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H I G H L I G H T S

• HIV PrEP awareness and use continue to be low among people who inject drugs.
• Risk category for PrEP indication is associated with HIV risk perception among PWID.
• Addressing drug use risk perception may be critical to increasing PrEP uptake.

A R T I C L E  I N F O

Keywords:
Pre-exposure prophylaxis
People who inject drugs
HIV
Risk perception
United States

A B S T R A C T

Background: Perceived HIV risk may impact willingness to initiate PrEP among people who inject drugs (PWID).
Methods: We analyzed baseline data from PrEP eligible PWID in Baltimore, MD. Risk perception was assessed by 
PWID relative to the average risk of their age group categorized as: higher-than, lower-than, or about average. 
Participants were informed of PrEP for HIV prevention and asked about their willingness to use daily PrEP. 
Associations of PrEP indication (categorized as injection risk only vs any sexual risk), perceived HIV risk and non- 
willingness to use PrEP was assessed using generalized linear models.
Results: Among 489 participants, 61 % were male, 66 % were Black and mean age was 46 years. One-third (35 %) 
of the participants were aware of PrEP and <1 % had used PrEP in the prior 30 days. Overall, 30 % of PWID 
reported lower-than-average perceived HIV risk and 18 % reported non-willingness to use PrEP. Participants 
with injection risk only were more likely (aOR: 2.75; 95 %CI: 1.60 – 4.73) to report having lower-than-average 
perceived HIV risk compared to those with any sexual risk. Participants with lower-than-average perceived risk 
were more likely to report non-willingness to use PrEP compared to those with higher perceived risk (adjusted 
PR: 1.91; 95 %CI: 1.18 – 3.10).
Conclusion: A considerable proportion of PWID eligible for PrEP reported having low risk of HIV acquisition 
despite being eligible for PrEP. Consistent and tailored PrEP messaging that addresses drug use HIV risk 
perception may be critical to increasing PrEP uptake among PWID.

1. Introduction

People who inject drugs (PWID) continue to be at increased risk of 
HIV infection. As of 2021, there were approximately 13.2 million PWID 
worldwide, with 1 in 8 (12 %) of them living with HIV. Globally, in
jection drug use was responsible for about 10 % of all new HIV infections 
(UNODC, 2023). In the United States (U.S.), the Centers for Disease 

Control and Prevention (CDC) estimates that about 7 % of new HIV in
fections in 2021 were linked to injection drug use (CDC, 2021). PWID 
have a risk of acquiring HIV that is 35 times higher compared to people 
who do not inject drugs (UNODC, 2023). Previous data suggest that this 
increased risk results from risky injection behavior, such as needle and 
injection equipment sharing, as well as high-risk sexual behavior (Broz 
et al., 2009; Jo et al., 2020; Mistler et al., 2021; Williams et al., 2019).
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Despite proven efficacy for HIV prevention (Choopanya et al., 2013; 
McCormack et al., 2016; Molina et al., 2015), previous data suggest that 
Pre-Exposure Prophylaxis (PrEP) uptake among PWID has been subop
timal in the U.S. (Corcorran et al., 2022; McFarland et al., 2020; Sher
man et al., 2019). Risk perception is a critical component of behavior 
change and is defined by Ferrer and Klein as “an individual’s perceived 
susceptibility to a threat”. Perceptions of risk, whether accurate or 
inaccurate, can significantly impact health outcomes (Ferrer and Klein, 
2015). There is evidence that gaps exist between perception of risk and 
the objective assessment of risk (Dubin et al., 2019; Rutledge et al., 
2018). For individuals at risk for HIV, low self-perceived risk of 
acquiring HIV has the potential to affect the PrEP care cascade – a 
framework describing the multiple stages of PrEP engagement (Mayer 
et al., 2020). Qualitative data among PWID suggests that low perceived 
risk of HIV may influence interest in PrEP and could potentially be a 
barrier to PrEP utilization (Bazzi et al., 2018; Biello et al., 2018). In 
addition, studies among predominantly White PWID enrolled in opioid 
treatment programs in Connecticut and Massachusetts found an asso
ciation between high perceived HIV risk and progress along the PrEP 
cascade such as PrEP awareness, and willingness to use PrEP among 
PWID (Ni et al., 2021; Shrestha et al., 2017; Stein et al., 2014). Among 
men who have sex with men (MSM), HIV risk perception has emerged as 
a critical step of this cascade, influencing PrEP awareness, inter
est/willingness, PrEP use, adherence, and retention in PrEP care (Nunn 
et al., 2017; Yellin et al., 2023). Less is known about HIV risk perception 
and its impact on PrEP willingness among predominantly minority 
PWID.

