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Abstract Housing status affects drug using behaviors,
but less is known about the relationship between hous-
ing patterns and hepatitis C virus (HCV) infection.
HCV-negative young people who inject drugs (PWID)
were enrolled into a prospective cohort (2003–2019)
with quarterly study visits. We used Cox regression to
estimate the independent association of recent housing
status (housed vs. unhoused, housing stability, and
housing trajectory) on HCV incidence. Among 712
participants, 245 incident HCV infections occurred over
963.8 person-years (py) (cumulative incidence 24.4/100
py). An inverse relationship between time housed and
HCV incidence was observed (always unhoused 45.0/
100 py, 95% confidence interval (CI) 37.1, 54.5; vari-
ably housed 18.0/100 py, 95%CI 15.0, 21.3; and always
housed 7.0/100 py, 95%CI 3.0, 17.3). In Cox regression

models controlling for confounders, those unhoused
versus housed at baseline had a 1.9-fold increased in-
fection risk (95% CI 1.4, 2.6). Those always unhoused
versus always housed had a 1.5 times greater risk of
HCV (95% CI 1.0, 2.3), and those spending a portion of
time in stable housing a lower risk (adjusted relative
hazard 0.05, 95% CI 0.3, 0.9) with a similar trend for
those being housed for less time. Young adult PWID
experiencing both recent and chronic states of being
unhoused are at elevated risk for HCV infection.
Importantly for this group of PWID, our findings indi-
cate that some frequency of residential housing signifi-
cantly reduces HCV infection risk.
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Introduction

Housing offers more than a physical space to live.
Housing offers people security, privacy, and the possi-
bility to create relationships [1]. In contrast, being un-
housed can introduce stress and increase social and
physical vulnerability [2–4]. Housing therefore is con-
sidered a key social determinant of health [5].

Studies have shown that unhoused populations expe-
rience worse health outcomes. A study of people enter-
ing a New York City homeless shelter found residents
had higher rates of medical illness, psychopathology,
and substance use disorders when compared with a
general population of similar age [6]. Another study in
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Los Angeles County reported lower cancer screening
rates among adults experiencing homelessness com-
pared with the general California population, despite
having higher rates of cancer risk factors [7]. In repro-
ductive health, homelessness and frequent relocation
have been associated with higher risk for low birth
weight [8, 9]. For people living with HIV, homelessness
has been associated with delayed HIV care access,
poorer HIV medical care, and lower adherence to anti-
retroviral therapy [3]. Receiving housing assistance is
associated with having health insurance, translating to
increased medical treatment access, reduced medical
service access for acute conditions, and improved de-
pressive symptoms [10, 11].

Housing may also impact substance use behavior. A
study of chronically homeless individuals with alcohol
problems found that a “Housing First” approach—here
individuals were provided permanent supportive hous-
ing and opportunities (but no requirement) for substance
use support—reported alcohol dependence symptoms
decreased by 4% every 3 months [12]. Another Seattle
“Housing First” study found that services costs (includ-
ing hospital-based medical services, substance use treat-
ment, days incarcerated, shelter use, and Medicaid-
funded services) more than halved after 12 months of
housing assistance resulting in an average overall de-
crease in costs of $2450 per person per month [13].

A health outcome for which housing may be partic-
ularly relevant is hepatitis C virs (HCV) infection. HCV
prevalence among adults experiencing homelessness in
the USA is an estimated 14.7%, compared with 1.5%
among the non-homeless US population [14]. HCV
prevalence and homelessness have also been linked to
injection drug use. HCV infection rates are dispropor-
tionately high among US adults who inject drugs
(PWID), with San Francisco–based studies estimating
that 42% of PWID have chronic HCV infection [15].
People experiencing homelessness are disproportionate-
ly more likely to inject drugs, with more than a third of
all adults who stay in shelters having chronic substance
use issues in 2010 [16].

