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Background. Sixty-eight percent of the nearly 3.5 million people living with hepatitis C virus (HCV) in the United States are 
people who inject drugs (PWID). Despite effective treatments, uptake remains low in PWID. We examined the social determinants 
of health (SDoH) that affect the HCV care cascade.

Methods. We conducted a secondary analysis of data from 720 PWID in a cluster-randomized trial. We recruited PWID from 
12 drug-affected areas in Baltimore. Inclusion criteria were injection in the prior month or needle sharing in the past 6 months. 
Intake data consisted of a survey and HCV testing. Focusing on SDoH, we analyzed self-report of (1) awareness of HCV 
infection (in those with active or previously cured HCV) and (2) prior HCV treatment (in the aware subgroup). We used 
descriptive statistics and logistic regression for statistical analyses.

Results. The 342 participants were majority male and Black with a median age of 52 years. Women were more likely to be aware 
of their status but less likely to be treated. Having a primary care provider and HIV-positive status were associated with increased 
awareness and treatment. Unhoused people had 51% lower odds of HCV treatment. People who reported that other PWID had 
shared their HCV status with them had 2.3-fold higher odds of awareness of their own status.

Conclusions. Further study of gender disparities in HCV treatment access is needed. Increased social support was associated 
with higher odds of HCV treatment, suggesting an area for future interventions. Strategies to identify and address SDoH are needed 
to end HCV.
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An estimated 3.5 million people live with hepatitis C virus (HCV) 
infection in the United States [1]. HCV incidence dramatically re-
bounded from 2010 to 2019 [2] largely due to the exacerbation of 
the opioid epidemic [3]. Highly effective direct-acting antiviral 
treatments have created a renewed sense of optimism in the fight 
to eliminate HCV. Although the Viral Hepatitis National 
Strategic Plan aims to eliminate viral hepatitis by 2030 [4], current 
projections show that the United States may not achieve this even 
by 2050 [5, 6]. The high cost of direct-acting antiviral therapeutics 

has been an obstacle, as well as barriers that prevent individuals 
from accessing and completing treatment [7–9].

It is estimated that only 55.6% of people living with HCV in 
the United States are aware of their HCV status [10]. Injection 
drug use drives new HCV infections and is an important barri-
er to HCV treatment. HCV elimination is not feasible without 
effective approaches to treating HCV in people who inject 
drugs (PWID). Social determinants of health (SDoH) are 
nonmedical factors that influence health outcomes, defined as 
“the wider set of forces and systems shaping the conditions of 
daily life” [11]. In this study, we evaluated the impact of 
SDoH on the HCV care cascade (HCV awareness and treat-
ment) in PWID in Baltimore City, one of the highest prevalence 
cities in the United States, with 384.9 HCV cases per 100 000 
[12]. Identifying the role of SDoH on HCV treatment is critical 
to develop strategies to eliminate HCV.

METHODS

This is a secondary analysis of baseline data from the INSITE 
study (ClinicalTrials.gov NCT03567174), a cluster-randomized 
trial evaluating the impact of an integrated care van on use of 
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evidence-based services among PWID. Participants were re-
cruited from 12 neighborhood sites in Baltimore City (enroll-
ment target, 60/site) that were served by the city’s mobile 
syringe service program. Eligibility criteria were age ≥18 years 
and injection drug use on ≥4 days in the prior 30 days or self- 
reported needle/syringe sharing in the prior 6 months.

At baseline, participants completed an interviewer- 
administered survey and provided blood and urine samples for 
biomarker testing, including HCV antibody and HCV RNA. 
The questionnaire covered the following domains: sociodemo-
graphics, substance use, alcohol use (Alcohol Use Disorders 
Identification Test–Consumption), drug-using network, overdose 
history, injection practices, sexual transmission risk behaviors, 
depression, quality of life (SF-12), social support, and health 
care and social services utilization (Supplementary Table 1). 
Participants provided written informed consent, and the study 
was approved by the Johns Hopkins Medicine Institutional 

Review Board and by a public health review of the Baltimore 
City Health Department.

Study Questions and Protocol for Categorizing HCV Status

We conducted 2 analyses aimed at identifying factors associat-
ed with (1) awareness of HCV infection and (2) prior HCV 
treatment (Figure 1). For both analyses, we excluded partici-
pants who were HCV seronegative (n = 289) and those who 
were HCV seropositive who likely cleared their HCV infection 
spontaneously (HCV seropositive with an undetectable HCV 
RNA and no history of HCV treatment, n = 89) for a total of 
378 excluded individuals.

