)
Homelessness (yes) 117 (59.4%)
Impulsivity  Scorea 2.99 0.81 3.2 1 4
Past 90 day cocaine use (yes) 143 (72.6%)
 Days used cocaine (0–90) 25.9 31.0 10 0 90
 Injected cocaine (yes) 55

Past 90 day ATS use (yes) 48 (24.4%)
 Days used ATS (0–90) 5.60 18.8 0 0 90
 Injected ATS (Yes) 32

RAB drug risk 9.44 6.78 9 1 22
RAB sex risk 3.47 3.65 3 0 17

Table 2  Multiple linear regression of RAB drug risk score on cocaine and ATS use (n = 197)

ATS amphetamine type stimulants, CI confidence interval, RAB risk assessment battery, SD standard deviation
a Model I excluded ATS use
b Model II excluded cocaine use
c Model III included both cocaine and ATS use
d 95% confidence interval estimates and tests of significance were based on the robust Huber-White variance estimator

Model  Ia Model  IIb Model  IIIc

b (95% CI)d t (p =) b (95% CI)d t (p =) b (95% CI)d t (p =)

Current age 0.01 (− 0.09; 0.11) 0.14 (0.887) 0.00 (− 0.10; 0.10) 0.06 (0.952) 0.03 (− 0.07; 0.12) 0.52 (0.602)
Sex (male) − 3.29 (− 5.17; − 1.41) − 3.46 (0.001) − 3.36 (− 5.27; − 1.45) − 3.47 (0.001) − 3.37 (− 5.22; − 1.51) − 3.59 (< 0.000)
Race (white) 2.52 (0.30; 4.73) 2.24 (0.026) 1.71 (− 0.58; 4.00) 1.47 (0.142) 1.98 (− 0.28; 4.23) 1.73 (0.085)
Ethnicity (Latinx) 0.48 (− 2.23; 3.19) 0.35 (0.729) 0.81 (− 1.95; 3.58) 0.58 (0.562) 0.71 (− 2.00; 3.42) 0.52 (0.604)
Homelessness 2.78 (1.00; 4.55) 3.09 (0.002) 2.87 (1.14; 4.59) 3.29 (0.001) 2.58 (0.87; 4.20) 2.97 (0.003)
Impulsivity 0.75 (− 0.41; 1.91) 1.27 (0.297) 0.65 (− 0.53; 1.83) 1.09 (0.277) 0.58 (− 0.55; 1.72) 1.02 (0.311)
Used cocaine (yes) 2.84 (1.01; 4.67) 3.07 (0.002) N/A 2.75 (0.95; 4.55) 3.01 (0.003)
Used ATS (yes) N/A 3.43 (1.29; 5.57) 3.16 (0.002) 3.34 (1.25; 5.42) 3.16 (0.002)
Constant 3.41 (− 2.28; 9.11) 1.18 (0.238) 5.51 (0.21; 10.82) 2.05 (0.042) 2.92 (− 2.65; 8.48) 1.03 (0.302)
Model F (p =) 8.70 (< 0.001) 8.31 (< 0.001) 9.15 (< 0.001)
Model  R2 0.198 0.208 0.238
Eta2 cocaine 0.040 N/A 0.040
Eta2 ATS N/A 0.050 0.050



1051AIDS and Behavior (2022) 26:1047–1055 

1 3

When simultaneously included in the model (Model III) both 
cocaine (2.75, 95% CI 0.95; 4.55, t = 3.01, p = 0.003) and 
ATS (3.34, 95% CI 1.25; 5.42, t = 3.16, p = 0.002) were asso-
ciated significantly with higher drug risk scores. The effects 
of cocaine co-use and ATS co-use on drug risk scores were 
largely independent. The cocaine by ATS interaction effect 
was not significant statistically (b = 0.24, 95% CI − 4.43; 
4.91, t = 0.10, p = 0.918) and the coefficients for each in 
Model III were only slightly attenuated when compared 
to the coefficients of each in Models I and II. And when 
rounded to the 3rd decimal, the partial  eta2 statistics did 
not change when both cocaine and ATS were included in 
Model III. Males had significantly lower drug risk scores 
than females, whites had significantly higher (not signifi-
cant in Model II) drug risk scores than racial minorities, and 
persons who had ever experienced homelessness had sig-
nificantly higher drug risk scores than those who had never 
experienced homelessness.

RAB Sex Risk

Co-use of cocaine was positively and significantly associated 
with the adjusted mean RAB sex risk score in both Model I 
(1.06, 95% CI 0.32; 1.79, t = 2.83, p = 0.005) and Model III 
(1.05, 95% CI 0.31; 1.78, t = 2.82, p = 0.005) (Table 3). ATS 
co-use was not associated significantly with sex risk scores 
and the substantive magnitude of the adjusted association 
was small. The first order cocaine by ATS interaction effect 

was not statistically significant (b = 0.61, 95% CI − 1.64; 
2.85, t = 0.53, p = 0.593). Partial  eta2 decreased only very 
slightly when ATS use was included in the model. Males 
had significantly lower sex risk scores than females. Sex risk 
scores were not significantly associated with other covariates 
included in the regression models.