Studies on acquisition and transmission of HCV
infection among PWID frequently include housing sta-
tus as a baseline measure of demographic characteristics
or as an adjustment covariate in regression models
[17–19], limiting the interpretation of the association
of housing on HCV infection risk. To our knowledge,
only one study of PWID in Vancouver, Canada, exam-
ined the relationship between housing as a primary

exposure and HCV seroconversion [20]. Results dem-
onstrated that people experiencing recent housing insta-
bility had a nearly 50% higher hazard for incident HCV
than those who were stably housed, controlling for
injection drug use. This study provided valuable evi-
dence to establish a connection between recent housing
and HCV seroconversion, but focused on one moment
within one’s larger housing trajectory. Limiting analy-
ses to recent housing type may miss the association
between chronic homelessness or changes in housing
trajectories and HCV infection. Homelessness and fre-
quent transitions are more common for highly margin-
alized populations like PWID. Furthermore, looking
only at one housing time point may not capture the
additive influence of being homeless [21, 22]. In sum,
a binary measure of recent homelessness at a single time
point may not capture the dimensionality and fluidity of
housing experiences that impact the individuals at
highest risk for HCV.

This study aims to explore the relationship between
housing and incident HCV infection among PWID liv-
ing in San Francisco, CA, a city experiencing a housing
affordability crisis exacerbating homelessness rates
[23], and the presence of a burgeoning HCV epidemic
disproportionately affects PWID [15]. We constructed
four measures of housing: housing status, housing sta-
bility, housing trajectory, and percent-time housed (pro-
portion of participant response data indicating being
recently unhoused). We hypothesize that both recent
housing (as reflected by housing status and housing
stability) and chronic housing (as reflected by housing
trajectory and percent-time housed) increased risk for
HCV infection, with chronic housing having a stronger
association with HCV infection risk. Our study used
longitudinal data from a prospective cohort of young
adult PWID in San Francisco of HCV acquisition and
transmission.

Methods

Data Source

This study analyzed longitudinal data from the “UFO
Study,” a prospective observational cohort study of
hepatitis C virus (HCV) transmission among young
adult (< 30 years old) people who inject drugs (PWID)
in San Francisco [24, 25], between January 2000 and
January 2019. This study was reviewed by the
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Institutional Review Board at the University of Califor-
nia, San Francisco (No. 10-00063).

Study Subjects

UFO Study participants were PWID 18–30 years of age
without chronic HCV infection (anti-HCV and HCV
RNA negative at enrollment) who attended at least one
follow-up study visit. Participants completed written
consent, a baseline study visit, and quarterly follow-up
study visits. Baseline and quarterly follow-up visits
included structured interviews and serological tests for
both anti-HCV and HCV RNA (described in detail
below). Survey questions included items about demo-
graphic characteristics, injection drug use–related risk
behaviors, access to HCV prevention services, and time
spent in jail/prison. Participants were remunerated for all
study visits including screening (10 USD) and follow-
up (20–25 USD).

Outcome and Relevant Variables

The primary outcome of interest was incident HCV
infection defined as either (1) positive anti-HCV and
HCV RNA positive or (2) positive HCV RNA test
following a previously documented negative anti-HCV
and HCV RNA test. Anti-HCV testing was performed
using EIA-3 (Ortho Clinical Diagnostics, Raritan, NJ)
and after 2012, using the OraQuick rapid test (OraSure
Technologies, Inc., Bethlehem, PA). Qualitative HCV
RNA testing was performed on all participants using the
Gen-Probe (San Diego, CA)/Chiron (Emeryville, CA)
HCV TMA assay. We estimated the HCV RNA infec-
tion date as the midpoint of the interval between the last
HCV RNA negative test and the first HCV RNA posi-
tive test. Total time to infection was the number of days
from the first HCV RNA negative test to the estimated
infection date. If the first visit was anti-HCV negative
and HCV RNA positive, the time to infection was
estimated to be 50.8 days [26].

The primary exposure was housing status ascertained
at each study visit through a single–response survey
item asking “what was the main type of place you lived
in the last 3 months?” Response answers included: own
apartment, parent/relative home, friend’s home, half-
way/foster/group home, hotel/boarding house, shelter,
squat, park, street/freeway/doorway, vehicle, residential
detox, jail, prison, and other.