For the analysis of HCV awareness, we included individuals 
with chronic HCV infection (HCV RNA >15 IU/L) and partic-
ipants with evidence of previously treated HCV (HCV antibody 
positive with RNA <15 IU/L and self-reported HCV treat-
ment). The primary outcome—awareness of HCV infection— 

Figure 1. Selection of study participants for analyses of HCV awareness and treatment. HCV, hepatitis C virus.
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was based on an affirmative response to the question “Have you 
ever tested positive for hepatitis C or been told you were infect-
ed with hepatitis C?”

In the analysis of prior HCV treatment, we included (1) 
participants with HCV viremia who were aware of their posi-
tive status and (2) participants who were HCV seropositive 
and reported HCV treatment irrespective of HCV RNA. 
Consequently, this analysis included individuals who were 
aware of their status and would have the opportunity to seek 
and receive treatment. The primary outcome for this analysis 
—HCV treatment—was based on the question “Have you 
ever received treatment for your hepatitis C?”

The US Department of Health and Human Services groups 
SDoH into 5 domains: economic stability, education access and 
quality, health care access and quality, neighborhood and built 
environment, and social and community context. We added 
additional categories tailored to include SDoH commonly expe-
rienced by PWID. We defined our SDoH categories as follows: 
linkage to medication for opioid use disorder (MOUD) pro-
grams, employment/income, social support, health care access, 
health-related stigma, educational level, housing, and contact 
with the carceral system.

Rationale for and Definitions of Explanatory Variables

We included demographic characteristics (age, sex, race) as 
explanatory variables. Next, we selected questions from the 
baseline survey that captured different SDoH dimensions 
(Supplementary Table 2). 

Linkage to MOUD programs: MOUD has been associated 
with higher HCV cure rates among PWID treated with 
direct-acting antivirals [13]. We asked participants if they 
were currently engaged in a buprenorphine- or methadone- 
based MOUD program.

Employment/income: Adequate income is linked to greater 
health care access and social stability [14, 15]. We asked par-
ticipants if they worked for pay and how much money they 
earned from work in a month.

Social support: Individuals with broader social networks are 
more likely to feel supported while making health care deci-
sions [16, 17]. We asked participants about their marital sta-
tus and to estimate the number of close friends or relatives 
that they feel comfortable talking with.

Health care access: HCV treatment success depends on access 
and engagement with health services. We asked participants 
whether they were enrolled in health insurance and had a 
primary care provider (PCP) and, if so, how many times 
they had been seen within the past 6 months. We also asked 
about the frequency of emergency department use and/or 
hospitalization in the past 6 months.

Health-related stigma: The presence of stigma negatively affects 
engagement in health care [18, 19]. We asked participants if 

they had disclosed their drug use to their primary care phy-
sician, felt the need to hide their HCV status from people 
with whom they use drugs, and would be willing to discuss 
treatments for HCV with people with whom they use drugs. 
We also asked participants if any drug use network member 
had disclosed an HCV-positive status to them.

Educational level: Educational level correlates with greater 
health literacy, which can influence treatment adherence 
[20]. We asked participants how much schooling they had 
completed.

Housing: Stable living conditions can increase the likelihood of 
sustained engagement in health care [21, 22]. We asked 
whether participants had a place to live and, if so, whether 
they currently owned or rented their homes or were staying 
with someone else and how long they had been in their cur-
rent dwelling place. Responses were categorized as follows: 
stable (owning or renting a place), unstable (staying tempo-
rarily with a friend or family member or in a drug treatment 
program/residential facility), and undomiciled (living in the 
streets or in a shelter).

Contact with the carceral system: Incarcerated individuals are at 
a higher risk for chronic disease and have greater rates of 
economic and housing instability [19, 23]. We asked partic-
ipants if they had ever been in jail or prison for >3 days at a 
time and when was the last time that they had been in a jail 
or prison.

Laboratory Testing

Biosamples were tested for HCV antibody (Roche Cobas 
e801 analyzer with anti-HCV Generation II reagent; Roche 
Diagnostics), with reflex testing of HCV RNA if seropositive 
(Abbott RealTime HCV viral load kit, Abbott Laboratories; 
Roche Cobas 6800 with Roche Cobas reagent, Roche Diagnostics).

Statistical Analysis

We used contingency tables to assess factors associated with 
awareness of HCV positivity. We used chi-square and t tests 
to compare categorical and continuous variables. Next, we 
used logistic regression with odds ratios and 95% CIs in bivari-
ate and multivariate models. Multivariate models included stat-
istically significant (P < .05) covariates in bivariate analyses, as 
well as age, race, and gender, irrespective of their statistical sig-
nificance in bivariate analyses. We followed the same approach 
for the analysis of prior HCV treatment in participants who 
were infected and aware of their HCV-positive status. The anal-
ysis was conducted with RStudio version 2023.12.0 (an inte-
grated development environment for a programming 
language for statistical computing and graphics).

