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ABSTRACT OF THE DISSERTATION

Assessing the impact of cumulative incarceration, public health oriented drug law
reform, and a police education program, on the hepatitis C virus epidemic among
people who inject drugs in Tijuana, Mexico

by
Carlos D. Rivera Saldana
Doctor in Philosophy in Public Health (Global Health)

University of California San Diego, 2022
San Diego State University, 2022

Professor Natasha Martin, Chair

Background: Incarceration is associated with increased risk of hepatitis C virus
(HCV) among people who inject drugs (PWID). If properly implemented, public health
oriented drug law reforms can reduce adverse health outcomes among PWID. This
dissertation investigates (1) the cumulative effect of repeated incarceration on injecting
risks among PWID in Tijuana; (2) the potential impact of implementing Mexico’s drug law
reform on the HCV epidemic among PWID in Tijuana; and (3) the impact of a police

education program on the burden of HCV among PWID in Tijuana.

XVi



Methods: Chapter 2 examines the longitudinal association between cumulative
incarceration with receptive syringe sharing using cohort data among PWID in Tijuana.
Chapter 3 presents a mathematical model of incarceration and HCV transmission among
PWID to estimate the 10-year population attributable fraction of incarceration to HCV
incidence among PWID, and the impact of implementing drug law reform on HCV
incidence among PWID in Tijuana. Chapter 4 estimates the impact of a real-life police
education program on HCV disease burden among PWID in Tijuana, using epidemic
modeling.

Results: Chapter 2 showed every additional incarceration episode increased the
odds of syringe sharing by 17% (95% confidence interval [CI] 1.05-1.29). The increased
odds of receptive syringe sharing persisted up to 1.5 years post-incarceration. Chapter 3
projected that incarceration is associated with 5.4% (95% uncertainty interval [Ul] 0.6-
11.9%) of new HCV infections among PWID in Tijuana between 2022-2032. Also, fully
implemented drug law reforms (decriminalization and OAT diversion) could reduce HCV
incidence rate by 10.6% (Ul: 3.1-19.2%) across 10 years. Chapter 4 showed that, over
the 2-year implementation, Escudo reduced HCV incidence from 21.1 per 100 person
years (/100py) (Ul 17—27/100py) in 2016 to 20.7/100py (U1:16-26/100py) in 2018, averting
13 (Ul: 3-26) infections from 2016-2018. Using a 50-year time horizon, a 2-year reduction
in incarceration from Escudo could avert a total of 120 (Ul: 19-260) cases of cirrhosis.

Conclusions: These findings broaden the knowledge of the deleterious effects of
incarceration on the health of PWID and inform evidence-based policymaking and

interventions at the intersection of drug law reform, policing, and injection drug use.
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Chapter 1. Introduction

Overview

Across global settings, robust evidence base exists on the deleterious effects of
policing and incarceration on health of people who inject drugs (PWID) (1-3). If properly
implemented, public health oriented drug-law reforms can help reduce adverse health
outcomes among PWID (1). However, obstacles such as lack of access to basic health
and harm reduction services among PWID (4, 5) or shortfalls at street level
implementation (6, 7), can thwart reform’s expected impacts.

To inform evidence-based policymaking surrounding criminalization and drug use,
further research is needed to acquire a deeper understanding of (1) the elevated risk of
infection associated to incarceration; (2) how public health oriented drug law reforms can
impact drug-related harms among PWID; and (3) the effectiveness of police education
programs in reducing drug-related harms among PWID. This dissertation aims to shed
light on these issues from the perspective of the HCV epidemic among PWID living in
Tijuana— a Mexican city situated across the border from San Diego County in the United
Sates. Specifically, in this thesis, | investigate (1) the cumulative impact of repeated
incarceration on injecting risks among PWID in Tijuana; (2) the potential impact of proper
implementation of Mexico’s public health oriented drug law reform (decriminalization and
diversion to opioid agonist therapy [OAT]) on the HCV epidemic among current PWID in
Tijuana; and (3) the impact of a real-life intervention, a police education program, on the

burden of HCV among current and former PWID in Tijuana.



This dissertation includes the introduction (Chapter 1), three original research
manuscripts (Chapters 2, 3 and 4), and an overall discussion (Chapter 5). The three
original research manuscripts address the three primary aims. Chapter 2 entitled "Impact
of cumulative incarceration and the post-release period on syringe-sharing among people
who inject drugs in Tijuana, Mexico: a longitudinal analysis,” investigates the association
between cumulative incarceration and injecting risks, i.e., receptive syringe sharing, over
time. This longitudinal analysis incorporates measures for repeated incarceration and
different post-release periods. To estimate the elevated risks associated to repeated
incarceration and the post-release risk, we used data from an ongoing community-based
cohort study of PWID in Tijuana, Mexico, El Cuete-1V (R37 DA019829, PI: Strathdee) (8).
Chapter 3 entitled “Modelling the contribution of incarceration and public health oriented
drug law reform to HCV transmission and elimination among PWID in Tijuana, Mexico,”
uses mathematical modeling to examine the contribution of incarceration to the HCV
epidemic among PWID. Also, it explores the impact of a fully implemented drug law reform
on HCV transmission. Finally, Chapter 4 entitled “Estimating the impact of a police
education program on hepatitis C virus (HCV) transmission and disease burden among
PWID in Tijuana, Mexico: A dynamic modeling analysis,” extends the mathematical model
in Chapter 3 to assess the impact of a real-life intervention, a police education program,
Proyecto Escudo (RO1DA039073, Pls: Strathdee, Beletsky), on the burden of HCV

among PWID in Tijuana, Mexico.

Background



The burden of hepatitis C virus (HCV) infection is still increasing (9). Estimates
suggest that more than 70 million individuals worldwide have chronic HCV infection, with
nearly 400,000 HCV-related deaths happening each year (10). Between 10-20% of
chronically infected individuals will develop liver disease including decompensated
cirrhosis, hepatocellular carcinoma, and death (11, 12). Injection drug use is an important
risk factor for the transmission of blood-borne viruses, attributable to sharing syringes and
injecting equipment (13). Consequently, people who inject drugs (PWID) are a key risk
group for hepatitis C virus (HCV), with global estimates indicating 67% (~10 million) of

PWID having a history of HCV infection (13).

Police encounters, incarceration, and PWID health

Among PWID, criminalization of drug use and enforcement of punitive drug policies
have been associated with injecting risks and adverse health outcomes including HIV and
HCV (3, 5, 6, 14-16). For example, safe injecting practices, such as carrying clean
syringes, may be compromised due to concerns about syringe confiscation and arrest
(17-20). A study among PWID in Tijuana, Mexico, found that PWID who had been
arrested for carrying clean syringes had a two-fold increased odds of sharing syringes
(odds ratios [OR] 2.05, CI 1.26-3.35), even when syringe possession is not a crime in
Mexico (21). Other police interactions can fuel risk; a study among PWID in Thailand
found that being arrested and beaten by police resulted in increased risk of sharing
syringes (relative risks [RR] 1.44, 95% confidence interval [Cl] 1.15-1.80) (22).

Furthermore, compared to non-injection drug users, PWID face higher rates of

incarceration and reincarceration (2, 23, 24) that can result in increased health risks (25).



Even when PWID inject less often inside prisons than in community settings, increased
frequency of syringe sharing occurs inside prisons (25, 26) and has been identified as a
mechanism elevating HIV/HCV infection risks (2). For example, a global meta-analysis
showed a strong association between recent incarceration and increased risk of acquiring
HIV ((RR 1.81, Cl 1.40-2.34)) and HCV (RR 1.62, 95% CI 1.28-2.05) among PWID (16).
Previous incarceration was also associated with increased HIV and HCV risks (16). While
the link between recent incarceration and syringe sharing has been studied (25, 27, 28),
less is known about how the longer-term effect of repeated incarceration may impact
receptive syringe sharing.

Consistent with global evidence, in Mexico, studies among PWID in Tijuana
suggest a high proportion, around 80%, with a history of incarceration (29) and about a
third having shared syringes inside prison (30). Moreover, a different study found that
recent incarceration (released in past 6 months) was associated with a 1.30 (95%
confidence interval [CIl]: 1.15-1.46) increased odds of receptive syringe sharing (31).
Nonetheless, the cumulative effect of incarceration over time, was not assessed. Chapter

2 in this dissertation examines this association.