We constructed four aggregate measures of housing
status to assess both the immediate and cumulative
influence of homelessness on risk for incident HCV
infection. First, recent housing status was assessed
using a time-varying dichotomous measure reflecting
whether an individual was recently (past 3 months)
housed versus unhoused. Responses representing being
recently housed included: staying in own apartment,
parent/relative home, friend’s home, or halfway/foster/
group home; being unhoused included: shelter, squat,
park, street/freeway/doorway, vehicle, residential detox,
jail, or prison. Second, recent housing stability was
assessed using an ordinal measure that reflected (i)
permanent housing (e.g., own apartment/house, parent/
relative house, friend’s house, and foster/group home),
(ii) temporary housing (e.g., shelter, squat, vehicle, res-
idential detox, jail or prison), and (iii) no housing (e.g.,
park, street/freeway/doorway, other). Third, to assess
the cumulative influence of housing status on HCV
incident infection, we constructed two time-varying or-
dinal summary measures using all available non-
missing visit data for participants between study base-
line and each study visit up until the time of censoring/
infection: (1) housing trajectory and (2) percent-time
unhoused. Housing trajectory was defined as being:
always housed, always unhoused, or variably housed,
with the latter value representing participants who re-
ported being both housed and unhoused over the ob-
served period. Percent-time housed was calculated as
the proportion of participant response data indicating
being recently unhoused over their total number of
responses for that period.

Adjustment Variables

Sociodemographic variables included as potentially
confounding factors in the analyses included age at
enrollment, self-reported gender (male, female, trans-
gender), race/ethnicity (White vs. non-White), educa-
tional level (less than high school vs. high school or
greater), born outside California (yes/no), primary
source of income in past month, past 3-month incarcer-
ation, and past 3-month medical care access. Lifetime
and past 3-month illicit drug use included questions
about injecting frequency, main drug injected in past
month, number of injecting partners, and injecting be-
haviors (receptive and distributive sharing of needles/
syringes, equipment, and drug residue (rinse)). Frequen-
cy of recent alcohol use was also assessed. Information

Housing Stability and Hepatitis C Infection for Young Adults Who Inject Drugs: Examining the Relationship... 833



was collected about lifetime and recent use of medically
assisted treatment (MAT) for drug dependence and sy-
ringe service programs (SSPs). Lastly, we assessed the
role of social support indicated by a measure of recently
living with one’s injecting partner (yes/no).

Statistical Analyses

To assess potential bias due to differential loss to follow-
up,we used Pearson x2 orKruskal-Wallis test to compare
distributions of selected demographic and injecting risk
behavior variables between participants with follow-up
and those with only baseline visits. To summarize vari-
ability in housing status over a participant’s observation
time, we constructed a housing heatmap showing one’s
transition from a housed status to an unhoused status (or
vice versa). To capture temporal changes in housing
across the cohort waves, we constructed a graph
depicting the proportion of study participants across
thirteen housing types at each cohort wave (2000–
2002, 2003–2008, 2009–2013, 2015–2019).

We used descriptive statistics to characterize the
study population overall and by HCV incident infection
status. The Kaplan-Meier method was used to describe
the cumulative incidence of HCV infection separately in
groups differentiated by values for (a) recent housing
status (housed vs. unhoused), (b) recent housing stabil-
ity (permanent, temporary, none), (c) housing trajectory
(always housed, always unhoused, variable housing),
and (d) percent-time housed (≤ 25% time unhoused,
26–50% time unhoused, 51–75% time unhoused, and
≥ 76% time unhoused). Differences between groups
were evaluated using the log-rank test.