RESULTS

Of 720 participants recruited between June 2018 and August 
2019, 342 were included in the analysis (Table 1). Participants 
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were mainly Black or African American and male. An overall 
67.6% were HCV seropositive and 17.3% were HIV seropositive. 
Most participants (52.7%) reported daily injection drug use, with 
approximately one-third (34.0%) injecting ≥5 times daily, and 
67.0% shared a needle/syringe in the prior 6 months. Over 
98.9% reported heroin use, 82.2% cocaine use, and 74.0% speed-
ball use (concurrent heroin and cocaine). When compared with 
the 378 excluded participants, those who were included had a 
higher HIV prevalence (17.3% vs 6.1%) and a higher rate of re-
ceptive needle sharing (67.0% vs 49.0%). They also had higher 
levels of engagement in MOUD programs (41.9% vs 31.3%) 
and syringe exchange programs (78.7% vs 64.5%; 
Supplementary Table 3).

Factors Associated With Awareness of HCV-Positive Status

Table 2 shows factors associated with HCV status awareness 
among the 342 participants with chronic HCV who may or 
may not have been treated previously. Women, people living 
with HIV, and those with a PCP were more likely to be aware 
of their HCV status. Participants who reported that other peo-
ple who use drugs had confided their HCV-positive status with 
them were also more likely to be aware of their own status, as 
were those who had lived in their current domicile for <6 
months and those who were unemployed.

We found no significant relationship between age, race, 
or enrollment in an MOUD program and HCV awareness 
status. Regarding support systems, there was no significant 

Table 1. Baseline Characteristics of People Who Inject Drugs Recruited 
in Baltimore, Maryland, Between June 2018 and August 2019 (N = 342)

Baseline Characteristics No. (%) or Median (IQR)

Gendera

Men 221 (64.7)

Women 121 (35.4)

Age, y 52 (40–57)

Race

Black or African American 231 (67.6)

White 96 (28.1)

Other b 15 (4.4)

Sexual identity

Heterosexual 315 (92.2)

Nonheterosexual 27 (7.9)

HIV status c

Seronegative 283 (82.8)

Seropositive 59 (17.3)

HCV status

Seronegative …

Seropositive with undetectable HCV RNA

Treated 54 (37.8)

Cleared …

Seropositive with detectable HCV RNA

Treated 32 (11.1)

Not treated 256 (88.9)

Marital status

Married 39 (11.5)

Never married 216 (63.2)

Divorced/separated, widowed 87 (25.5)

At-risk alcohol use d

Low risk 149 (43.6)

Moderate or high risk 193 (56.5)

Educational level

Less than high school graduate 135 (39.5)

High school graduate or GED 131 (38.4)

College or beyond 76 (22.3)

Work for pay

No 308 (90.1)

Yes 34 (10)

Injection drug use–related characteristics

Frequency of injection

Daily 180 (52.7)

Less than daily 162 (47.4)

Days injected in prior 30 d 30 (23.5–30)

Injection events per day

<5 226 (66.1)

≥5 116 (34)

Drugs injected in the prior 6 mo

Cocaine

Yes 281 (82.2)

No 61 (17.9)

Heroin

Yes 338 (98.9)

No 4 (1.2)

Speedball (concurrent heroin and cocaine)

Yes 253 (74)

No 89 (26.1)

Table 1. Continued  

Baseline Characteristics No. (%) or Median (IQR)

Prescription opioids

Yes 77 (22.6)

No 265 (77.5)

Fentanyl

Yes 83 (24.3)

No 259 (75.8)

Needle/syringe used after someone else in prior 6 
m

No 113 (33.1)

Yes 229 (67)

Currently on a buprenorphine/methadone program

No 199 (58.2)

Yes 143 (41.9)

Used syringe service program in last 6 mo

No 73 (21.4)

Yes 269 (78.7)

Abbreviation: HCV, hepatitis C virus.  
aTransgender individuals were included in their respective genders.  
bAsian, American Indian/Alaskan Native, Native Hawaiian or Pacic Islander, >1 race.  
cRapid point-of-care HIV test (INSTI HIV-1/HIV-2 Antibody Test; bioLytical Laboratories), with 
confirmatory testing in case of positive result.  
dAlcohol Use Disorders Identification Test–Concise.
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Table 2. Associations of Social Determinants of Health and Awareness of HCV Status Among Participants With HCV Viremia or Previous HCV Treatment 
(N = 342)

HCV Status Awareness Analysis, Odds Ratio (95% CI)

Not Aware (n = 91) Aware (n = 251) Univariate Multivariate

Baseline characteristics

Age, y 52 (40.5–56.5) 51 (40–57) 1.04 (.93–1.16)a 1.02 (.99–1.05)a

Genderb

Men 71 (32.2) 150 (67.9) 0.42 (.24–.72) 0.41 (.22–.74)