Injecting drug use and PWID health in Tijuana, Mexico

The city of Tijuana, Baja California, Mexico— the site of our research— is one of
the busiest land crossings in the world and the largest border hub between Mexico and
the United Sates. Compared to the rest of the country, prevalence of drug use is higher
in Tijuana. This can be attributed to its location along a major drug trafficking route to the

United Sates, resulting in “spillover” from trafficked heroin, cocaine, and



methamphetamine (32). In 2016, the state of Baja California (BC), where Tijuana is
located, had a prevalence of illegal drug use of 7.6% among adults (nationwide 4.6%)
and the highest prevalence of amphetamine use in the country of 5% (nationwide 1.5%)
(33). Around 10,000 PWID in Tijuana face homelessness and lack of access to health
and harm reduction services, placing them at increased risk of blood borne infections
(BBI) (34, 35). Some previous studies suggest most PWID (~90%) have been infected

with HCV in 2018 (36, 37), and HIV prevalence is 4% in 2008 (38, 39).

Public health oriented drug law reform and police education programs in Mexico

In 2009, Mexico enacted drug and health law reforms (‘Narcomenudeo’ reforms)
deregulating possession of small amounts of cocaine, heroin, methamphetamine, and
marijuana for personal consumption and required drug treatment upon reoffending
instead of incarceration (40, 41). Despite this, PWID reported experiencing little changes
in policing practices (2009 and 2014) (7). Moreover, a study using mathematical
modelling found little impact of Narcomenudeo reforms on HIV transmission but
suggested that a properly implemented reform could prevent 20% of new HIV infections
between 2018 and 2030 (31). This work sheds light on the dynamics connecting
incarceration, decriminalization, and the HIV epidemic among PWID in Tijuana. However,
the impact on HCV has not been studied. Chapter 3 in this dissertation undertakes a
similar approach to investigate potential impacts of the Narcomenudeo reform on the HCV
epidemic among PWID in Tijuana.

Some of the shortfalls of the Narcomenudeo reform can be backtracked to police

lack of knowledge of the reform’s legal content (6, 42). Nonetheless, using the police



contact to operationalize diversion to drug treatment was a core element of the
Narcomenudeo reform (6). Therefore, to improve reform implementation, a police
education program (PEP) (“Escudo” (“Project Shield”) was launched. Escudo focused on
occupational safety (mostly through needle stick injury) together with legal and harm
reduction content (6, 7, 43). One of Escudo’s goals is to reduce police encounters as a
source of arrests and incarceration related to syringe or injection paraphernalia
possession (15). Chapter 4 in this dissertation examines the impact of the Escudo

intervention on the HCV epidemic among PWID in Tijuana.

Mexico HCV elimination goals

In 2016, the World Health Organization (WHO) set goals to eliminate HCV as a
public health threat, consisting of an 80% reduction in HCV incidence and a 65%
reduction in HCV-related mortality by 2030 (44). Following the WHO, Mexico became one
of the first Latin-American country to launch an HCV elimination strategy in 2019 (45, 46).
In a first stage, the strategy would concentrate efforts on patients from three priority
segments: HIV positive individuals, PWID, and incarcerated individuals (45). However, at
the time this dissertation was being written, treatment distribution or progress towards
achieving elimination targets remains unknown. In Chapter 3, we offer estimates of how
drug law reform may facilitate achieving HCV elimination. Chapter 4, while not directly
addressing the elimination question, sheds light on how interventions such as Escudo

could contribute to enhancing the ability of Mexico in achieving HCV elimination targets.

Theoretical Framework



The risk environment framework conceptualizes individual risk creation and
prevention as part of a more complex environmental system. In this sense, behaviors that
increase or reduce risks are defined and influenced by different social, cultural, economic,
policy, and political environments (47, 48). Risk environment is defined as the “space,
whether social or physical, in which a variety of factors exogenous to the individual
interact to increase the chances of HIV transmission” (47). These factors interact at the
micro-level or interpersonal relations (e.g. negotiations about the use of injecting
equipment between PWID), meso-level or group norms and institutional responses (e.g.
when local policing disrupts syringe exchange use), and macro-level or structural factors
including laws and polices (e.g. large scale social, organizational, or policy systems),
shaping the risk environments where individual decisions and behaviors occur (48).
Based on Rhodes, Singer (48), this study will think of incarceration, not as a discrete
event, but as a transitional context, or continuum, that involves stages and several risk
elements within each stage; an environment with the capacity to influence individuals’ risk
decision-making and behaviors. Incarceration involves a complex interplay of individual,
social, and environmental factors along a continuum (before, during, and after) that

results in increased risks of infectious diseases, including HCV (3).

Based on this framework, this dissertation aims to explore factors at different levels
affecting HCV risks among PWID in Tijuana. In Aim | we will explore how, at the meso-
level, drug use criminalization and punitive policing in the form of incarceration, can
impact injecting risks among PWID (micro-level). In Aim I, we will model public health

oriented drug policy reform scenarios (macro-level). These policies work through



interconnections with the meso- and the micro-levels, altering the risk environment within
which PWID decisions impact their health. In Aim Ill, we examine the impact of the
implementation of a police education program that seeks to reduce police encounters as
a structural driver of blood borne infections among PWID in Tijuana. This program
promotes changes in policing behaviors at the meso-level, to counteract criminalization

and punitive policing among PWID.

Policy context in Tijuana (Macro-level)
Public health oriented drug law reform, Aim Il
(decriminalization and harm reduction)

Meso-level

ﬁ Micro-level ﬁ
Injecting risk behaviors

& (e.g. syringe sharing) Police  Education

Punitive policing
criminalization, Aim | Program, Aim 11|
(persistent incarceration) (less incarceration)
Individual
HCV risk

Figure 1. 1. HCV risk environment for PWID in Tijuana

Each analytical chapter in this dissertation stands on its own but are also
complementary to one another. Chapter 2, using statistical tools, examines the
association between cumulative incarceration and receptive syringe sharing. Chapter 3

incorporates this association to inform a dynamic mathematical model of incarceration,



HCV transmission and disease progression among current PWID. Chapter 4 extends the
model in Chapter 3, to assess the impact of a real-life intervention on HCV incidence and

liver disease progression among both current and former PWID.



Chapter 2. Impact of cumulative incarceration and the post-release period on
syringe sharing among people who inject drugs in Tijuana, Mexico: A longitudinal
analysis

Abstract

Aims: Syringe sharing, which can occur during incarceration and post-release,
has been linked with increased risk of blood borne infections. We aim to investigate the
cumulative effect of repeated incarceration and the post-release period, on receptive
syringe sharing.

Methods: Ongoing community-based cohort, in Tijuana, Mexico, recruited through
targeted sampling between 2011-2012 with six-month follow-ups. Sample of 185
participants (median age 35 years; 67% female) with no history of incarceration at study
entry, followed to 2017. Cumulative incarceration and post-release period were
constructed from incarceration events reported in the past 6 months for each study visit.
Receptive syringe sharing in the past 6 months was assessed as a binary variable. We
used logistic regression with generalized estimating equations to examine the association
between cumulative incarceration events and the post-release period, with receptive
syringe sharing over time. Missing data were handled through multiple imputation.

Findings: At baseline, 65% of participants engaged in receptive syringe sharing
in the prior 6 months. At follow-up, 150 (81%) participants experienced a total of 358
incarceration events (median 2; IQR 1-3). We found the risk of receptive syringe sharing
to increase with the number of repeated incarcerations. Compared with never
incarcerated, those with one incarceration had 1.28 (95% CI 0.97-1.68) higher adjusted

odds of syringe sharing, 2 to 3 incarcerations 1.42 (95% CI 1.02-1.99), and more than
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three incarcerations 2.10 (95% CI 1.15-3.85). Participants released within past 6 months
had 1.53 (95% CI 1.14-2.05) higher odds of sharing syringes compared to those never
incarcerated. This post-release risk continued up to 1.5 years post-incarceration (aOR
1.41 95% CI 1.04-1.91) but then waned.