Hazard ratios (HR), adjusted hazard ratios (aHR), and
95% confidence intervals (CI) were estimated for the
housing groups using bivariate and multivariate Cox
proportional hazard regression models used to estimate
the risk of an event occurrence within a specified time
interval, conditional on survival to the beginning of that
time interval. For example, people who become infected
with HCV or were lost to follow-up in the first 3 months
after enrollment are not included in calculation of the
hazard rate for the second or subsequent observation
periods. One at a time, we included each variable found
to have a significant relationship in bivariate models
along with the housing measure as the only other covar-
iate and examined the change in the adjusted hazard ratio
(aHR) and 95% CI. Any variable that changed the ad-
justed hazard ratio and was statistically significant was

considered a confounder. Potential explaining variables
tested in the models included gender, age, education
level, number of years injecting drugs, recent jail/prison,
injecting frequency, recent cooker/container sharing, re-
cent needle/syringe sharing, recent backloading/
piggybacking, recent rinse use, number of injecting part-
ners, and recent income source. The recall period for
recent behaviors was 3 months and measures were
modeled as time-varying covariates in regression models.
Due to collinearity, we collapsed recent cooker/container,
needle/syringe sharing, and backloading/piggybacking
together into “recent needle/syringe or ancillary equip-
ment sharing.” The variables included in the multivari-
able model included age at enrollment, gender, recent
injecting frequency, recent needle/ancillary equipment
sharing, and recent number of injecting partners as these
are conceptualized as confounders in the relationship
between housing and HCV risk. Recent drug using be-
haviors were collected quarterly and included in the
model as time-varying covariates.

We restructured the data to follow the intended 3-
month follow-up interval and carried forward the previ-
ous value for any participants with missing housing and
adjustment variables. All analyses were performed in
Stata 15.

Results

Between January 2000 and June 2019, 904 eligible
young adult PWID were enrolled into the UFO Study.
Among these participants, 712 (79%) had at least one
follow-up visit, representing a total of 982.67 person-
years (py) of follow-up. The median duration of follow-
up was 9.12 months (interquartile range (IQR) 2.96–
22.56 months). The majority of participants were male
(67%), White (71%), and born outside of the study state
of California (62%), and the median age was 24 years at
baseline (IQR 21–26). Most participants self-reported
being HIV-negative (96%), recent alcohol use (75%),
and injecting drugs multiple times per week (median
number of days per month 23, IQR 10–30), with more
than half (63%) reporting heroin/opioids as the main
drug injected and one-third (33%) injecting amphet-
amines/cocaine/crack most often. Compared with the
analytic sample, those lost to follow-up and not included
in analysis differed significantly in age, education, re-
cent alcohol and drug use frequency, and recent incar-
ceration, with the analytical sample being older in age
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and less risky than those not returning for follow-up
study visits (Supplemental Table 1).

The housing context for young adult PWID in San
Francisco: With respect to housing status, at baseline,
70% (n = 501) reported being unhoused and 30% (n =
211) reported being housed. With respect to housing
stability, at baseline, 30% (n = 219) reported living in
permanent housing, 27% (n = 192) reported living in a
temporary form of housing, and 43% (n = 312) reported
being unhoused. Additional baseline characteristics are
shown in Table 1, among all participants and by incident
HCV status.

The variability in housing status over time is de-
scribed in Fig. 1. In Fig. 1a, only 77 participants
(11%) reported being stably housed during their entire
observation period. Two hundred ninety-eight partici-
pants (42%) were unhoused during their entire observa-
tion period. About half of participants (n = 337) moved
between a “housed” and “unhoused” status, with a
median number of 1 transition between housed and
unhoused (IQR 1–3). Figure 1 b describes housing
trajectories by the type of place, indicating a high fre-
quency of transition between housing type over the
observation period; the median number of transitions
in housing type was 2 (IQR 1–4).

Figure 2 provides a population-level snapshot of the
main housing type reported at baseline over calendar time
(cohort waves). Little variability over time is seen in the
proportion of participants reporting mainly living in their
or parents’ home, half-way house, shelter, vehicle, resi-
dential detox, jail, or prison. A rapid decline in the
proportion living in their friend’s apartment occurs in
the 2003–2008 cohort wave, matched with a sharp in-
crease in the proportion living on the street/freeway/door-
way, which is retained during the later cohort waves.
Similarly, in 2009–2013, a decline in the proportion
living in temporary boarding hotels and increase in the
proportion in residential detoxification services occur.