CDC indication categories for PrEP use include sexual or injection 
drug use practices that increase risk of acquiring HIV. Prior research 
among PWID has explored individual, social and structural factors that 
contribute to suboptimal uptake (Dubov et al., 2023; Pleuhs et al., 2022; 
Schneider et al., 2021; Walters et al., 2022), but less is known about the 
role of PrEP indication category (sexual, injection drug use, or both) on 
HIV risk perception. To address this gap, this study sought to describe 
the PrEP cascade and assess the association of PrEP indication category, 
low perceived HIV risk and unwillingness to use PrEP among PrEP 
eligible PWID. This analysis utilized quantitative data from a large 
sample of street-recruited, PWID who use various drug types, regardless 
of their drug treatment status to improve generalizability of our study 
findings.

2. Methodology

2.1. Study setting, sample, and recruitment

We analyzed baseline data from individuals enrolled in the INSITE 
Study, an interventional cluster-randomized trial among people who 
inject drugs in Baltimore, MD. A detailed description of this study has 
previously been published (Page et al., 2024). Briefly, 720 PWID were 
recruited across 12 neighborhood sites or clusters in Baltimore routinely 
visited by the Baltimore City Health Department syringe service pro
gram (SSP). Participants were included in the study if they were 1) 18 
years and older, 2) living with HIV and reported a history of injection 
drug use, 3) not living with HIV and injected drugs for 4 days or more in 
the previous 30 days, 4) not living with HIV and shared a needle/syringe 
in the prior 6 months. Neighborhood sites (clusters) were randomly 
assigned to an experimental arm that consisted of availability of an in
tegrated care van (ICV) to complement the city’s mobile SSP or a control 
arm where no additional services were provided. The goal of the inte
grated care van is to provide a range of services to PWID including HIV 
and HCV testing and linkage, PrEP, medication assisted treatment, 
wound care, case management services and on-site medical manage
ment. At enrollment, a biometric capture was completed and data on 
sociodemographic characteristics including quality of life, drug and 
alcohol use, injection- and sex-related risk behaviors were collected 
from study participants using Research Electronic Data Capture 

(REDCap). Blood samples were collected from study participants for 
testing of HIV antibody, HIV RNA and tenofovir diphosphate (TFV-DP) 
concentration. For these analyses, we restricted our sample to PWID who 
were 18 years or older, not living with HIV, and met at least one of the 
CDC criteria for PrEP eligibility (sexual risk defined as having more than 
one sexual partner and inconsistent condom use; injection risk defined 
as sharing needles or injection drug equipment). All participants 
included in the study provided written informed consent. The study was 
approved by the Johns Hopkins Medicine institutional review board.

2.2. Study measures

The PrEP cascade included PrEP awareness, ever discussing PrEP 
with a health professional, any prescription of PrEP ever and PrEP use in 
the prior 30 days. PrEP awareness was determined based on whether 
participants had heard of PrEP before study enrollment. For participants 
who were aware of PrEP, discussions related to PrEP with a health 
professional, prior PrEP prescriptions and PrEP use in the prior 30 days 
was determined based on “Yes” or “No” responses to the questions “Have 
you ever talked to a doctor or another medical provider about taking 
PrEP?”, “Have you ever been prescribed PrEP to prevent HIV (a medi
cine called Truvada)?” and “When is the last time you took PrEP?”, 
respectively. PrEP use in the prior 30 days was confirmed quantitatively 
using dried blood spot samples with TFV-DP values at baseline. The 
following cut-offs were used for adherence interpretation of TFV-DP 
values: <450 fmol/punches, <2 doses/week; 450–949 fmol/punches, 
2–3 doses/week; 950–1799 fmol/punches, 4–6 doses/week; and ≥1800 
fmol/punches, 7 doses/week (Yager et al., 2020).