Conclusions: The effects of incarceration on injecting risk are cumulative and
persist in the post-release period. Greater efforts should be directed towards reducing

incarceration among PWID to reduce injecting risks.

Introduction

Growing evidence suggests that punitive drug policies have failed to reduce drug
use, crime, and adverse health outcomes (1). Globally, people who inject drugs (PWID)
face disproportionately higher rates of incarceration and higher prevalence of associated
infections such as HIV, hepatitis C virus (HCV), and tuberculosis than persons who do
not inject drugs (2, 23). Among PWID, having a drug related sentence and resuming
injection drug use after release from prison have been associated with a twofold higher
risk of reincarceration (24). A recent meta-analysis found a strong association between
recent incarceration and increased risk of acquiring HIV (twofold increase) and HCV (1.5
increase) among PWID. Past incarceration was also associated with increased HIV and
HCV risks (16). However, understanding the mechanisms driving the elevated risk of
infection associated with incarceration, warrants further study. While the link between
recent incarceration and syringe sharing has been previously established (25, 27, 28), to
our knowledge, no studies have examined whether there is an association between the

cumulative effect of repeated incarceration and receptive syringe sharing. As opposed to
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distributive syringe sharing, receptive syringe sharing is of more relevance as itis a proxy
for direct exposure to study blood-borne infections.

While blood borne infections are prevalent among PWID (2), for those not infected,
the risk may increase during incarceration and upon release (3, 49). Inside prisons,
continued injection drug use, lack of harm reduction services, and increased frequency
of syringe sharing have been associated with incident HIV/HCV infection (2, 26, 50, 51).
During the post-release period, which is characterized by lack of treatment and harm
reduction, and disruption of social networks, transitioning back to the community has been
associated with increased risk of relapse, fatal overdose, and injection risk behaviors (3,
52-56).

The border city of Tijuana, Baja California, Mexico, is situated along a major drug
trafficking route to the United Sates. Characterized by homelessness, public injecting,
and lack of access to health services, an estimated 10,000 PWID are at increased risk of
blood borne infections (BBI) (34, 35). In 2009, the Mexican government passed a public
health-oriented drug reform, decriminalizing small possession of illicit drugs for personal
use and adopting a harm reduction strategy through diverting individuals to treatment
instead of incarceration (57). Despite this, approximately 75% of PWID in Tijuana have a
history of incarceration (29) and about a third had shared syringes inside prison (30). A
study among PWID in Tijuana, found that recent incarceration (released in past 6 months)
has been associated with increased odds of receptive syringe sharing at baseline (31).
However, as the number of previous incarcerations was unaccounted, it is unknown if

there was a cumulative effect of repeated incarcerations.
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This study aims to fill this gap by investigating the longitudinal association between
cumulative incarceration events and receptive syringe sharing among a sample of PWID
in Tijuana, with no history of incarceration. Given the risk of receptive syringe sharing
post-incarceration, we also assessed the post-release period on the odds of receptive

syringe sharing.

Methods

Study Sample

We used data from an ongoing community-based cohort study of PWID in Tijuana,
Mexico (El Cuete-IV) (32). Between 2011 and 2012 baseline data were collected with
follow-up surveys every 6 months. Targeted sampling consisting of street outreach in 10
neighborhoods across Tijuana was used to recruit participants who were 18 years of age
or older, had injected drugs in the past month, and were currently living in Tijuana. At
baseline and semiannually thereafter, trained interviewers using computer-assisted
personal interviews administered questionnaires collected data on socio-demographics,
drug use behaviors, drug treatment experiences, justice involvement, migration history,
and drug related harms and health outcomes (32). For the present analysis we included
PWID recruited between April 2011 and June 2012 and followed for approximately 54
months (visits 1 through 10). We included only those participants who reported never
being incarcerated at baseline to exclude participants who may already have been at
increased risk of reincarceration and/or syringe sharing associated with previous
incarceration (Supplemental Table Al shows characteristics of participants included

compared to those excluded from this analysis). This study was approved by the Ethics
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Board at the University of California San Diego and Xochicalco University in Tijuana. All

participants provided written informed consent.

Measures

Outcome: The outcome of this study was self-reported receptive syringe sharing
in the past 6 months, which was defined as the frequency of using a syringe that had
been, or suspected to have been, used by others (with categories ranging from 1-5;
“‘never” to “always”). We dichotomized to “never” versus “ever,” because we considered
that injecting with a used syringe (regardless if it is always or a few times) already puts
individuals at significantly increased risk of acquiring blood borne infections compared to

always using clean syringes.

Exposure: Our study had two main exposures, cumulative incarceration events
and post-release period.

We defined cumulative incarceration as the number of incarceration events
reported by participants over the follow-up period. To construct this variable, we first
defined recent incarceration (past 6 months) as any jail or detention event reported in the
previous 6 months in any of the study visits after baseline. In Mexico, detention implies
remaining in custody between 48 to 144 hours until formally charged or released (usually
within 72 hours). Individuals are jailed if convicted of a crime for periods longer than 3
months (58). Under specific circumstances, detention can be extended for weeks and

individuals jailed for shorter periods. Access to medical services and harm reduction in
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jails is limited (59). From the first follow-up (visit 2) to visit 10, we ascertained an
incarceration event by inquiring “During the last 6 months, have you spent time in jail?”
After visit 6, a separate question was introduced for detention: “In the last 6 months, how
many times have you been in a detention center?” Therefore, after visit 6, both variables,
“‘been in detention” and “spent time in jail,” could potentially be reported in the same visit.
If participants answered yes to either measure, we considered it to be an incarceration
event, which was dichotomized to “never’ versus “ever.” Then, we used recent
incarceration to construct the cumulative incarceration variable by aggregating the
number of recent incarceration events reported by each participant over the study follow-
up period. This variable was analyzed both continuously and categorically, by dividing it
into four groups (never incarcerated, one incarceration, 2 to 3 incarcerations, and more
than 3).

We defined the post-release period variable as the time elapsed (i.e., number of
visits) after a participant had reported being incarcerated. This variable was grouped into
five categories: never incarcerated, released within the past six months, released in the
past 6 months to 1.5 years, released in the past 1.5 to 2.5 years, and released more than

2.5 years ago (Supplemental Figure S6).

Covariates: We selected covariates for this study based on factors associated
with syringe sharing among previously incarcerated PWID, mainly from studies in Tijuana
(21, 30, 34, 60, 61). Sociodemographic characteristics included variables assessed at
baseline such as age, gender, time spent daily on the street, years of education, and

receiving income from a formal source. Drug use characteristics included time-varying
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covariates such as using heroin, methamphetamine, cocaine (including crack), injecting
heroin and injected methamphetamine, all reported within the past 6 months. We also
constructed a polysubstance use variable from the most prevalent drugs reported in El
Cuete cohort at baseline (heroin, methamphetamine, crack/ cocaine, and tranquilizers)
considering all routes of administration (62). Individuals consuming more than one drug
in the previous 6 months, were counted in the polysubstance group. Injection drug use
characteristics included time-varying variables such as getting syringes from a shooting
gallery or a syringe exchange program in the past 6 months, and also included age at first
injection. We considered injection frequency variables as important covariates in this
context; however, these were not included because frequency was inconsistently
reported across study visits. We also controlled for: 1) Environmental factors, e.g., living
whole life in Tijuana and sex work, both assessed at baseline; 2) access to drug
treatment, e.g., getting professional help for alcohol and drug use, time-varying, and; 3)

encounters with law enforcement, e.g., being stopped and arrested, time-varying.

Data analysis

We summarized baseline data using frequency and proportions or median and
interquartile range (IQR). Participants’ characteristics for those who reported receptive
syringe sharing at baseline were compared to those who did not, using the Wilcoxon rank
sum test for continuous variables and Chi-square test, or Fisher's exact, for categorical

variables.
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In order to investigate the longitudinal association between cumulative
incarceration and receptive syringe sharing, we used logistic regression with generalized
estimating equations (GEE). We specified an exchangeable correlation structure to
account for the correlated nature of the repeated measurements among study
participants. We assessed the unadjusted association between receptive syringe sharing
and each of our a priori selected factors. We then fitted a multivariable adjusted model,
where we first included all of our a priori selected factors and retained a final set after
backward elimination using a cut-off p-value of 0.20 (63). This process was repeated for
each outcome variable. Cumulative incarceration events were assessed continuously and
categorically. Additionally, we tested for a dose-response relationship between
cumulative incarceration categories and receptive syringe sharing using the Cochran-
Armitage trend test. This test examines if there is a monotonic trend between an ordered
categorical exposure and a dichotomous outcome (64).