Housing and incident HCV infection: Among the 712
participants, a total of 245 incident HCV infections were
observed over 982.67 py, giving an overall HCV inci-
dence estimate of 24.9 (95% confidence interval (CI)
21.9, 28.3) per 100 py. Across all measures of housing,
the most unhoused group had the highest HCV incident
infection rate (0.50, 95% CI 0.42, 0.60) (Fig. 3).

In Cox proportional hazard regression models, we
estimated aHR of HCV incident infection for several
measures of being unhoused (relative to being housed),
controlling for gender, age, injecting frequency, recent

unsafe injecting behaviors, and number of injecting part-
ners. When considering housing status, for the group
unhoused at baseline, the aHR was 1.86 (95% CI 1.32,
2.55) and the aHR was 1.65 (95% CI 1.21, 2.25) for the
time-varying measure. When considering housing stabil-
ity, relative to those with stable housing, the aHR of HCV
incident infection was 1.28 (95% CI 1.43, 2.76) among
those unhoused and 1.29 (95% CI 0.90, 1.87) among
those variably housed. When considering housing trajec-
tory, relative to those housed throughout study observa-
tion, the aHR of HCV incident infection was 1.54 (95%
CI 1.03, 2.30) for those unhoused throughout study ob-
servation and 0.53 (95% CI 0.33, 0.86) for those who
moved between a housed and unhoused state. When
considering percent-time housed, lower percent-time
housed was associated with higher hazard. Compared
with those housed for 75% or more of their study time,
those housed less than 25% time had 1.84 times higher
adjusted hazard (95% CI 1.30, 2.64), those housed 26–
50% time had 1.03 times higher hazard (95% CI 0.60,
1.83), and those housed 51–75% time had 0.46 times the
hazard (95% CI 0.23, 0.91) (Fig. 4).

Discussion

Our findings from 15 years of study data support our
hypothesis that young adult PWID experiencing both
recent and chronic states of being unhoused are at elevat-
ed risk for HCV infection. Specifically, those who were
unhoused at baseline had almost a twofold higher risk for
HCV infection than their housed counterparts. And that
with increased time being unhoused (a measure of chron-
ic housing), HCV infection risk increased 80%, with
those who were unhoused during all of their follow-up
visits at one and a half greater risk for HCV infection.We
observed a dose-response relationship between percent-
time unhoused and risk for HCV infection, with a twofold
increase in risk for HCV among young adult PWID
housed less than 25% of the time compared with those
housed at least 75% of the time. And that spending some
percentage of time in stable housing provides protection
from HCV infection. Given the current efforts to elimi-
nate HCV as a public health burden [27, 28], our findings
provide insight into the roles of recent and chronic hous-
ing instability for PWID which might impact the HCV
epidemic. Our findings have practical implications for
local and national HCV prevention initiatives and build
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Table 1 Demographic characteristics of HCV-negative young adult people who inject drugs and unadjusted hazard ratios at baseline (n =
712)