PrEP indication category was determined using CDC’s eligibility 
criteria for PrEP and dichotomized for this analysis as injection risk only 
(defined as having a HIV-positive injecting partner or sharing injection 
equipment) and any sexual risk (defined as having one or more of the 
following 1) an HIV-positive sexual partner, 2) a history of a bacterial 
STI in past 6 months, or 3) a history of inconsistent or no condom use 
with sexual partner(s)).

HIV risk perception was a trichotomous variable based on response 
to the following question “Compared with other people your age in 
Baltimore, would you say your risk of getting HIV is lower than average, 
about average, or higher than average?”.

Willingness to use PrEP was assessed after participants were told the 
following: “There is evidence from clinical studies that people who are 
HIV-negative, but are at risk for HIV, can reduce their risk by taking 
PrEP every day (a medication called Truvada).” Participants were then 
asked, “Assuming PrEP didn’t cost you any money, would you be willing 
to take a medicine every day to reduce your risk of getting HIV?” Re
sponses were reported as “No chance”, “Very little chance”, “Some 
chance”, or “Very good chance”. For this analysis, responses were 
dichotomized, and participants were classified as unwilling to use PrEP 
if they reported “no chance” or “very little chance” of using PrEP.

Sociodemographic characteristics included in our analyses to 
describe our study sample were age, race (White, Black, other), ethnicity 
(Hispanic, non-Hispanic), sexual orientation (heterosexual, gay, 
bisexual, lesbian, other), birth sex (male, female), educational level 
(high school and above, less than high school), marital status (married, 
never married, divorced/separated, widowed), history of incarceration, 
SSP use prior to the study survey (“never”, within the last 7 days, “within 
the last 30 days”, “within the last 6 months”, and “more than 6 months 
ago”) and having health insurance assessed by self-report. We catego
rized housing based on prior work by Gonzalez Corro et al. as “stable”, 
“unstable” and “undomiciled” (Gonzalez Corro et al., 2024). For 
behavioral risk factors, we included age at first injection drug use, in
jection drug type in the prior six months and hazardous alcohol use. 
Hazardous alcohol use was defined based on the results of the AUDIT-C 
(score ≥3 for female and ≥4 for males) (Bush et al., 1998).
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2.3. Statistical analysis

Descriptive statistics were used to summarize participants’ socio
demographic and behavioral risk characteristics and presented as fre
quencies and proportions. The student’s t-test evaluated differences in 
continuous variables, respectively. Pearson’s chi-square and Fisher’s 
exact tests were used to assess differences in categorical variables. 
Multinomial logistic regression was used to estimate the association of 
PrEP indication category and HIV risk perception. Among PrEP eligible 
PWID, we used a log-binomial regression to estimate the association of 
HIV risk perception and unwillingness to use PrEP. We chose log- 

binomial regression because logistic regression would have over
estimated the risk of the outcome (>10 % of our sample were unwilling 
to use PrEP). Covariates included in our adjusted models were age, race, 
birth sex, sexual orientation and educational level. Covariates were 
selected a priori based on their hypothesized relationship with the 
exposure and outcome variable. Odds ratios (for multinomial logistic 
regression), prevalence ratios (for log-binomial regression) and 95 % 
confidence intervals (CI) were estimated using robust variance esti
mator. All analyses were done using Stata version 18.0 (StataCorp LLC, 
College Station, TX).

Table 1 
Participant characteristics, self-perceived risk of HIV and PrEP indication category among PWID eligible for PrEP in Baltimore MD.

Sociodemographic characteristicsa Total PrEP Indication Category HIV Risk Perceptionc p-value