We developed a separate multivariable GEE model to assess the post-release

period.

Treatment of missing data

We assessed the proportion and patterns of missing data across study visits. We
initially performed analyses on those with complete data. To account for the potential
selection bias derived from this approach, participants with missing observations were
incorporated to the analysis using multiple imputation by chained equations (MICE

package, R) (65). This method can handle missing data assuming data are missing at
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random, i.e., missingness can be accounted for by observed covariates (66). We imputed
all covariates measured at each visit after baseline using our full set of covariates as
predictors. We imputed 15 data sets that were used to conduct our analyses. The
estimates obtained from each imputed dataset were pooled based on Rubin’s criteria

(65). A detailed account of this process is provided in the supplement.

Results

From the 734 participants in El Cuete-IV study, this analysis included 185 who met

the criteria of never being incarcerated at baseline.

Missing data over follow-up

Across study visits, we identified both monotonic (permanent loss to follow-up) and
intermittent (missing a visit but subsequently participating again) missing data patterns
(supplemental Figures A1-A2). After baseline, starting at the first follow-up (visit 2) the
proportion of missing observations (both monotonic and intermittent) was 21% which
increased to 42% by visit 10. Monotonic missing data accounted for 3.5% of the total

missing data at visit 2 and progressed to 4.9% in visit 10.

Baseline characteristics

Baseline characteristics are presented in Table 2.1. Participants were

predominantly female (67%). Median age was 35 years (interquartile range [IQR] 29-42).
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Participants had injected drugs for a median of 13 years (IQR 5-20) and heroin injection
was the main drug and administration route of choice (96%). At baseline, 65% participants
reported engaging in receptive syringe sharing in the past 6 months, 81% reported ever
having received professional help for drugs or alcohol use, and 21% reported getting
syringes from a syringe exchange program in the past 6 months. Less than half of
participants (38%) reported having been stopped and arrested in the 6 months prior to

the baseline interview.

Incarceration events over follow-up

Among the complete cases, 113 (61%) participants experienced a total of 245
incarceration events over the follow-up period (9 visits after baseline). After multiple
imputation, 150 (81%) participants experienced a total of 358 incarceration events over
the same follow-up period (median 2; IQR 2-3; min 0, max 8, per person).

Overall, 85 (75%) participants reported remaining in custody between one and
three days (median=2, IQR: 1-3, min=1, max=180), with only 9% reporting over 1 month
in custody. Also, 75% of participants experienced up to three short-term incarcerations

with 9 (5%) reaching 6-8 in a 5-year period.

Univariable analysis

From multiply imputed (MI) data, compared to those who were never incarcerated,

participants who experienced 2 to 3 incarcerations had higher odds of reporting receptive
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syringe sharing over the past 6 months (odds ratio [OR] 1.45, 95% confidence interval
[CI] 1.05-2.00) and those with more than 3 incarcerations had an almost twofold increase
in the odds of engaging in receptive syringe sharing (OR 1.98, 95% CI 1.11-3.52) (Table
2.2). Injecting methamphetamine (OR 1.63, 95% CI 1.14-2.33), using cocaine (including
crack cocaine) (OR 2.15, 95% CI 1.30-3.55), getting syringes from a shooting gallery (OR
2.02,95% CI 1.29-3.17), and being arrested (OR 1.51, 95% CI 1.38-1.65) were positively
associated with receptive syringe sharing. Polysubstance use was negatively associated

with receptive syringe sharing (OR 0.70, 95% CI 0.56-0.87).

Cumulative incarceration and receptive syringe sharing

In multivariable analyses from imputed data, we found that compared to those
never incarcerated, the odds of receptive syringe sharing increased for participants
reporting one incarceration (adjusted odds ratio [aOR] 1.28, 95% CI 0.97-1.68), 2 to 3
incarcerations (aOR 1.42, 95%CI 1.02-1.99), and those with three or more incarcerations
had double the odds of engaging in receptive syringe sharing over follow-up (aOR 2.10,
95% CI 1.15-3.85) (Table 2.3). The Cochran-Armitage test showed evidence of a trend
between increasing number of incarceration events and receptive syringe sharing
(p=0.003). When cumulative incarceration was treated as a continuous variable, each
additional incarceration event increased the odds of syringe sharing by 18% (aOR 1.17,
95% CI 1.05-1.29).

Injecting methamphetamine (aOR 1.58, 95% CI 1.06-2.36), using cocaine (aOR

2.06, 95% CI 1.19-3.58), and receiving syringes from shooting gallery (aOR 1.88, 95% ClI
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1.17-3.04) were independently associated with receptive syringe sharing. Polysubstance
use resulted in a decreased risk of receptive syringe sharing (aOR 0.70, 95% CI 0.55-

0.89).

Post-release period and receptive syringe sharing

Compared to participants never incarcerated during follow-up, those released
within the past 6 months had 1.53 (95% CI 1.14-2.05) higher odds of sharing syringes
and those released in the previous 6 months to 1.5 years had 1.41 (95% CIl 1.04-1.91)
higher odds of sharing syringes (Table 2.4). There was limited evidence of increased
syringe sharing for those reporting being released in the previous 1.5 to 2.5 years (aOR
1.15, 95% CI 0.74-1.78), as well as for those reporting release 2.5 years ago or longer
(aOR 1.21, 95% CI 0.67-2.19).

We report results for incarceration as a dichotomous variable (Table A7) and from

complete case analyses in the supplement (Tables A3 to A7).

Discussion

In this longitudinal study of PWID in Tijuana, Mexico, we included participants with
no history of incarceration at study entry, to examine the association between cumulative
incarceration events and the post-release period, with receptive syringe sharing over
time. We found that individuals with more cumulative incarceration experiences had
increased odds of receptive syringe sharing compared to individuals who had never been

incarcerated, with every additional incarceration episode increasing the odds of syringe
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sharing by 17% (aOR 1.17, 95% CI 1.05-1.29). Furthermore, the post-release period was
associated with increased odds of receptive syringe sharing, which persisted up to 1.5
years post-incarceration but then waned. These findings suggest that the effects of
incarceration on injecting risk are cumulative and persist in the post-release period.

These results contribute to identifying a risk profile of PWID in Tijuana who, in the
context of de facto criminalization, are more likely to engage in injecting risks. Indeed, we
previously identified some of the disruptive effects of criminalization on PWID in Tijuana
(21, 57, 67-69). For example, being arrested for carrying unused/sterile syringes, even
when syringe purchase and possession is legal in Mexico, was independently associated
with a twofold higher odds of receptive syringe sharing (21). However, we still knew little
about the long-term effects of punitive policing in this setting.

Our findings expand upon the above as increased exposure to punitive policing, in
the form of repeated incarceration, likely due to possession of drugs or drug paraphernalia
related infractions (67), inhibits PWID from safe injecting practices (17). Similarly, the
post-release period has been characterized by high injecting risks, which might disrupt
engagement in safe injecting practices due to the lasting effects of punitive policing such
as fear of carrying clean syringes or injecting hurriedly in the street, both previously
associated with syringe sharing (18, 19).

Understanding the iatrogenic effect of incarceration in the PWID cohort has a
number of policy implications. First, it highlights the imperative to reduce the number of
encounters with the criminal legal system, even among those with a history of such
encounters. Effective implementation of deflection and diversion programs can help

operationalize this. When encounters do occur, public health prevention dictates that the
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harm from these encounters must be anticipated and addressed. This includes improving
harm reduction programming inside detention settings (70). In Tijuana, this includes
syringe service programs and opioid agonist treatment (OAT) (71). Such a policy shift
becomes particularly relevant among PWID communities in Tijuana and other border
cities in Mexico, where injection drug use is more common than in the rest of the country
(33).