Discussion

In this study of hospitalized PWID who injected opioids, we 
found that those who co-used stimulants in the past 90 days 
had significantly higher RAB drug and sex HIV risk scores 
as compared to those who used opioids alone, controlling 
for important covariates. Our study adds to a growing body 
of literature around clinical outcomes for stimulant co-use 
with opioids and supports the hypothesis that this popula-
tion of PWID may be engaging in higher risk behaviors for 
HIV than those who inject opioids alone. Our findings are 
novel in that we found that the type of stimulants co-used 
conferred a differential impact on RAB drug risk scores.

One international study suggested an association of 
increased injection drug risk when PWID co-injected opi-
oids and any type of stimulants [42]. Results presented here 
expand on this prior research as we found that the type of 
stimulant co-used matters. Based on our results of Model 
I and II, the type of stimulant co-used each conferred sig-
nificantly different and largely independent effects on drug 

Table 3  Multiple linear regression of RAB sex risk score on cocaine and ATS use (n = 197)

ATS amphetamine type stimulants, CI confidence interval, RAB risk assessment battery, SD standard deviation
a Model I excluded ATS use
b Model II excluded cocaine use
c Model III included both cocaine and ATS use
d 95% Confidence interval estimates and tests of significance were based on the robust Huber-White variance estimator

Model  Ia Model  IIb Model  IIIc

b (95% CI)d t (p =) b (95% CI)d t (p =) b (95% CI)d t (p =)

Current age − 0.04 (− 0.08; 0.01) − 1.60 (0.112) − 0.04 (− 0.09; 0.00) − 1.87 (0.063) − 0.04 (− 0.08; 0.02) − 1.47 (0.142)
Sex (male) − 3.85 (− 4.83; 

− 2.87)
− 7.72 (< 0.001) − 3.85 (− 4.85; 

− 2.86)
− 7.67 (< 0.001) − 3.86 (− 4.84; 

− 2.86)
− 7.69 (< 0.001)

Race (white) 0.61 (− 0.42; 1.64) 1.17 (0.243) 0.47 (− 0.60; 1.53) 0.86 (0.390) 0.57 (− 0.48; 1.61) 1.07 (0.287)
Ethnicity (Latinx) 0.51 (− 0.49; 1.51) 1.00 (0.319) 0.56 (− 0.48; 1.61) 1.06 (0.289) 0.53 (− 0.49; 1.54) 1.02 (0.307)
Homelessness 0.72 (− 0.12; 1.57) 1.70 (0.091) 0.82 (− 0.03; 0.78) 1.90 (0.059) 0.71 (− 0.13; 1.55) 1.67 (0.097)
Impulsivity 0.29 (− 0.18; 0.76) 1.22 (0.225) 0.30 (− 0.18; 0.78) 1.24 (0.218) 0.28 (− 0.21; 0.76) 1.13 (0.260)
Used cocaine (yes) 1.06 (0.32; 1.79) 2.83 (0.005) N/A 1.05 (0.31; 1.78) 2.82 (0.005)
Used ATS (yes) N/A 0.31 (− 0.90; 1.51) 0.50 (0.617) 0.27 (− 0.91; 1.46) 0.45 (0.652)
Constant 4.45 (1.72; 7.19) 3.21 (0.002) 5.40 (2.79; 8.01) 4.08 (< 0.000) 4.41 (1.67; 7.16) 3.17 (0.002)
Model F (p =) 13.68 (< 0.001) 13.40 (< 0.001) 12.07 (< 0.001)
Model  R2 0.388 0.373 0.389
Eta2 cocaine 0.026 N/A 0.025
Eta2 ATS N/A 0.002 0.001
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risk scores. Even though all stimulants have similar sym-
pathomimetic effects, individually, cocaine and ATS have 
quite distinct patterns of use, duration of action, and physi-
ological intoxication syndromes which could explain dif-
ferential impact on drug risk scores. Unlike cocaine, PWID 
who use ATS experience intoxication syndromes that can 
last for days, often with post-use psychotic features [43], 
and prolonged motor and cognitive impairment [44] which 
may impact their ability to engage in safer injection drug 
practices. Furthermore, while studies have shown that both 
cocaine and ATS have an impact on impulsivity and behav-
ioral disinhibition [36, 45], ATS-induced sleep deprivation 
could further exacerbate PWID’s drug risk taking behaviors. 
Though our study was underpowered to stratify PWID based 
on the route of administration of drugs, we suspect that those 
who co-inject stimulants may be engaging in greater injec-
tion drug risks behaviors.