Any Sexual 
Risk

Only Injection 
Risk

p-value Higher than 
average

About 
average

Lower 
than 
average

N=489 N=178 N=311 N=163 N=174 N=148

Age, mean (SD) 46 (11) 44 (10) 47 (11) 0.002* 45 (11) 45 (11) 48 (10) 0.021*
Birth Sex ​ ​ ​ <0.001* ​ ​ ​ 0.014*
Male 294 (61) 80 (45) 211 (71) ​ 84 (52) 113 (65) 97 (66) ​ 
Female 191 (39) 98 (55) 85 (29) ​ 79 (48) 61 (35) 51 (34) ​ 
Sexual Orientation ​ ​ ​ <0.001* ​ ​ ​ 0.16
Heterosexual 433 (89) 137 (77) 296 (95) ​ 138 (85) 162 (93) 129 (87) ​ 
Homosexual/Bisexual/Otherb 56 (11) 41 (23) 15 (5) ​ 25 (15) 12 (7) 19 (13) ​ 
Race ​ ​ ​ 0.14 ​ ​ ​ 0.019*
White 136 (28) 56 (31) 80 (26) ​ 47 (29) 61 (35) 27 (18) ​ 
Black 328 (67) 110 (62) 218 (70) ​ 108 (66) 106 (61) 111 (75) ​ 
Othersf 25 (5) 12 (7) 13 (4) ​ 8 (5) 7 (4) 10 (7) ​ 
Hispanic 13 (3) 8 (4) 5 (2) 0.078 4 (2) 5 (3) 4 (3) 0.97
Educational Level ​ ​ ​ 0.52 ​ ​ ​ 0.44
Less than High School 171 (35) 59 (33) 112 (36) ​ 57 (35) 66 (38) 46 (31) ​ 
High School and Above 318 (65) 119 (67) 199 (64) ​ 106 (65) 108 (62) 102 (69) ​ 
Marital Status ​ ​ ​ 0.001* ​ ​ ​ 0.46
Married 61 (12) 12 (7) 49 (16) ​ 21 (13) 21 (12) 18 (12) ​ 
Never Married 317 (65) 129 (72) 188 (60) ​ 101 (62) 117 (67) 96 (65) ​ 
Divorced/Separated 85 (17) 33 (19) 52 (17) ​ 30 (18) 32 (18) 23 (16) ​ 
Widowed 26 (5) 4 (2) 22 (7) ​ 11 (7) 4 (2) 11 (7) ​ 
Housingd ​ ​ ​ 0.40 ​ ​ ​ 0.21
Stable 217 (44) 83 (47) 134 (43) ​ 70 (43) 77 (44) 67 (45) ​ 
Unstable 227 (46) 76 (43) 151 (49) ​ 80 (49) 74 (43) 72 (49) ​ 
Undomiciled 45 (9) 19 (11) 26 (8) ​ 13 (8) 23 (13) 9 (6) ​ 
Alcohol Usec ​ ​ ​ 0.057 ​ ​ ​ 0.25
No/low Risk 211 (43) 65 (37) 146 (47) ​ 79 (48) 68 (39) 62 (42) ​ 
Moderate/high risk 277 (57) 113 (63) 164 (53) ​ 84 (52) 106 (61) 85 (57) ​ 
History of Incarceration 428 (88) 153 (86) 275 (88) 0.43 141 (87) 152 (87) 131 (89) 0.87
Age at 1st IDU, mean (SD) 23 (8) 22 (7) 23 (8) 0.25 22 (7) 23 (8) 24 (9) 0.069
Have health insurance 436 (90) 158 (90) 278 (89) 0.89 145 (90) 154 (89) 134 (91) 0.90
SSP Use ​ ​ ​ 0.561 ​ ​ ​ 0.424
Never 81 (17) 35 (20) 46 (15) ​ 26 (16) 33 (19) 21 (14) ​ 
Within the last 7 days 187 (38) 64 (36) 123 (39) ​ 66 (40) 58 (32) 61 (31) ​ 
Within the last 30 days 103 (21) 40 (23) 63 (20) ​ 25 (15) 41 (24) 37 (25) ​ 
Within the last 6 months 66 (14) 20 (11) 46 (15) ​ 28 (17) 21 (12) 16 (11) ​ 
More than 6 months ago 52 (11) 19 (10) 33 (11) ​ 18 (12) 21 (12) 13 (9) ​ 
Injection drug typee ​ ​ ​ ​ ​ ​ ​ ​ 
Heroin and Cocaine (speedball) 373 (76) 142 (80) 231 (74) ​ 122 (75) 133 (76) 115 (78) ​ 
Heroin alone 476 (97) 174 (98) 302 (97) ​ 158 (97) 171 (98) 143 (97) ​ 
Cocaine alone 331 (68) 130 (73) 201 (65) ​ 110 (67) 123 (71) 95 (64) ​ 
Fentanyl 152 (31) 61 (34) 91 (29) ​ 53 (33) 48 (28) 49 (33) ​ 
Prescription opioids (excluding 