Previously, Mexico adopted a public health-oriented drug policy reform (2009-
2012) that favored treatment and harm reduction instead of incarceration but failed to
materialize (41, 42,57, 67). Relying on incarceration has likely worsened health outcomes
among PWID. This article underscores the impact of detention experience on BBI risk,
but that is only one area of health harms emanating from carceral systems to PWID, their
partners, and broader community. Effective implementation of these policies and shift
towards evidence-based drug treatment during incarceration and after incarceration (e.g.,
OAT), would decrease the risk of BBI (72, 73). This is especially urgent during the COVID-
19 pandemic, when detention settings are an important driver of infection spread.

About polysubstance use’s protective effect on receptive syringe sharing. We think
this effect is driven by the inclusion of different routes of drug administration in this
variable which may not directly impact injecting risks. For example, approximately 41%
of participants reported smoking methamphetamine compared to 28% injecting. Also,
around 20% of participants ingested tranquilizers (no alternative route was reported).
These, in contrast with participants in the non-polysubstance group mostly constituted by

individuals injecting heroin (95%).
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Limitations

Our study is not without limitations. The El Cuete survey was not specifically
developed to explore pre-, during-, and post-incarceration behaviors and risks. As we did
not collect data on the specific dates of incarceration and release, our precision on
behavior change is limited. Another limitation may stem from the heterogeneity in
incarceration exposures. While most of our participants (75%) were in custody for only 1-
3 days, a minority remained in custody for more than a month and up to 6 months. The
impact of time spent in custody, not assessed in our analysis due to lack of precise data,
may be critical in terms of the changes in risk behaviors around the incarceration
continuum and warrants further exploration.

We also recognize the high proportion of missing data as a limitation. We believe
that our assumption of missing at random (MAR) is plausible as it was assessed through
observable variables included in our imputation model (66, 74-76). Complete case
analyses under MAR could be biased (i.e., missing observations are related to patients’
characteristics), and the multiple imputation combined with the GEE have been shown to
be suitable for addressing this selection bias (66).

Additional limitations may include the following. As is common in research with
PWID, data collected through self-report may be subject to imprecision due to recall and
social desirability (77). Generalizing our results to other contexts should be taken with
caution. For example, border cities like Tijuana have drug use patterns that differ from
other cities in Mexico. Also, our subsample consisted of a higher proportion of female
(67%) than male (33%) participants, which is not commonly observed among PWID

populations. This was due to most men (72%) reporting previous incarceration at baseline
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who were excluded from the study, while only 28% of women had been previously
incarcerated (Supplemental Table A7). However, we also consider this a strength as
women have been underrepresented in studies among PWID (78). We did not examine
HIV incidence because it is low and could not detect a difference between exposure
groups in our already narrowed subsample. We did not conduct HCV testing however
previous evidence indicates that most PWID in Tijuana have already been exposed (36).
All-cause mortality has already been assessed in West, Abramovitz (35). This analysis
was not pre-registered, results should be considered exploratory.

Overall, recent incarceration was associated with increased risk of receptive
syringe sharing. The association was stronger for individuals reporting repeated
incarceration events and persisted in the post-release period. Our results underpin the
need to reduce incarceration and strengthen the link to harm reduction services in the
community. This linkage is particularly germane to Tijuana and similar settings, where
incarceration and reincarceration for low-level offenders is high and access to health

services is poor.
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Tables

Table 2. 1. Baseline characteristics of people who inject drugs enrolled in El Cuete-IV
cohort in Tijuana, Mexico, who reported never being incarcerated, stratified by receptive
syringe sharing in the past 6 months

Receptive Syringe Sharing

Variables (1)(2)(3)(4) Overall No Yes p-
value
n 185 64 121
Age (median [IQR])(5) 35.0[29.0, 37.0[30.75, 35.0[29.0, 0.242
42.0] 43.0] 42.0]
Gender (%)
Male 62 (33.5) 22 (34.4) 40 (33.1) 0.987
Female 123 (66.5) 42 (65.6) 81 (66.9)
Hours spent on Street 10.0 [6.0, 8.50 [4.75, 11.0[8.0, 0.013
(median [IQR]) 13.0] 12.00] 15.0]
Years of Education (median 9.0[6.0,11.0] 9.0[6.0,10.3] 9.0[7.0,11.0] 0.075
[IQR])

Income from Formal
Source (%)

No 161 (87.0) 56 (87.5) 105 (86.8) >0.99
Yes 24 (13.0) 8 (12.5) 16 (13.2)
Time Injecting (median 13.0 [5.0, 16.0 [9.0, 12.0 [4.0, 0.067
[IQR]) 20.0] 20.3] 20.0]

Whole Life in Tijuana (%)
No 118 (63.8) 34 (53.1) 84 (69.4) 0.042
Yes 67 (36.2) 30 (46.9) 37 (30.6)

Used Heroin (%)

No 8 (4.4) 2(3.2) 6 (5.1) 0.716
Yes 173 (95.6) 61 (96.8) 112 (94.9)

Used Methamphetamine
(%)
No 91 (49.2) 34 (53.1) 57 (47.1) 0.533
Yes 94 (50.8) 30 (46.9) 64 (52.9)

Used Cocaine/Crack (%)
No 161 (87.0) 57 (89.1) 104 (86.0) 0.712
Yes 24 (13.0) 7 (10.9) 17 (14.0)

Injected Heroin (%)
No 8 (4.4) 2(3.2) 6 (5.1) 0.716
Yes 173 (95.6) 61 (96.8) 112 (94.9)
Injected Methamphetamine

(%)
No 135 (73.0) 49 (76.6) 86 (71.1) 0.532
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Table 2.1. Baseline characteristics of people who inject drugs enrolled n El Cuete-IV
cohort in Tijuana, Mexico who reported never being incarcerated m stratified by receptive
syringe sharing in the past 6 months, Continued

Receptive Syringe Sharing

Variables (1)(2)(3)(4) Overall No Yes p-
value
Yes 50 (27.0) 15 (23.4) 35 (28.9)
Polysubstance use
No 69 (38.3) 29 (45.3) 40 (34.5) 0.204
Yes 111 (61.7) 35 (54.7) 76 (65.5)

Got syringes from shooting
gallery (%)
No 169 (91.4) 62 (96.9) 107 (88.4) 0.058
Yes 16 (8.6) 2(3.1) 14 (11.6)
Got syringes from
exchange program (%)
No 164 (88.6) 57 (89.1) 107 (88.4) >0.99
Yes 21 (11.4) 7 (10.9) 14 (11.6)
Professional Help for
Drugs/Alcohol (%)

No 104 (56.2) 38 (59.4) 66 (54.5) 0.635
Yes 81 (43.8) 26 (40.6) 55 (45.5)
Stopped and Arrested (%)
No 114 (61.6) 42 (65.6) 72 (59.5) 0.512
Yes 71 (38.4) 22 (34.4) 49 (40.5)
Income from Sex Work
No 124 (67) 43 (67.2) 81 (66.9) >0.99
Yes 61 (33) 21 (32.8) 40 (33.1)

(1) All variables are reported for the past 6 months except for age, gender, years of
education, and sex work (past year).

(2) Median [IQR] reported for continuous variables and proportions otherwise.

(3) A small percentage of missing values was reported for years of education (2.2%)
and for Heroin Use and Heroin Injecting (6.5%).

(4) Chi-square test with continuity correction for categorical variables (except for
used heroin, heroin injection, and got syringes from shooting gallery, which display
cell counts <5 observations, in which case the Fisher’s exact test was used) and
Wilcoxon rank sum (Mann-Whitney U) test for continuous variables.

(5) Full range for age [min, max]: overall [18, 60], receptive syringe sharing (yes) [18,
59], receptive sharing syringes (no) [19, 60].
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Table 2. 2. Cumulative incarceration and other factors associated with receptive syringe
sharing. Univariable GEE for multiply imputed data.