Characteristic Overall No HCV infection HCV infection p value†

N % % %

Baseline housing type < 0.001

Own home 91 13.06 15.46 7.93

Parent/relative’s home 25 3.51 3.92 2.64

Friend’s home 88 13.06 14.43 10.13

Foster/group home 7 0.84 1.24 0

Hotel/boarding house 80 11.66 12.99 8.81

Shelter 23 3.23 3.92 1.76

Squat 68 9.69 9.28 10.57

Park 61 8.71 6.8 12.78

Street/freeway/doorway 207 27.81 22.68 38.77

Vehicle 20 2.81 3.71 0.88

Residential detox 4 0.56 0.62 0.44

Jail/prison 13 1.82 2.04 1.22

Other 25 3.23 2.89 3.96

Baseline housing status < 0.001

Housed 211 30.00 35.05 20.7

Unhoused 501 70.00 64.95 79.3

Baseline housing type < 0.001

Housed 211 30.00 34.9 19.59

Temporary housing 188 26.00 28.69 22.04

Unhoused 313 44.00 36.4 58.37

Gender 0.079

Male 485 67.30 68.93 63

Female 227 31.50 29.42 36.56

Transgender 9 1.20 1.65 0.44

Age at baseline 0.003

22 years old or younger 261 36.61 67.08 55.51

Over 22 years old 452 63.39 32.92 44.49

Ethnicity 0.183

White 511 70.9 69.14 74.01

Non-White 210 29.1 30.86 25.99

Education level 0.020

High school or higher 459 64.1 67.08 58.15

Less than high school 257 35.9 32.92 41.85

Born in California 0.323

Yes 268 38.2 39.79 35.87

No 433 61.8 60.21 64.13

Recent medical care (3 months)* 0.916

Yes 416 57.8 57.73 58.15

No 304 42.2 42.27 41.85

HIV status 0.347

Positive 22 3.1 3.53 2.21
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Table 1 (continued)

Characteristic Overall No HCV infection HCV infection p value†

N % % %

Negative 694 96.3 96.47 97.79

Ever been tested for HCV (n = 643)** 0.429

Yes 418 65 64.41 66.15

No 207 32.2 32.21 32.24

Unknown 18 2.8 3.38 1.54

Opiod pill use ever (methadone, buprenorphine, suboxone, fentanyl, codeine, vicodine, darocet, percocet, percodan, dilaudid,
morphine pills)

0.683

Yes 637 89.2 88.8 89.82

No 77 10.8 11.2 10.18

Opioid pill use in past 3 months 0.959

Yes 453 62.8 62.76 62.56

No 268 37.2 37.24 37.44

Alcohol use in past 3 months 0.584

Yes 544 75.5 76.34 74.45

No 177 24.5 23.66 25.55

Age first injected drugs

Median (IQR) 18.8 16.0–21.4 19 (16.75, 22.00) 18 (16, 21)

Age first injected drugs 0.068

Younger than 18 years old 394 54.7 57.00 49.79

Older than 18 years old 327 45.4 43.00 50.21

Years injecting drugs

Median (IQR) 3.7 1.7–7.0 3.75 (1.60, 6.910 3.71 (1.71, 7.31)

Recent jail/prison in past 3 months 0.118

Yes 193 26.7 24.95 30.53

No 522 73.3 75.05 69.47

Main drug injected past month 0.021

Heroin/heroin mixed with other drugs 447 62.9 59.45 69.60

Meth/cocaine/crack 232 32.6 35.08 27.75

Other 32 4.5 5.46 2.64

Number of days injected in past month

Median (IQR) 23 10–30 20 (7, 30) 29 (15, 30)

Injected everyday in the past month < 0.001

Yes 257 36.04 30.45 48.02

No 456 63.96 69.55 51.98

Ever shared cooker/container in past 3 months 0.004

Yes 424 58.9 55.26 66.52

No 296 41.1 44.74 33.48

Ever borrowed used needle/syringe in past 3 months 0.004

Yes 247 34.5 30.91 41.85

No 470 65.5 69.09 58.15

Ever backloaded/piggybacked in past 3 months < 0.001

Yes 445 62.0 57.32 72.44

No 273 38.0 42.68 27.56

Housing Stability and Hepatitis C Infection for Young Adults Who Inject Drugs: Examining the Relationship... 837



upon the broader scientific understanding of housing and
HCV risk in three main ways.

First, we encourage researchers to measure housing
states at multiple time points to gain insights about
individual’s larger housing trajectory. Although housing
is measured in most observational research and concep-
tualized as a key social determinant of health, it is
typically included in analysis as one-time, baseline mea-
sure and summarized in descriptive analysis of the study
population without further investigation of its role in the
main association of interest. Our inclusion of chronic

housing–related risk measures recognizes the role of
housing as a life course circumstance that can vary over
time, with implications for health [29, 30]. We used
repeated measures housing data to create multiple mea-
sures of housing to represent the period-specific and
cumulative aspects of housing on HCV infection risk.