Fentanyl)
156 (32) 60 (34) 96 (31) ​ 52 (32) 51 (29) 51 (34) ​ 

Amphetamine/ Methamphetamine 86 (18) 36 (20) 50 (16) ​ 25 (15) 33 (19) 26 (18) ​ 
Benzodiazepines 122 (25) 46 (26) 76 (24) ​ 48 (29) 35 (20) 37 (25) ​ 

Abbreviations: IQR, Interquartile range; SD, standard deviation
a Variable distribution are reported as n (column %) unless otherwise specified
b Others included Lesbian and Queer
c Variables with missing responses HIV risk perception = 4; alcohol use = 1
d Stable housing defined as owning a home (condo or house), renting an apartment/house (alone or with others) or a single room; unstable housing defined as 

staying with family or friends, in a drug treatment/residential program, or in a shelter; undomiciled defined as being homeless (living on street, park, abandoned 
building) or other (Gonzalez Corro et al., 2024).

e Not mutually exclusive
f Others included Asian, American Indian/Alaskan Native, Native Hawaiian or Pacific Islander and more than one race
* Significant P-values <0.05
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3. Results

Of the 720 individuals enrolled in the INSITE study, 639 (89 %) had a 
negative HIV test result and 489 (68 %) were eligible for PrEP at 
baseline.

3.1. Participant characteristics

Among 489 PWID eligible for PrEP in this study, 61 % were male, 
89 % were heterosexual, 67 % were Black and 97 % were non-Hispanic. 
The mean age of participants was 46 years old (standard deviation [SD] 
= 11). Two-thirds (65 %) of the participants had a high school diploma 
and reported never being married. The mean age that participants first 
injected drugs was 23 (SD = 8). The most commonly reported injection 
drugs used in the 6 months prior to the survey were heroin and cocaine 
used concurrently/speedball (76 %), heroin alone (97 %) and cocaine 
alone (68 %). Less than a third of participants reported injecting fenta
nyl (31 %), other prescription opioids (32 %), benzodiazepines (25 %), 
or amphetamines (18 %). Over half (57 %) of the participants met the 
criteria for hazardous alcohol use. The majority reported prior incar
ceration (88 %). SSP use prior to the study survey was reported as fol
lows: within 7 days (38 %), within 30 days (21 %), within 6 months 
(13 %), more than 6 months ago (11 %), and never (17 %). A majority of 
participants reported being undomiciled (9 %) or having unstable 
housing (46 %) (Table 1).

3.2. PrEP cascade

Among the 489 PWID eligible for PrEP, 317 (65 %) were unaware of 
PrEP, 172 (35 %) were aware of PrEP, 16 (3 %) had ever discussed PrEP 
with a health professional, 6 (1 %) were ever prescribed and 4 (<1 %) 
had used PrEP in the prior 30 days (Fig. 1). Half (2/4) of the participants 
that reported recent PrEP use had TFV-DP concentrations <450 fmol/ 
punch consistent with less than two doses/week of emtricitabine co- 
formulated with tenofovir disoproxil fumarate (F/TDF) over the pre
ceding 12 weeks. One participant had TFV-DP concentrations between 
450 – 949 fmol/punch consistent with 2–3 F/TDF doses/week, while the 
other had concentrations between 950 – 1799 fmol/punch consistent 
4–6 F/TDF doses/week over the preceding 12 weeks.

3.3. PrEP indication category and HIV risk perception

Overall, 64 % of PrEP eligible PWID had risk of HIV acquisition only 
through injection drug use and 36 % of participants had risk of HIV 
acquisition through sex (9 % had sexual risk alone and 27 % had both 
injection and sexual risk). Participants reported their HIV risk percep
tion as higher than average (33 %), about average (36 %) and lower 
than average (30 %).

In unadjusted analysis, participants with only injection risk were 
more likely to report lower-than-average (vs higher-than-average) 
perceived risk of HIV infection (OR: 2.80; 95 % CI: 1.70 – 4.61; p <
0.001) compared to those with any sexual risk. Adjusted multinomial 
regression revealed that PWID with only injection risk were more likely 
to report lower-than-average (vs higher-than-average) perceived risk 
(aOR: 2.75; 95 % CI: 1.60 – 4.73; p < 0.001) compared to those with any 
sexual risk (Table 2). The association between PrEP indication category 
and average (vs higher-than-average) perceived risk was not significant 
in both unadjusted (OR: 1.04; 95 % CI: 0.68 – 1.61 p = 0.849) and 
adjusted analyses (aOR: 0.83; 95 % CI: 0.53 – 1.31; p = 0.435).