Variable (1) Unadjusted 95% CI (2)
odds ratio (OR)

Cumulative incarceration (ref: no)

One 1.23 0.95 1.61

2t0 3 1.45 1.05 2.00

>3 1.98 1.11 3.52

Age 0.99 0.97 1.00
Time injecting (3) 0.99 0.98 1.01
Gender (ref: male) 0.95 0.74 1.20
Always living in Tijuana 1.29 1.00 1.65
(ref: no)
Hours spent on Street 1.02 1.00 1.04
Heroin injecting (ref: no) 1.17 0.92 1.49
Methamphetamine 1.63 1.14 2.33
injecting (ref: no)
Cocaine Use (ref: no) 2.15 1.30 3.55
Polysubstance use (ref: 0.70 0.56 0.87
no)
Getting professional help 0.82 0.60 1.12
for alcohol and drug use
(ref: no)
Syringe Exchange (ref: no) 1.28 0.96 1.69
Getting syringes from 2.02 1.29 3.17
shooting gallery (ref: no)
Arrested 151 1.38 1.65
Income from Sex Work 0.83 0.67 1.07
(1) Multiple imputation using chained equations generating 15 imputed data sets.
Imputed sets come from longitudinal data including 9 follow-ups after baseline
(10 visits).
(2) Covariates in bold if significant at 5% in the univariable regression.
(3) Time injecting was not included in multivariable analyses due to high
correlation with age.
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Table 2. 3. Cumulative incarceration and other factors associated with receptive syringe
sharing. Multivariable adjusted GEE for multiply imputed data.

Variable (1) (2) Adjusted odds 95% CI (3)
ratio (aOR)

Cumulative Incarceration
(ref: none) (4)

One 1.28 0.97 1.68

2t03 1.42 1.02 1.99

>3 2.10 1.15 3.85

Age 0.98 0.97 1.00
Heroin injecting (ref: no) 1.27 0.97 1.66
Meth injecting (ref: no) 1.58 1.06 2.36
Cocaine use (ref: no) 2.06 1.19 3.58
Polysubstance use (ref: 0.70 0.55 0.89
no)
Getting syringes from 1.88 1.17 3.04
shooting gallery (ref: no)

(1) Multiple imputation using chained equations generating 15 imputed data sets.
Imputed sets come from longitudinal data including baseline and 9 follow-ups.
(2) Covariates reported are the final set retained after backward elimination
using a cut-off p-value of 0.20.

(3) Covariates in bold if significant at 5% in the multivariable regression.

(4) We also assessed cumulative incarceration as continuous variable, instead
of categorical, same set of covariates were retained (aOR 1.17, 95% CI 1.05-
1.29).
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Table 2. 4. Post-Release Period and other factors associated with receptive syringe
sharing. Multivariable adjusted GEE for multiply imputed data.

Variable (1) (2) Adjusted odds 95% CI (3)
ratio (aOR)
Post-Release Categories
(ref: none)
Recent (p6m) 1.53 1.14 2.05
Past (6m-1.5yrs 1.41 1.04 1.91
Past (1.5yrs-2.5yrs) 1.15 0.74 1.78
Past (> 2.5) 1.21 0.67 2.19
Age 0.98 0.97 1.00
Heroin injecting (ref: no) 1.23 0.95 1.61
Meth injecting (ref: no) 1.52 1.03 2.25
Cocaine use (ref: no) 1.99 1.15 3.48
Polysubstance use (ref: 0.70 0.55 0.88
no)
Getting syringes from 1.90 1.18 3.01
shooting gallery (ref: no)
(1) Multiple imputation using chained equations generating 15 imputed data sets.
Imputed sets come from longitudinal data including baseline and 9 follow-ups.
(2) Covariates reported are the final set retained after backward elimination
using a cut-off p-value of 0.20.
(3) Covariates in bold if significant at 5% in the multivariable regression.
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Chapter 3. Modelling the contribution of incarceration and public health oriented
drug law reform to HCV transmission and elimination among PWID in Tijuana,
Mexico

Abstract

Background: Incarceration is associated with increased risk of hepatitis C virus
(HCV) and HIV acquisition among people who inject drugs (PWID). Mexico’s previous
attempt in implementing a public health-oriented drug law reform (partially decriminalizing
possession of drugs and diversion to drug treatment) resulted in minimal impact on
incarceration among PWID. However, implementation of reforms alongside Mexico’s
HCV elimination program has the potential to dramatically reshape the HCV epidemic
among PWID in the next decade. We use data from a longitudinal cohort of PWID in
Tijuana, Mexico, to inform epidemic modeling to assess the contribution of incarceration
and fully implemented drug reform on HCV transmission and elimination among PWID.

Methods: We developed a dynamic, deterministic model of incarceration, HCV
transmission and disease progression among PWID. The model was calibrated to data
from Tijuana, Mexico, with 90% HCV seroprevalence among an estimated 10,000 PWID.
Compared to those never incarcerated, previously incarcerated PWID had a 1.10-1.42
relative risk of syringe sharing, depending on recency and cumulative number of
incarcerations. Using our calibrated model, we estimated the 10-year population
attributable fraction (PAF) of incarceration on HCV incidence among PWID. We
additionally simulated the potential impact of the following scenarios: 1) decriminalization
(80% reduction in incarceration and reincarceration rates from 2022); 2) fully implemented

drug law reform from 2022 (decriminalization and diversion to opiate agonist therapy
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[OAT]); 3) integrating drug law reform with HCV treatment (direct-acting antivirals [DAA]),
scale-up to 500 DAA/year from 2022. We also assessed the number DAA needed to
reach the 80% incidence reduction elimination target by 2030 under these scenarios.

Findings: Our model projected that incarceration is associated with 5.4% (95%
uncertainty interval [Ul]: 0.6-11.9%) of new HCV infections among PWID in Tijuana
between 2022-2032. Fully implemented drug law reforms (decriminalization and OAT
diversion) could reduce HCV incidence rate by 10.6% (Ul: 3.1-19.2%) across 10 years
(corresponding to 304 [95%Ul: 82-576] infections). Fully implemented drug law reform
could reduce the number of DAA required to achieve Mexico’s HCV incidence elimination
goal by 14.3% (Ul: 5.3-17.1%).

Conclusions: Among PWID in Tijuana, Mexico, incarceration continues to drive
HCV transmission but full implementation of public health-oriented drug law reform with
decriminalization and diversion to OAT could play an important role in reducing HCV
incidence. This approach, if delivered alongside scale-up of DAA, could improve the

feasibility of reaching the HCV incidence elimination target by 2030.

Introduction

Approximately, 71 million adults worldwide live with hepatitis C virus (HCV)
infection (44), around 80% of these among people living in low- and middle-income
countries (LMICS) (5). If left untreated, HCV infection can progress to chronic liver
disease, hepatocellular carcinoma, and death (11). People who inject drugs (PWID) are

a key risk group for HCV transmission with global estimates pointing to 67% (~10 million)
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having a history of HCV infection (13). Moreover, estimates suggest that removing the
increased risk for HCV transmission among PWID would prevent 43% of overall incident
HCV infections between 2018 and 2030 (79).

For PWID, the incarceration continuum (detention, incarceration, and post-
release) represents a period of elevated injecting risks characterized by disruption of
harm reduction services, increased risks of syringe sharing, disruption of social networks,
among others (2, 3, 26, 53, 80). Results from a global meta-analysis show a strong
association between recent incarceration and increased risk of acquiring HIV ((relative
risk [RR] 1.81, 95% confidence interval [Cl] 1.40-2.34)) and HCV (RR 1.62, 95% CI 1.28-
2.05) among PWID (16). Increased frequency of syringe sharing along the incarceration
continuum has been identified as a mechanism elevating HIV/HCV infection risks (2, 26).
One epidemic modeling study estimated that the risks associated with incarceration and
post-release contribute to 28% of HCV transmission among PWID in Scotland from 2015—
2030 (81).

In Tijuana, Mexico— the site of our analysis and a border city situated along a
major trafficking route to the United Sates— our previous longitudinal analysis found that
individuals with repeated incarceration experiences had increased odds of receptive
syringe sharing compared to individuals who had never been incarcerated, with every
additional incarceration episode increasing the odds of syringe sharing by 17% (aOR
1.17, 95% CI 1.05-1.29). Furthermore, the elevated risk observed among recently
released PWID persisted after the first 6 months of release (82). In Tijuana, among PWID,
close to 80% have a history of incarceration (30), 90% had a history of HCV infection in

2018 (36, 37), and HIV prevalence is 4% in 2008 (38, 39). A previous modeling study
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estimated that incarceration could contribute to 7% (95%CI: 3-14%) of new HIV infections
among PWID in Tijuana from 2012 to 2030 (31), but its impact on HCV transmission
among PWID in Tijuana is unknown.