Results indicate that when looking beyond baseline
binary housing status measures, young PWID experience
varying patterns of housing over time. Over half moved
between states of housed and unhoused living environ-
ments over time, including frequent periods of being

Table 1 (continued)

Characteristic Overall No HCV infection HCV infection p value†

N % % %

Ever done someone’s rinse in past 3 months < 0.001

Yes 275 38.3 32.44 50.66

No 444 61.7 67.56 49.34

Ever lent used rig in past 3 months (n = 411)*** < 0.001

Yes 159 38.7 32.99 54.46

No 252 61.3 67.01 45.54

Number of injecting partners in past 3 months

Median (IQR) 5 2–11 4 (1, 10) 10 (4, 19)

Live with injecting partner month (n = 401)*** 0.114

Yes 66 16.5 18.73 12.40

No 335 83.5 81.27 87.60

Personally got new rigs from NSP in past 3 months 0.004

Yes 563 78.3 75.00 84.58

No 156 21.7 25.00 15.42

Recent overdose in past 3 months 0.081

Yes 97 13.5 6.20 3.08

No 620 86.5 93.80 96.92

Recent OAT in past 3 months 0.097

Yes 39 5.4 12.22 16.81

No 680 94.6 87.78 83.19

Recent sex trade in past 3 months 0.564

Yes 99 13.7 13.37 14.98

No 622 83.3 86.63 85.02

Recent income source from legal source 0.001

Yes 198 27.7 31.69 19.38

No 515 72.3 68.31 80.62

Recent travel 0.148

Yes 329 46.3 44.42 50.22

No 382 53.7 55.58 49.78

*Only collected 2014–2018. **Not collected 2003–2005. ***Not collected 2000–2005
†The p value reflects a comparison of characteristics by HCV incident infection groups
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a  Housing Status

b  Main place lived in last 3 months

Fig. 1 Longitudinal housing status in cohort participants, by quarter. aHousing status. bMain place lived in the past 3 months. Vertical axis
represents individual participants, ordered by housing trajectory
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unhoused: 89% of our sample experienced some duration
of being unhoused with 42% unhoused the entirety of
follow-up. Accounting for the temporal aspect of home-
less experiences—such as whether someone is newly
homeless versus chronically homeless—allows us to con-
sider the ways where variation in housing instability
could result in differential HCV risk. For example,
among PWID, being unhoused may influence one’s abil-
ity to safely store injecting equipment leading to more
frequent sharing of needles or ancillary equipment and
higher risk for HCV infection [31–33]. Frequently
relocating, as depicted in Figs. 1 and 2, can result in
disruptions to employment, social networks, and receipt
of social services including NSP services [34, 35]. Fur-
thermore, by expanding measures to include housing
trajectories, we were able to detect the protective benefits
of being housed, even if only for a portion of the time.

Second, to our knowledge, this is the first study to
assess the risk of HCV in association with housing in the
USA. While numerous other researchers [31, 36–38]
have demonstrated our finding that high rates of young
adult PWID are unhoused, our detail of the heterogeneity
in housing types (Fig. 1), the associations with HCV
infection risk conferred by each housing type (Table 1),
and how housing changes over time (Figs. 1 and 2)
provide unique insight into lives of young adult PWID,
the group with the highest incidence of HCV infection in
the USA [39]. Our results indicate that even short inter-
vals of being housed in a residence offer a protection to
HCV infection. Additional information, via both quanti-
tative and qualitative approaches, may help inform pro-
grammatic responses to expand protective qualities of

being residentially housed. We intend, and hope others
will too, to include new measures of privacy, safety, and
security to deepen our understanding of the role housing
type plays on health and wellbeing. Understanding hous-
ing among young PWID is important in the context of the
HCV epidemic because youth experiencing homeless-
ness have a harder time accessing services—including
shelter, medical care, and employment—due to stigma,
lack of knowledge of available resources, and limited
availability of youth-focused services [40].