3.4. HIV risk perception and unwillingness to use PrEP

Overall, 18 % of PWID eligible for PrEP reported unwillingness to 
use PrEP. In unadjusted analysis, PWID with lower-than-average 
perceived risk were more likely to be unwilling to use PrEP (PR: 1.93; 
95 % CI: 1.23 – 3.01; p = 0.004) compared to PWID with higher-than- 
average perceived risk. This association remained unchanged in an 
adjusted log-binomial regression model (adjusted PR: 1.91; 95 % CI: 
1.18 – 3.10; p = 0.008) for unwillingness to use PrEP in participants with 
lower-than-average perceived HIV risk compared to those with higher- 
than-average perceived HIV risk (Table 3).

The associations between unwillingness to use PrEP and average 
(compared to higher-than-average) perceived HIV was not significant in 
unadjusted (PR: 0.76; 95 % CI: 0.44 – 1.32; p = 0.324) and adjusted 
analyses (aPR: 0.75; 95 % CI: 0.43 – 1.32; p = 0.324).

4. Discussion

Our study demonstrated that a considerable proportion (65 %) of 

Fig. 1. PrEP eligibility and PrEP cascade among people who inject drugs in Baltimore, MD (2018).
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PrEP eligible PWID were unaware of PrEP, and less than 1 % had used 
PrEP in the prior 30 days. PWID at risk for HIV through unsafe injection 
behavior were more likely to underestimate their HIV risk compared to 
those with any sexual risk, highlighting a critical gap in risk assessment 
(subjective vs. objective). This low perceived risk was significantly 
associated with unwillingness to use PrEP among PWID and may 
contribute to critical gaps in engagement across the PrEP cascade 
including low PrEP awareness, missed opportunities for discussions 
about PrEP with health professionals, and low PrEP prescription rates 
and use among PWID accessing SSP services highlighted in our study.

While most of our study participants reported at least an average 
perceived risk of HIV, a considerable proportion reported low perceived 
risk, despite meeting the eligibility criteria for PrEP. This 

underestimation of risk aligns with findings of a study in a Southwestern 
US city, where PWID accessing a mobile outreach service similarly had 
lower perceived risk for HIV acquisition despite reporting high risk be
haviors (Champion and Recto, 2023). There may be several reasons for 
the low perceived risk among PWID observed in our study. One possible 
explanation for this low perceived risk is the concept of “risk multi
plexity”. Previous studies have suggested that the presence of multiple 
intersecting risk factors heightened individuals’ awareness of their 
vulnerability to HIV (Koku and Felsher, 2020). However, for some 
PWID, focusing on only one type of risk—such as injection-related 
risk—may lead to an underestimation of their overall HIV risk. 
Another contributing factor may be the success of harm reduction in
terventions, such as syringe service programs (SSPs), which have been 
associated with significant reduction in HIV transmission among PWID 
(Fernandes et al., 2017; Platt et al., 2017). Over time, this reduction in 
HIV transmission rates may be accompanied by low perception of HIV 
risk. However, in the absence of high coverage of harm reduction or HIV 
prevention services, the introduction of HIV into networks of PWID was 
found to be associated with rapid spread of HIV among PWID as illus
trated by recent outbreaks in Indiana and West Virginia (Atkins et al., 
2020; Conrad et al., 2015; Furukawa et al., 2022). A third potential 
reason for low perceived risk may relate to how HIV prevention efforts 
have evolved over the years. While network-based interventions among 
PWID to promote behavior changes or increase PrEP uptake have been 
on the rise, PrEP marketing, education programs or campaigns aimed at 
improving risk perception and PrEP use have historically been contex
tualized to sexual and gender minority groups (Bazzi et al., 2018). This 
type of marketing could be a potential barrier to PrEP uptake among 
PWID at high risk of HIV as qualitative data from Boston and Providence 
reveals that participants often link PrEP with being MSM (Biello et al., 
2018). Indeed, these traditional approaches at PrEP marketing may not 
adequately address the needs of PWID who only face injection-related 
risks. Our findings suggest that behavior change programs focused on 
HIV risk may need to be expanded to include tailored PrEP messaging 
related to risky injection behavior and contextualized to PWID.