Our findings also suggest that not only does the type of 
stimulant co-used have independent impact on drug risk, 
but if PWID co-use multiple types of stimulants with opi-
oids they may further increase their drug risk. PWID who 
co-use multiple stimulants along with opioids may have a 
more severe addictive disorder with polydrug use pattern 
potentiating further impulsive behavior or have an underly-
ing stimulant use disorder. While there is emerging data on 
medications to reduce stimulant cravings [46], there is not 
an evidence-based highly effective medication for treatment 
to date [20] and continued stimulant use has been shown to 
place PWID at risk for ongoing opioid use and disengage-
ment from opioid use disorder treatment [47, 48]. Thus, 
stimulant co-users, particularly ones who co-use multiple 
stimulants, may be increasingly vulnerable to engage in 
higher drug risk behaviors and be at risk for HIV infection 
[49, 50].

In light of the rapidly growing population of PWID 
who co-use stimulants with opioids, our results suggest an 
urgency to target harm reduction strategies to reduce drug 
risk behaviors so as to minimize the risk of future HIV out-
breaks. When people who inject opioids, particularly ones 
who co-use stimulants, access the healthcare system, it is an 
opportunity to screen this vulnerable population for HIV risk 
behaviors and engage in HIV prevention. At syringe service 
programs [51] or during an acute hospitalization (such as in 
our cohort) clinicians can identify PWID who are co-using 
stimulants with opioids as being at higher risk of engaging 
in HIV drug and sex risk behaviors and, thus, prioritize pre-
ventive harm reduction strategies such as HIV screenings or 
prescribing pre-exposure prophylaxis.

Consistent with previous studies, we found that cocaine 
co-use among our cohort was associated with a greater sex 
risk compared to when no cocaine was co-used [52]. Inter-
estingly, our models did not show a significant association 
of ATS co-use with sex risk scores. Given ATS impact on 

increasing libido and impulsivity, our findings stand in con-
trast to numerous studies among PWID and MSM which 
have shown that ATS use leads to higher risk sexual behav-
iors such as unprotected intercourse or having multiple 
sexual partners [21, 53–56] and trading sex for drugs [57]. 
Our cohort was not primarily MSM; further, a minority of 
our participants co-used ATS with low frequency over the 
90 day recall period which may have contributed to differ-
ences in our findings from previous work.

Limitations

Some limitations warrant discussion. First, the sample size 
was limited to PWID hospitalized for an acute medical con-
dition who, therefore, may represent a particularly high-risk 
group not representative of PWID in the community. In addi-
tion, the setting for the study was an urban, safety-net hospi-
tal, so findings may not be generalizable to rural/suburban 
PWID, or to out-of-treatment PWID who have not been hos-
pitalized. Second, opioid and stimulant drug use and other 
risk behaviors are based on participant self-report, though 
previous literature has suggested that PWID provide reli-
able and valid responses [58, 59]. Third, given differential 
geographic drug use trends, our cohort had a low prevalence 
of PWID who co-used ATS which may have impacted our 
power to detect group differences. Fourth, we did not enroll 
non-English speaking patients in the study, although several 
of the participants did speak English as a second language at 
a level sufficient to provide informed consent and complete 
study assessments. Fifth, the ASI asks about amphetamine 
or methamphetamine use, but participants did not specify 
illicit or licit use with prescription stimulants, thus we are 
unable to report specific breakdown of the types of ATS 
co-used. Lastly, due to the manner in which the baseline 
survey questions were designed, we were unable to identify 
participants who only used non-injection routes of opioids. 
Even though the RAB drug risk score would not be applica-
ble to this population, further research is needed to evaluate 
their HIV sex risk factors associated with stimulant co-use.

Conclusions

While we have seen that rising rates of polysubstance use 
have led to increased fatal overdoses over the past several 
years, our results suggest that PWID who co-use stimulants 
with opioids may be engaging in significant HIV risk behav-
iors as well. Healthcare resources ought to target increased 
HIV screening, access to HIV pre-exposure prophylaxis, and 
developing effective harm reduction risk services address-
ing both sexual and drug risk behaviors with attention to 
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persons who co-use opioids and stimulants, and such pre-
vention schemes could well be initiated in hospital settings.

Appendix 1 Mean RAB drug and sex risk 
scores of hospitalized cohort of HIV‑negative 
people who inject opioids (n = 197)

Participant patterns of cocaine 
and ATS use

RAB drug (± SD) RAB sex (± SD)

No co-use (opioids only; 
n = 43)

5.98 (± 5.88) 2.16 (± 2.20)

Co-used cocaine only 
(n = 106)

9.29 (± 6.69) 3.48 (± 3.95)

Co-used ATS only (n = 11) 10.91 (± 5.63) 3.27 (± 2.00)
Co-used cocaine and ATS 

(n = 37)
13.54 (± 6.05) 4.62 (± 4.04)

ATS amphetamine type stimulants, RAB risk assessment battery, SD 
standard deviation
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