Third, by examining data over the 15-year period, we
were able to demonstrate population-level changes in
housing type over time. We observed an increase in the
proportion of people living on the street, with a reduction
in the proportion living in apartments. Housing is becom-
ing more unstable across cities in the USA, leaving many
young people vulnerable to acute and chronic homeless-
ness [41]. At the same time, US cities are increasing
municipal codes that disproportionately target street home-
less [42]. In San Francisco, alongwithmost US cities, bans
on sitting, lying, and tent camping on the street and prohi-
bitions on loitering and living in vehicles rose between
2006 and 2016 [43]. A qualitative study conducted in San
Francisco demonstrated such punitive interactions, includ-
ing move-along orders, systematically limit the ability of
people living on the street to access services and increase
intra-neighborhood mobility [44]. This combined with the
criminalization of drug use heightens police targeting of
unhoused PWID [45], and increases occurrence of risky
injecting practices associated with HCV and HIV [46, 47].

Our study results should be considered in the context
of various limitations. One limitation relates to the study

Place Lived in Past 3 Months Change Direc�on Change (%)

Friends home ↘ -4.95

Halfway/foster/group → 1.4

Hotel/boarding house ↗ 4.55

Jail → -0.04

Other → 0.02

Own apartment → 1.44

Parent/rela�ve home → 1.06

Park → -2.95

Prison → -1.1

Residen�al detox → -1.9

Shelter → 1.17

Squat ↘ -7.51

Street/freeway/doorway ↗ 8.15

Vehicle → 0.62

Fig. 2 Frequency of main place lived in the past 3 months, by cohort wave
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setting of San Francisco. The rapidly evolving demo-
graphics and gentrification San Francisco has experi-
enced may complicate interpretations of our findings. In
addition, San Francisco is a particularly high-resource
setting for housing support and harm reduction programs
for PWID, which may bias our results toward the null.
Further, we relied on self-reported data for exposure and
covariates subject to recall and social desirability bias.
Researchers should use caution when comparing results
with other studies. Despite sensitivity analyses suggesting

that results remained relatively unchanged, with the di-
rection and magnitude of associations retained, when not
restructuring data to a fit the 3-month follow-up schedule,
it is still possible that using the last value carryforward
method bias results away from the null. Next, results from
our sensitivity analysis comparing the analytic sample
with those lost to follow-up noted that those retained
were significantly older and displayed less risky injecting
behaviors than those lost to follow-up and therefore likely
biased our results toward the null resulting in smaller

Housing Type Trajectory Cases Person Time Incidence Rate 95% CI 
Always Housed 5 83.47 0.06 (0.02, 0.14) 
Unstably Housed 130 679.59 0.19 (0.16, 0.23) 
Always Unhoused 110 219.61 0.5 (0.42, 0.6) 

Housing Status Cases Person Time Incidence Rate 95% CI 
Housed 48 316.29 0.15 (0.11, 0.2) 
Unhoused 197 666.38 0.3 (0.26, 0.34) 

Housing Type Cases Person Time Incidence Rate 95% CI 
Housed 54 371.73 0.15 (0.11, 0.19) 
Temporarily Housed 62 320.46 0.19 (0.15, 0.25) 
Unhoused 129 290.49 0.44 (0.37, 0.53) 

a  Baseline housing Status b  Baseline Housing Type

c  Housing Trajectory d  Percent Time Housed

Percent Time 
Housed Cases Person Time Incidence Rate 95% CI 

100-76% Time 
Housed 10 171.26 0.06 (0.03, 0.11) 

75-51% Time Housed 19 101.06 0.19 (0.12, 0.29) 
50-26% Time Housed 46 246.13 0.19 (0.14, 0.25) 
≤25% Time Housed 170 464.22 0.37 (0.32, 0.43) 

Fig. 3 Four-panel figure of Kaplan-Meier curves with incidence rates listed below. a Baseline housing status. b Baseline housing type. c
Housing trajectory. d Percent-time housed
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effect sizes. Finally, the association between being un-
housed and incident HCV infection is likely complex.
Opportunity exists to expand the measurement dimen-
sions for housing to capture additional elements the hous-
ing space. Future studies of housing and HCV incidence
could incorporate innovative methodological strategies,
such as GPS tracking [48], to understand the frequency
and patterns of spatial movements and contextual attri-
butes. Such studies would enable a more comprehensive
understanding of recent and chronic housing by consid-
ering the more nuanced ways that housing characteristics
impact behaviors and wellbeing.
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