In our analysis, the significant association between perceived HIV 
risk among PWID and unwillingness to use PrEP is consistent with prior 
data. For instance, although not restricted to PrEP eligible PWID, a study 
in Connecticut revealed that individuals with higher perceived HIV risk 

Table 2 
Association of PrEP indication category with lower than and about average HIV Risk perception relative to higher-than-average perceived risk of HIV infection.

HIV risk perception among PWIDa

Lower-than-average 
risk perception

About average 
risk perception

OR 95 % CI aORb 95 % CI OR 95 % CI aORb 95 % CI

PrEP Indication category ​ ​ ​ ​ ​ ​ ​ ​ ​
Any sexual risk ref - ​ ​ ​ ref ​ ​ ​
Injection risk only 2.80* 1.70 – 4.61 2.75* 1.60 – 4.73 ​ 1.04 0.68 – 1.61 0.83 0.53 – 1.32
Age ​ ​ 1.02 0.99 – 1.04 ​ ​ ​ 0.99 0.97 – 1.02
Race ​ ​ ​ ​ ​ ​ ​ ​ ​
White ref - - - ​ ref - - -
Black ​ ​ 1.45 0.78 – 2.72 ​ ​ ​ 0.74 0.45 – 1.24
Others ​ ​ 2.50 0.87 – 7.24 ​ ​ ​ 0.77 0.27 – 2.26
Birth sex ​ ​ ​ ​ ​ ​ ​ ​ ​
Male ref - - - ​ ref - - -
Female ​ ​ 0.63 0.38 – 1.05 ​ ​ ​ 0.62* 0.39 – 0.98
Educational level ​ ​ ​ ​ ​ ​ ​ ​ ​
Less than High School ref - - - ​ ref - - -
High school and above ​ ​ 1.27 0.78 – 2.08 ​ ​ ​ 0.86 0.54 – 1.36
Sexual orientation ​ ​ ​ ​ ​ ​ ​ ​ ​
Heterosexual ref - - - ​ ref - - -
Homosexual/Bisexual/Other ​ ​ 1.70 0.78 – 3.70 ​ ref ​ 0.47 0.22 – 1.02

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence intervals; ref, reference group
a Lower-than average and about average risk perception compared to higher-than-average HIV risk perception
b Multinomial logistic regression adjusted for age, race, birth sex, sexual orientation, educational level
* Significant P value: <0.05

Table 3 
Association of HIV risk perception and unwillingness to use PrEP.

PR 95 % CI adjusted 
PRa

95 % CI

HIV Risk perception ​ ​ ​ ​
Higher-than-average risk ref - - -
About average risk 0.76 0.44 – 1.32 0.75 0.43 – 1.32
Lower-than-average risk 1.93* 1.23 – 3.01 1.90* 1.20 – 3.02
Age ​ ​ 0.99 0.96 – 1.01
Race ​ ​ ​ ​
White ref ​ ​ ​
Black ​ ​ 1.40 0.77 – 2.55
Others ​ ​ 1.52 0.70 – 3.30
Birth sex ​ ​ ​ ​
Male ref ​ ​ ​
Female ​ ​ 1.10 0.73 – 1.66
Educational level ​ ​ ​ ​
Less than High School ref ​ ​ ​
High school and above ​ ​ 1.21 0.79 – 1.86
Sexual orientation ​ ​ ​ ​
Heterosexual ref ​ ​ ​
Homosexual/Bisexual/ 
Other

​ ​ 0.62 0.30 – 1.28

Abbreviations: PR, prevalence ratio; CI, confidence intervals; ref, reference 
group

a Log-binomial regression adjusted for age, race, birth sex, sexual orientation, 
educational level

* Significant P value: <0.05
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were over twice as likely to be willing to initiate PrEP, compared to 
those with no perceived risk for HIV (Ni et al., 2021). Similarly, another 
study in Connecticut among people with opioid use disorder enrolled in 
a methadone program found this likelihood to be four to eight times 
higher (Shrestha et al., 2017). Prior research suggests that while in
terventions such as receipt of sterile syringes from SSPs may contribute 
to this low perceived HIV risk by mitigating needle sharing, PWID 
frequently engaged in high-risk behaviors, such as needle sharing and 
condomless sex, when faced with pressing socioeconomic and psycho
logical needs (Biello et al., 2018). Therefore, consistent messaging is 
critical to ensure that PWID are accurately aware of their HIV risks. 
Taken together, these findings underscore the importance of accurate 
risk perception on willingness to use PrEP among PWID.