Public health oriented drug-law reform including decriminalization may facilitate
achieving HCV elimination by reducing the risk associated with incarceration and
facilitating access to evidence-based drug treatment. In 2009, Mexico enacted a series
of drug and health law reforms (‘Narcomenudeo’ reforms) including decriminalization of
small amounts of selected drugs for personal consumption and diversion to drug
treatment upon reoffending (henceforth fully implemented public health oriented drug
reform) (40). Among PWID in Tijuana, a study modeling the impact of the Narcomenudeo
reforms on HIV transmission found little impact— mainly due to short-falls at street level
implementation including lack of knowledge of the reforms (42, 67)— but that proper
implementation of drug policy reform could prevent 20% of new HIV infections between
2018 and 2030 (31). However, the impact of incarceration and implementation of drug
law reform on the HCV epidemic among PWID in Mexico has not been evaluated.

In 2016, the World Health Organization (WHO) set goals to eliminate HCV as a
public health threat, consisting of an 80% reduction in HCV incidence and a 65%
reduction in HCV-related mortality by 2030 (44). Consistent with the WHO’s HCV
elimination targets, Mexico became one of the first Latin-American country to launch an
HCV elimination strategy in 2019 (45, 46). However, since Mexico’s strategy included
modest HCV treatment provision (13,500 direct-acting antiviral treatments (DAA) among
an estimated 500,000 infected (46)), it is unclear whether this is sufficient to achieve

elimination targets.
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In this study, we use epidemic modeling to assess the contribution of incarceration
through injecting risks to HCV transmission among PWID in Tijuana. We also assess the
impact of fully implemented public health oriented drug law reform on HCV incidence and
elimination. This work will inform policymaking surrounding criminalization of drug use
and how fully implemented public health oriented drug law reform could support HCV

elimination in Mexico.

Methods

Model description

We developed a deterministic, compartmental model of incarceration, HCV
transmission and disease progression among current PWID, and additionally track
disease progression among former PWID who have permanently cessated from injecting
(Figure 3.1; model equations in Supplement). The model structure was stratified by HCV
infection and disease stage (susceptible, pre-cirrhosis, compensated cirrhosis,
decompensated cirrhosis, and hepatocellular carcinoma), incarceration history (never
incarcerated, previously incarcerated but not as a PWID, 1 incarceration as a PWID, 2
incarcerations as a PWID, 3 incarcerations as a PWID, and more than 3 incarcerations
as a PWID), incarceration recency (recent incarceration [past 6 months] or non-recent
incarceration [longer than 6 months]), opiate agonist therapy [OAT] status (on/off), and
current injection status (PWID, former PWID).

Incarceration dynamics: New PWID enter the model as uninfected, a proportion

with a history of incarceration prior to becoming a PWID. PWID become incarcerated and
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re-incarcerated at constant rates based on local cohort data (31). We simulate elevated
risks associated with new incarcerations as a PWID (no elevated risk among those with
a history of incarceration prior to becoming a PWID). The model tracks both number of
incarceration as a PWID as well as recency of incarceration (Figure 3.2), with elevated
risks of syringe sharing associated with these factors based on our cohort data analysis
(82).

HCV natural history: The model is dynamic, such that infection occurs at a per-
capita rate proportional to the HCV prevalence among PWID in Tijuana, incarceration
stage, and OAT status. Those who do not spontaneously clear their acute infection
(~75%) progress to chronic infection, which if untreated can progress through the different
HCV disease stages: pre-cirrhosis, compensated cirrhosis (CC), decompensated
cirrhosis (DC), hepatocellular carcinoma (HCC), and death. We assume disease
progression is unidirectional (i.e., there is no backward movement from a later state to an
earlier one) (83).

HCV treatment: PWID can be treated for HCV in the form of direct-acting antivirals
(DAA) at a fixed number per year. If there are fewer numbers of chronic infections than
treatments, then the total number of infected PWID would be treated. After treatment, a
proportion achieves sustained viral response (SVR) while the remainder fail treatment
and remain chronically infected. Individuals who are successfully treated remain in their
disease stage but progress to the previously infected compartment where they are at risk
of re-infection. For those with SVR, individuals in the pre-cirrhosis stage experience no
further disease progression, whereas those in later disease stages continue to progress

at decreased rates compared to untreated individuals (84). At baseline, we assumed no
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HCV treatment among PWID based on cohort data and the only recent availability of DAA
in Mexico (85).

Opiate agonist therapy [OAT]: PWID can enter OAT, where we assume a RR 0.50
(95% CI 0.40-0.63) in reduction in the risk of HCV acquisition based on a global
systematic review (72). As the coverage of OAT is very low in Tijuana (<5%, (32)), we
assume no coverage at baseline. However, we explore scenarios of diversion to OAT

(instead of incarceration) in our decriminalization scenarios.

Model parameters

Parameters for the full model are shown in Table 3.1. The model was parametrized
to Tijuana, Mexico, with an estimated 10,000 current PWID (34). We calculated a 67%
chronic HCV prevalence based on a 90% HCYV seroprevalence among community PWID
in Tijuana in Fleiz-Bautista (36) and a 26% spontaneous clearance rate in Micallef, Kaldor
(86). Demographic, incarceration, mortality, and injecting behavior parameters were
obtained from El Cuete IV study, a longitudinal cohort of PWID in Tijuana (8, 31, 35). HCV
disease progression rates were obtained from published literature (12, 87-89) (see Table
3.1 and Supplemental Table B1).

Our model assumed that previously incarcerated individuals have an elevated risk
of syringe sharing, specific to their incarceration history (frequency and recency). Using
El Cuete data, among participants with no history of incarceration at baseline, we
assessed the association between incarceration and receptive syringe sharing over time
(20 visits follow-up time including baseline, approximately 4.5 years). From a log-binomial

regression with generalized estimating equations, we obtained relative risks of receptive
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syringe sharing for the different combinations of number and recency of incarceration
categories: never incarcerated (reference category); 1-2 incarcerations as PWID and
recently incarcerated (past 6 months [p6m]) (RR 1.24, 95% CI 1.05-1.47); 1-2
incarcerations as PWID and non-recently incarcerated (more than 6 months [>6m]) (RR
1.10, 95% CI 0.95-1.27); 3 or more incarcerations and recently incarcerated (p6M) (RR
1.42, 95% CI 1.15-1.74); 3 or more incarcerations and non-recently incarcerated (>6m)
(RR 1.27, 95% CI 0.93-1.72). We incorporated these relative risks as parameters in our
model to represent the increased risk in HCV transmission along the incarceration and

post-release stages (Table 3.1; details about relative risk calculation in supplement).

Model calibration

To introduce uncertainty in the model’s input parameters, we randomly sampled
values from each of the parameters’ uncertainty distribution to obtain 1,000 parameter
sets (Table 3.1). For each parameter set, the model was calibrated to HCV chronic
prevalence among PWID in 2018, assuming HCV is at steady-state based on studies
showing a stable historic chronic prevalence among PWID in Tijuana (36, 37). Model
calibration was achieved by minimizing the least squares fit to the prevalence data using
a global optimization solver (Isgnonlin with multistart in MATLAB version R2021a),

generating 1,000 model fits to the prevalence data.

Model analyses and scenarios
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10-year population attributable fraction (PAF) of incarceration estimation:
We estimated the PAF of incarceration to the cumulative HCV incidence over a 10-year
interval from 2022 to 2032 by simulating the following scenarios:
e Baseline: status quo levels of incarceration and re-incarceration, no DAA or
OAT.
¢ No elevated risks associated with incarceration: RR for all incarceration stages
setto 1 from 2022.
We calculate the 10-year PAF of incarceration by: PAF = 100* ((Cumulative # of new HCV
infections 2022-2032 for baseline— cumulative # new HCV infections for the no elevated
risks scenario) / Cumulative # of new HCV infections 2022-2032 for baseline). We
additionally simulate a scenario with no elevated risks associated with non-recent
incarceration (RR associated with non-recent incarceration = 1) and calculated the

associated PAF of non-recent incarceration as above.