Women 20 (16.6) 101 (83.5) 1 [Reference] 1 [Reference]

Race

Black or African American 59 (25.6) 172 (74.5) 1 [Reference] 1 [Reference]

White 29 (30.3) 67 (69.9) 0.8 (.48–1.36) 0.90 (.45–1.79)

Otherc 3 (20) 12 (80) 1.38 (.42–6.18) 1.57 (.43–7.55)

HIV statusd

Nonreactive 84 (29.7) 199 (70.4) 1 [Reference] 1 [Reference]

Reactive 7 (11.9) 52 (88.2) 3.14 (1.46–7.83) 2.73 (1.19–7.15)

At-risk alcohol use

Low risk 46 (30.9) 103 (69.2) 0.69 (.42–1.11) …

Moderate or high risk 45 (23.4) 148 (76.7) 1 [Reference]

Injection frequency

Daily 47 (26.2) 133 (73.9) 1 [Reference] …

Less than daily 44 (27.2) 118 (72.9) 0.95 (.59–1.54)

Needle sharing, 6 mo 1 (1–2) 1 (1–2) 1.11 (.88–1.56)

Social determinants of health

Currently enrolled in a MOUD e program

No 54 (27.2) 145 (72.9) 1 [Reference] …

Yes 37 (25.9) 106 (74.2) 0.94 (.66–1.75)

Financial: work for pay

No 75 (24.4) 233 (75.7) 1 [Reference] 1 [Reference]

Yes 16 (47.1) 18 (52.9) 0.37 (.18–.76) 0.34 (.15–.76)

Support systems

Marital status

Married 15 (38.5) 24 (61.6) 0.61 (.28–1.37) …

Never married 52 (24.1) 164 (76) 1.21 (.68–2.1)

Divorced, separated, or widowed 24 (27.6) 63 (72.5) 1 [Reference]

Friends and/or relatives you can talk to

Below median (3) 30 (23.1) 100 (77) 1 [Reference] …

Above median (3) 61 (28.8) 151 (71.3) 1.35 (.82–2.26)

Health care utilization

Health insurance status

No 8 (30.8) 18 (69.3) 1 [Reference] …

Yes 83 (26.3) 233 (73.8) 1.25 (.5–2.9)

PCP

No 35 (34.4) 67 (65.7) 1 [Reference] 1 [Reference]

Yes 56 (23.4) 184 (76.7) 1.72 (1.04–2.85) 1.97 (1.10–3.58)

Visits to PCP in 6 mo 2 (1–4) 2 (1–4) 1.05 (.95–1.19) …

Emergency department in 6 mo

No 46 (24.4) 143 (75.7) 1 [Reference] …

Yes 45(29.5) 108 (70.6) 0.78 (.48–1.25)

Visits in 6 mo 2 (1–3) 2 (1–2) 1.03 (.97–1.21)

Hospitalization status in the last 6 mo

No 57 (24.8) 173 (75.3) 1 [Reference] …

Yes 34 (30.4) 78 (69.7) 0.76 (.46–1.26)

Days hospitalized in 6 mo 4 (2–6.8) 4 (3–9.8) 1.01 (1–1.04)

Stigma

Disclosure to PCP of injection drug use status

No 48 (34.1) 93 (66) 1 [Reference] …

Yes 43 (21.4) 158 (78.7) 1.84 (.86–3.83)

Other (not PCP)
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relationship between marital status or number of close 
friends or relatives and HCV status awareness. All factors 
associated with HCV awareness in univariate analysis re-
mained significantly associated in multivariable analysis 
(Table 2).

Factors Associated With HCV Treatment Among Those Aware of Their 
HCV-Positive Status

Among the 251 participants with chronic HCV who were aware 
of their status, 86 (34.3%) reported prior HCV treatment 
(Table 3), and among those treated, 54 (62.8%) had undetectable 
HCV RNA (Supplementary Table 3). There were several notable 
differences between the treated and untreated groups. Older par-
ticipants, males, people living with HIV, and Black or African 
American participants were more likely to be treated. Having a 

greater number of trusted friends was also associated with in-
creased treatment likelihood (41.1% vs 24.0%, P = .01).

Among the SDoH, stable housing status and having a PCP 
were associated with HCV treatment, and having health insur-
ance was associated with a higher likelihood of treatment that 
approached statistical significance. We did not find a statisti-
cally significant association between HCV treatment status 
and MOUD program enrollment, employment/income, sup-
port systems, stigma, educational level, or contact with the 
carceral system.