Our finding of low PrEP awareness (35 %) is consistent with an 
earlier survey among PWID accessing SSP services in Baltimore, where 
only 28 % of respondents eligible for PrEP were aware of PrEP (Sherman 
et al., 2019). Though not specifically among PWID eligible for PrEP, data 
from the CDC National HIV Behavioral Surveillance system estimates 
that in 2022, 35 % of PWID sampled across 20 US cities were aware of 
PrEP. Unfortunately, among those aware of PrEP, only a small number of 
participants had discussed PrEP with a health professional, suggesting 
missed opportunities for linkage to PrEP among PWID. Multiple factors 
across socioecological levels including competing health needs and 
other priorities that arise due to drug use or dependence, PrEP-related 
stigma and concerns of medication side effects, may all contribute to 
this gap (Biello et al., 2018). Further, previous data suggest that 
provider-related factors including provider knowledge about PrEP, 
attitude towards PWID, implicit bias and prescription practices are po
tential barriers to PrEP care for PWID (Biello et al., 2018; Dubov et al., 
2023). In a quantitative study conducted in San Francisco, only 15 % of 
the 340 PWID who had seen a health provider in the past 12 months 
reported discussing PrEP (Vincent and McFarland, 2022). In another 
study among PWID accessing mobile syringe exchange program services 
in New Jersey, barriers to PrEP use included partner disclosure issues 
(51 %), lack of health insurance (33 %) and feelings of embarrassment 
(45 %) or anxiety (52 %) (Roth et al., 2018). Consequently, it is un
surprising that we found low PrEP use among participants in our study 
which also aligns with data from a review by Mistler et al., where PrEP 
uptake ranged from non-existent to 3 % among PWID (Mistler et al., 
2021). Our data suggest that gaps persist across stages of the PrEP care 
cascade, ranging from factors contributing to inaccurate perceived HIV 
risk to those preventing PrEP use.

While the majority of PWID in our study expressed willingness to use 
PrEP, data among MSM suggests that willingness to use PrEP differs 
from the intention to use PrEP (Rendina et al., 2017). This discrepancy 
may be another potential reason for low PrEP uptake in our study. We 
recognize that increased risk perception or willingness to use PrEP alone 
may not be sufficient to change behavior that is required to improve 
PrEP uptake. Thus, longitudinal studies may be needed to explore the 
association between risk perception, willingness to use PrEP and actual 
PrEP use among PWID.

There are key limitations to consider from our study. First, due to the 
cross-sectional design of our study, causality cannot be established be
tween PrEP indication category and HIV risk perception or between HIV 
risk perception and willingness to use PrEP. Second, our study design 
involving the use of self-reported measures for assessing main study 
outcomes was susceptible to social desirability and recall bias. While the 
outcome and exposure measures used in this study are based on prior 
research, the lack of a validated measure for risk perception and will
ingness to use PrEP is a limitation. In addition, the categorization of risk 
perception and willingness in our analysis simplifies the complexity of 
these measures. This approach may not capture the nuanced ways in 
which individuals assess their risk or willingness to use PrEP and may 
oversimplify the diversity of experiences among participants. Lastly, the 
study sample was recruited adjacent to SSP sites which might affect the 
generalizability of the findings to all PWID. Given that this setting may 

attract individuals who are more likely to engage with harm reduction 
services, our sample might not reflect the broader population of PWID, 
particularly those who are less connected to health or harm reduction 
services.

5. Conclusion

Overall, our findings suggest that considerable gaps still exist across 
the PrEP cascade among PWID. Strategies such as tailored PrEP 
messaging depicting the experiences of PWID and benefit of PrEP for 
HIV prevention among PWID may improve perception of HV risk from 
drug use among PWID. Examples include educational campaigns such as 
infomercials, posters or brochures on social media, websites, or at lo
cations PWID access services such as SSPs. In addition, approaches that 
leverage information sharing within social networks of PWID may be 
effective in spreading accurate information about HIV risk and utility of 
PrEP for PWID. Indeed, drug use HIV risk perception may be critical to 
improving PrEP uptake among PWID.
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