In multivariable analysis, factors associated with HCV treat-
ment were male gender (adjusted odds ratio, 2.6; 95% CI, 1.37– 
5.24), HIV-positive status (2.33; 95% CI, 1.15–4.84), and having 
a PCP (2.32; 95% CI, .99–5.91). White participants were less 
likely to report treatment than Black or African American 

Table 2. Continued  

HCV Status Awareness Analysis, Odds Ratio (95% CI)

Not Aware (n = 91) Aware (n = 251) Univariate Multivariate

Other drug users shared HCV-positive status with participant

No 39 (34.6) 74 (65.5) 1 [Reference] 1 [Reference]

Yes 52 (22.8) 177 (77.3) 1.8 (1.09–2.95) 2.27 (1.31–3.99)

Willingness to talk about HCV treatment f

Disagree 8 (34.8) 15 (65.3) 0.68 (.29–1.74) …

Neutral 2 (14.3) 12 (85.8) 2.17(.58–14.14)

Agree 81 (26.6) 224 (73.5) 1 [Reference]

Education

Less than high school graduate 34 (25.2) 101 (74.9) 1.07 (.56–2.01) …

High school and GED 37 (28.3) 94 (71.8) 0.91 (.48–1.71)

College and beyond 20 (26.4) 56 (73.7) 1 [Reference]

Housing

Housing status g

Stable 52 (29.4) 125 (70.7) 1 [Reference] …

Unstable 32 (24.5) 99 (75.6) 1.29 (.78–2.17)

Undomiciled 7 (20.6) 27 (79.5) 1.61 (.69–4.21)

Time in the current living place

<6 mo 14 (16.7) 70 (83.4) 1 [Reference] 1 [Reference]

≥6 mo 77 (29.9) 181 (70.2) 0.48 (.25–.87) 0.35 (.17–.67)

Contact with the incarceration system

Ever incarcerated

No 11 (27.5) 29 (72.5) 1 [Reference] …

Yes 80 (26.5) 222 (73.6) 1.06 (.49–2.16)

Last time incarcerated

30 d to 1 y 9 (18.8) 39 (81.3) 1 [Reference] …

>1 y/unknown 71 (28) 183 (72.1) 0.6 (.26–1.25)

Never 11 (27) 29 (72.5) 0.61 (.22–1.66)

Data are presented as No. (%) or median (IQR).  

Abbreviations: HCV, hepatitis C virus; MOUD, medication for opioid use disorder; PCP, primary care provider.  
aOdds ratio by 5-year age increase.  
bTransgender individuals were included in their respective genders.  
cAsian, American Indian/Alaskan Native, Native Hawaiian or Pacific Islander, >1 race.  
dRapid point-of-care HIV test (INSTI HIV-1/HIV-2 Antibody Test; bioLytical Laboratories), with confirmatory testing in case of positive result.  
eFood and Drug Administration–approved medication treatment options for opioid use disorder (methadone, buprenorphine, and naltrexone).  
fWillingness to talk about HCV treatment to people with whom the participant uses drugs.  
gHousing definition: stable, own my home (condo or house), renting an apartment/house (alone or with others) or a single room; unstable, staying with family or friends, in a drug treatment/ 
residential program, or in a shelter; undomiciled, homeless (living on street, park, abandoned building) or other.
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Table 3. Associations of Social Determinants of Health and HCV Treatment Status Among Participants With HCV Viremia or Previous HCV Treatment

Treatment Status (n = 251) Analysis, Odd Ratio (95% CI)

Not Treated (n = 165) Treated (n = 86) Univariate Multivariate

Baseline characteristics

Age, y 48 (38–56) 55 (50.2–60.8) 1.49 (1.29–1.75)a 1.03 (.98–1.07)a

Genderb

Men 85 (56.7) 65 (43.4) 2.93 (1.66–5.29) 2.64 (1.37–5.24)

Women 80 (79.3) 21 (20.8) 1 [Reference] 1 [Reference]

Race

Black or African American 94 (54.7) 78 (45.4) 1 [Reference] 1 [Reference]

White 59 (88.1) 8 (12) 0.17 (.07–.34) 0.37 (.13–.97)

Otherc 12 (100) 0 … …

HIV statusd

Nonreactive 142 (71.4) 5 (28.7) 1 [Reference] 1 [Reference]

Reactive 23 (44.3) 29 (55.8) 3.15 (1.69–5.94) 2.33 (1.15–4.84)

At-risk alcohol use

Low risk 70 (68) 33 (32.1) 0.85 (.5–1.44) …

Moderate or high risk 95 (64.2) 53 (35.9) 1 [Reference]

Injection frequency

Daily 95 (71.5) 38 (28.6) 1 [Reference] 1 [Reference]

Less than daily 70 (59.4) 48 (40.7) 1.72 (1.02–2.92) 1.10 (.59–2.04)

Needle sharing, 6 mo 1 (1–2) 1 (1–2) 1.09 (.89–1.34) …

Social determinants of health

Currently enrolled in a MOUDe program

No 99 (68.3) 46 (31.8) 1 [Reference] …

Yes 66 (62.3) 40 (37.8) 1.31 (.77–2.21)

Financial: work for pay

No 156 (67) 77 (33.1) 1 [Reference] …

Yes 9 (50) 9 (50) 2.03 (.77–5.39)

Support systems

Marital status

Married 19 (79.2) 5 (20.9) 0.36 (.11–1) …

Never married 110 (67.1) 54 (33) 0.66 (.37–1.2)

Divorced, separated, or widowed 36 (57.2) 27 (42.9) 1 [Reference]

Friends and/or relatives you can talk to

Below median (3) 76 (76) 24 (24) 0.46 (.26–.79) 0.76 (.39–1.46)

Above median (3) 89 (59) 62 (41.1) 1 [Reference] 1 [Reference]

Health care utilization

Health insurance status

No 16 (88.9) 2 (11.2) 1 [Reference] 1 [Reference]

Yes 149 (64) 84 (36.1) 4.52(1.25–28.97) 1.61 (.32–12.02)

Unknown/refused

PCP

No 59 (88.1) 8 (12) 1 [Reference] 1 [Reference]

Yes 106 (57.7) 78 (42.4) 5.43(2.59–12.89) 2.32 (.99–5.91)

Visits to PCP in 6 mo 2 (1–3) 2 (1–4) 1.07 (.98–1.19) …

Emergency department in 6 mo

No 87 (60.9) 56 (39.2) 1 [Reference] …

Yes 78 (72.3) 30 (27.8) 0.6 (.35–1.02)

Visits in 6 mo 2 (1–2.8) 1 (1–2) 1.04 (.99–1.17)

Hospitalization status in the last 6 mo

No 111 (64.2) 62 (35.9) 1 [Reference] …

Yes 54 (69.3) 24 (30.8) 0.8 (.45–1.41)

Days hospitalized in 6 mo 5.5 (3–13) 4 (3–7.3) 0.99 (.96–1.01)

Stigma

Disclosure to PCP injection drug use status

No 16 (61.6) 10 (38.5) 1 [Reference] …

Yes 90 (57) 68 (43.1) 1.21 (.53–2.92)
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participants (0.37; 95% CI, .13–.97). Age was not associated 
with HCV treatment in multivariate analysis, while the effect 
sizes for race and gender were only modestly attenuated. 
Additional associations between covariates of interest are pre-
sented in Supplementary Table 4.

Supplemental Analyses of Race and Sex Differences

Subgroup analysis demonstrated that women were signifi-
cantly less likely than men to have a PCP, among those aware 
of their chronic HCV (63.4% vs 80%, P = .01). Women gen-
erally had more adverse SDoH than men. As compared 
with men, women had fewer close friends/relatives, were 

less likely to work for pay, and were more likely to engage 
in sex work.

Comparison of demographic and SDoH variables by race 
showed that White participants had higher levels of 
social vulnerability. When compared with Black or African 
American participants, White participants were significantly 
more likely to be undomiciled and report daily injection drug 
use or transactional sex; they were less likely to have health in-
surance or a PCP; and they had lower levels of social connec-
tions (Table 4). Black or African American participants were 
significantly older than White participants (median age, 52 vs 
37 years; P = .01).

Table 3. Continued  

Treatment Status (n = 251) Analysis, Odd Ratio (95% CI)

Not Treated (n = 165) Treated (n = 86) Univariate Multivariate

Other (no PCP) 59 (88.1) 8 (12) … …

Hide HCV status among drug users

No 119 (65.8) 62 (34.3) 1 [Reference] …

Yes 46 (65.8) 24 (34.3) 1.01 (.56–1.78)

Disclosure of HCV status among drug users

No 48 (64.9) 26 (35.2) 1 [Reference] …

Yes 117 (66.2) 60 (33.9) 0.95 (.54–1.69)

Willingness to talk about HCV treatment f

Disagree 9 (60) 6 (40) 1.33 (.43–3.82) …

Neutral 7 (58.4) 5 (41.7) 1.42 (.41–4.6)

Agree 149 (66.6) 75 (33.5) 1 [Reference]

Educational level

Less than high school graduate 70 (69.4) 31 (30.7) 0.69 (.35–1.37) …

High school and GED 61 (64.9) 33 (35.2) 0.84 (.43–1.67)

College and beyond 34 (60.8) 22 (39.3) 1 [Reference]

Housing

Housing statusg

Stable 74 (59.2) 51 (40.8) 1 [Reference] 1 [Reference]

Unstable 66 (66.7) 33 (33.4) 0.73 (.42–1.26) 0.88 (.48–1.68)

Undomiciled 25 (92.6) 2 (7.5) 0.12 (.02–.42) 0.49 (.07–2.26)

Time in the current living place

<6 mo 49 (70) 21 (30) 1 [Reference] …

≥6 mo 116 (64.1) 65 (36) 1.31 (.73–2.41)

Contact with the incarceration system

Ever incarcerated

No 20 (69) 9 (31.1) 1 [Reference] …

Yes 145 (65.4) 77 (34.7) 1.19 (.53–2.85)

Last time incarcerated

30 d to 1 y 26 (66.7) 13 (33.4) 1 [Reference] …

>1 y/unknown 119 (65.1) 64 (35) 1.08 (.53–2.3)

Never 20 (69) 9 (31.1) 0.9 (.32–2.52)

Data are presented as No. (%) or median (IQR).  

Abbreviations: HCV, hepatitis C virus; MOUD, medication for opioid use disorder; PCP, primary care provider.  
aOdds ratio by 5-year age increase.  
bTransgender individuals were included in their respective genders.  
cAsian, American Indian/Alaskan Native, Native Hawaiian or Pacific Islander, >1 race.  
dRapid point-of-care HIV test (INSTI HIV-1/HIV-2 Antibody Test; bioLytical Laboratories), with pre- and posttest counseling.  
eFood and Drug Administration–approved medication treatment options for opioid use disorder (methadone, buprenorphine, and naltrexone).  
fWillingness to talk about HCV treatment to people with whom the participant uses drugs.  
gHousing definition: stable, own my home (condo or house), renting an apartment/house (alone or with others) or a single room; unstable, staying with family or friends, in a drug treatment/ 
residential program, or in a shelter; undomiciled, homeless (living on street, park, abandoned building) or other.
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DISCUSSION

With a focus on SDoH, we examined factors associated with 
HCV awareness and treatment in a community-based sample 
of PWID in Baltimore, Maryland. We used street-based recruit-
ment from 12 neighborhoods in Baltimore, and demographic 
factors (age, sex, race, education) were quite similar to those 
of the long-running ALIVE study (AIDS Linked to the 
Intravenous Experience) [24].

We found that women were more likely to be aware of their 
HCV status but less likely to have been treated. There was no 
difference in HCV awareness by race or age, but White 
PWID were less likely to be treated, as were those experiencing 
homelessness. Not surprising, access to care, health insurance, 
and social support were associated with increased HCV aware-
ness and treatment.

Increased awareness of chronic HCV among women as com-
pared with men may be due to gynecologic or obstetric care, as 
the current guidelines of the Infectious Diseases Society of 
America recommend universal HCV screening in women 
with each pregnancy [25]. Despite greater awareness of HCV 
status, however, women were less likely to be treated. Other 
studies have also documented gender disparities in HCV treat-
ment [26, 27]. This may be related to gender-based barriers to 
care (in our sample, women were less likely to have a PCP), 
lower economic and educational opportunities, caregiving re-
sponsibilities, or increased burden of stigma for women who 

inject drugs, among others. Women in our sample were more 
likely to engage in sex work than men, suggesting a significant 
level of social vulnerability.

While there were no differences in HCV awareness by race, 
White PWID were less likely than Black/African American 
PWID to have been treated for HCV. This finding was unex-
pected given that Black or African Americans in the United 
States have higher rates of medical neglect and adverse SDoH 
than White people [28]. In our sample, however, we found 
that White PWID were more likely than Black/African 
American PWID to have characteristics that have been identi-
fied as barriers to treatment, such as younger age, lower HIV 
coinfection, higher frequency of injection drug use, higher un-
employment, less access to PCP or health insurance, smaller so-
cial networks, and more homelessness [29, 30]. These findings 
are consistent with other studies noting that White PWID are 
less likely to have an HCV care provider [31]. In addition, these 
findings may reflect the large shift in the demographics of 
PWID over the past decade, with a disproportionate increase 
in injection drug use among White people [32, 33].

Lower health-related stigma, assessed by willingness among 
peer networks to share information regarding their HCV sta-
tus, was associated with higher HCV awareness. Others have 
identified stigma as an important factor in HCV treatment 
seeking [34]. As expected, greater levels of social support 
were associated with higher levels of HCV awareness and treat-
ment. In contrast, homelessness was associated with a much 
lower likelihood of HCV treatment. Housing instability has 
been linked to up to 20% of HIV and HCV transmission glob-
ally, and people experiencing homelessness are much more 
likely to have poor health outcomes and be less connected to 
health care [21, 35].

Interestingly, time lived in the current place <6 months was 
associated with greater HCV status awareness when compared 
with individuals who had resided in the same place for ≥6 
months (83.4% vs 72.2%). We speculate that, similar to 
unemployment, unstable housing may increase likelihood of 
participation in community-based HCV testing initiatives. 
However, as we tested for associations with multiple variables, 
it is possible that the observed association between time in cur-
rent residence and HCV awareness was spurious.

Although attenuated in the multivariate model, older age was 
strongly associated with HCV treatment in univariate analysis, 
a finding that is consistent with prior reports [36, 37]. Older age 
correlates with a reduction in risk behaviors and increased so-
cial stability, which increases treatment access and success for 
HCV and HIV [38]. In addition, as HCV infection is asymp-
tomatic for a prolonged period, a length time bias is likely as 
older individuals have more opportunity to be treated [39].

People living with HIV were more likely to be aware of their 
HCV status and treated. This is not surprising as people living 
with HIV are usually linked to health services and HCV 

Table 4. Subgroup Analysis of Awareness of HCV Status Among 
Participants With HCV Viremia or Previous HCV Treatment by Race

People Asked About 
Awareness of Their HCV 

Status (n = 342)

Factor Black Non-Black
P 

Value

Total 231 (67.6) 111 (32.5) …

Age, y 55 (50–59) 38 (33–47) .01

Female 76 (33) 45 (40.6) .21

HIV positive 53 (23) 6 (5.5) .01

Daily injection drug use 105 (45.5) 75 (67.6) .01

Currently in a MOUD programa 92 (39.9) 51 (46) .34

Working for pay 25 (10.9) 9 (8.2) .56

Have insurance 220 (95.3) 96 (86.5) .01

Have a PCP 177 (76.7) 63 (56.8) .01

Friends/relatives you can talk to (≥3) 159 (68.9) 53 (47.8) .01

Currently undomiciled 5 (2.2) 29 (26.2) .01

Disclosure of HCV status among drug 
users

140 (60.7) 89 (80.2) .01

Exchange for money, drugs, or other 
goods for sex

77 (33.4) 46 (41.5) .18

Data are presented as No. (%) or median (IQR).  

Abbreviations: HCV, hepatitis C virus; MOUD, medication for opioid use disorder; PCP, 
primary care provider.  
aFood and Drug Administration–approved medication treatment options for opioid use 
disorder (methadone, buprenorphine, and naltrexone).
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treatment is prioritized in people who are coinfected due to in-
creased risk of liver disease progression [38]. In addition, early 
in the era of direct-acting antiviral policy, choices affected HCV 
care. Coverage for treatment was available for individuals who 
were coinfected regardless of liver damage but was restricted by 
fibrosis score for individuals who were HCV monoinfected. As 
expected, we found that access to a PCP was associated with in-
creased HCV awareness and treatment but, unfortunately, en-
gagement in MOUD programs was not. The absence of an 
association between MOUD and HCV treatment is a missed 
opportunity to provide integrated HCV and SUD treatment 
in a “1-stop shop.”

This study has strengths and weaknesses. Our recruitment 
strategy allowed us to assess the HCV care cascade in a 
community-based sample of PWID who may not access 
facility-based studies or health services. We relied on self- 
report for outcome and explanatory variables. However, 
HCV and HIV status was confirmed by testing biosamples 
from all participants. Our study was subject to potential recall 
bias, social desirability bias, and temporal bias. In addition, this 
study was conducted in a single US city, and the findings may 
not generalize to other settings.

CONCLUSION

In this sample of PWID from an urban setting, we found dis-
parities in HCV status awareness and treatment related to 
SDoH. Social determinants are foundational drivers of health 
outcomes, and our findings call for efforts to strengthen pro-
grams targeted to improve the health of PWID, including ad-
dressing their social determinants, such as housing and 
access to care.

Perhaps most notably, while a higher proportion of 
women were aware of their HCV diagnosis than men, they 
were far less likely than men to have obtained treatment 
(Supplementary Table 4). Also unexpected was that despite 
what we know about racial inequities in access to health care, 
African American and Black people were more likely to have 
received HCV treatment than White people (Table 4). 
Women and White PWID were more marginalized than men 
and Black/African American PWID in our study, which corre-
lated with lower rates of HCV treatment. In direct comparison, 
White PWID differed from Black PWID across multiple factors 
that have historically been identified as barriers to HCV treat-
ment—younger age, more frequent injection, poorer social 
support, unstable housing, and absence of health insurance 
or PCP.

Further study of gender disparities in HCV treatment access 
is needed. Notably, increased social support was associated 
with higher odds of HCV treatment, suggesting an area for fu-
ture interventions. Models of care that provide comprehensive 
services—such as housing support, medical care including 

primary care and infectious disease services, as well as integrat-
ed harm reduction services—should be expanded. Finally, en-
gagement in an MOUD program was not associated with 
increased odds of HCV treatment, suggesting a missed oppor-
tunity for HCV treatment that should be explored further.
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