10-year impact of decriminalization reforms on HCV incidence (2022-2032):
We assessed the impact of different decriminalization scenarios on HCV incidence:

e Decriminalization: 80% reduction in incarceration and re-incarceration rates from
2022-2032 (based on the proportion of injection drug use-related detentions
among PWID in Tijuana (31)).

e Fully implemented drug law reform, including decriminalization and diversion to
OAT from 2022-2032: 80% reduction in incarceration and reincarceration rates;
Individuals who are not incarcerated/reincarcerated are diverted to OAT, as

originally intended in the Narcomenudeo reform.
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e Integrated drug law reform and DAA scale-up from 2022—-2032: Fully implemented
drug law reform (as above) and DAA treatment of 500 PWID/year through 2032
based on estimates for national DAA allocation to Tijuana if allocated proportionally

to HCV cases (355-600) from Marquez, Cepeda (85).

Combination intervention to reach HCV elimination goals by 2030: We also
determined the levels of DAA required to achieve the HCV elimination goal of 80%
reduction in HCV incidence from 2015-2030, considering the following combinations: only
DAA, DAA and decriminalization, DAA and fully implemented drug law reform

(decriminalization + OAT diversion) from 2022—-2032.

Sensitivity analyses

We calculated partial rank correlation coefficients (PRCC) to assess the sensitivity

of the PAF of incarceration to parameters’ uncertainty (90, 91). The PRCC capture the

independent effects between each input parameter and the outcome variable while

keeping all other parameters constant (92).

Results

Status quo model projections

Among the estimated 10,000 current PWID in Tijuana, our calibrated model

estimated that 6,700 (95% Uncertainty Interval (Ul): 6,690-6,740) were chronically
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infected with HCV in 2022. HCV incidence was estimated at 21 per 100 person years
(100py) (Ul: 17-27 per 100py) resulting in 700 (Ul: 550-900) new infections among current
PWID in 2022. Moreover, 188 (95% UIl: 120-280) PWID advanced to end stage liver
disease (ESLD) with 34 (Ul: 19-51) HCV-related deaths, in that same year.

According to model estimates, by the year 2022, approximately 55% of current
PWID had experienced incarceration (among these 9% were recently incarcerated). Of
those who had experienced incarceration, 1,830 (Ul: 1,280-2,310) current PWID were
incarcerated one time, 1,155 (Ul: 670-1,339) were incarcerated two times, and 2,570 (Ul:

320-4,710) were incarcerated 3+ times.

10-year PAF of incarceration to HCV transmission among PWID in Tijuana (2022 to 2032)

The model projected that between 2022-2032, removing the elevated risk of
incarceration would prevent 5.4% (Ul: 0.6-11.9%) of new HCV infections (in other words,
the 10-year PAF of incarceration to HCV incidence is 5%), equivalent to 404 (Ul: 47-912)
newly infected PWID across this period. The majority of these infections are due to the
persistently elevated risk more than 6 months after release; removing elevated risks
associated with non-recent incarceration would prevent 4.3% (Ul: 0.08-10.6%) of new

HCYV infections, equivalent to 325 (Ul: 6-791) newly infected PWID (see Figure 3.3).

10-year impact of decriminalization reforms on HCV incidence (2022-2032)
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The model projected that if decriminalization were partially implemented in 2022
(and associated with an 80% reduction in incarceration among PWID), over the next 10
years, the HCV incidence rate would be reduced by a relative 5.2% (Ul: 1-10.7%; see
Figure 3.4). If drug law reform were fully implemented (80% reduction in incarceration
and diversion to OAT), the HCV incidence rate would be reduced by 10.6% (Ul: 3.1-
19.2%), from 21 per 100py (Ul: 17-27 per 100py) to 19 per 100py (Ul: 14-25 per 100py)
by 2032. Fully implemented drug law reform plus scale-up of DAA to 500 treatments/year

could reduce HCV incidence rate by 41.8% (Ul: 33.2-49.7%) over the 10 year period.

Achieving an 80% incidence reduction among PWID in Tijuana by 2030

Modeling indicated that if DAA is not scaled-up, drug law reform would not be
enough to meet the HCV elimination targets (Figure 3.5), but could play an important role
in increasing the feasibility of HCV elimination. To achieve Mexico’s 80% HCYV incidence
reduction goal by 2030 (equivalent to reducing incidence from 21 per 100py to 4 per
100py over 2015-2030) among PWID in Tijuana, the annual treatment rates for different
intervention combinations during the first year of implementation are shown in Figure 3.6.
Under a DAA only strategy, 1,400 (Ul: 950-2,050) DAA per year, equivalent to reducing
20% of chronic infections in the first year, would be required to achieve the HCV incidence
reduction goal by 2030. If in addition to DAA, decriminalization was implemented, the
mean annual rate of DAA needed to achieve the HCV incidence target would diminish to
1,350 (Ul: 850-1,850) individuals. Furthermore, DAA implemented in combination with

fully implemented drug reform would reduce the annual DAA needed to achieve the HCV
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incidence target (to 1,200 [UIl: 900-1,700]) PWID, saving 200 DAA treatments per year

compared to the DAA only scenario (a 14.3% reduction in the number of DAA).

Sensitivity analysis

Sensitivity analysis revealed that the most influential parameters contributing to
prediction imprecision of the incarceration PAF, were the reincarceration rate (correlation
coefficient (r)=0.86, p-value (p)<0.001), the longer-term elevated risks from non-recent
incarceration (more than 6 months) for those people who had been incarcerated 1-2 times
(r=0.80, p<0.001) and the proportion of PWID incarcerated 3-4 times (r=0.84, p<0.001).

See Figure 3.7 (PRCC and significance levels provided in supplement).

Discussion

We investigated the contribution of incarceration to the HCV epidemic among
PWID in Tijuana, and the impact of public health-oriented drug law reform on HCV
elimination strategies. Our projections suggest that incarceration is associated with 5%
of new HCV infections among PWID in Tijuana over the next decade. Full implementation
of the public health-oriented drug law reforms in Mexico (including decriminalization and
diversion to OAT) could reduce HCV incidence by 11% between 2022-2032, and also
reduce the number of DAA required to achieve Mexico’s HCV elimination goals by 2030
saving 200 DAA treatments per year compared to the DAA only scenario (a 14.3%

reduction in the number of DAA).
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Comparison with existing studies

Our results are consistent with findings from an earlier study among PWID in
Tijuana focusing on the impact of drug policy reform on HIV transmission, which found
that an 80% reduction in incarceration would result in 9% reduction of new HIV infections
between 2018-2030, similar to our 5% reduction in new HCV infections from 2022-2032.
Examples from other regions with harsh criminalization practices among PWID, include a
study in Ukraine suggesting 28-55% of new HIV infections over a 15 year period, to be
attributable to heightened HIV transmission risk among current or previously incarcerated
PWID (93).

Our estimates of incarceration PAF is lower than a modeling study in Scotland
which found that incarceration and the post-release period contributed to 28% of new
HCV infections over 2015-2030 (81). Although the Scotland study did not incorporate
residual risk among non-recent incarcerated PWID, both their elevated risk among recent
incarcerated PWID and reincarceration rate were higher than ours which could have led
to a higher PAF.

Our estimates of the annual treatments required to achieve the HCV incidence
elimination goal (approx. 1,400 the first year from 2022) is higher than our previous
publication, which estimated 770/year from 2019 (85), which was partly due to the shorter

time period to achieve elimination (8 years vs 11).

Implications
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From a public health implementation perspective, we find that incarceration
remains an important contributor to the HCV epidemic among PWID in Tijuana,
underscoring the importance of a public health-oriented approach to drug policy reform.
Further, if fully implemented, a public health-oriented drug policy approach could enhance
the ability for Mexico to achieve its HCV elimination target of reducing incidence by 80%
by 2030.

Although access to DAA among PWID has been historically very low, the present
administration in Mexico has embarked in a national hepatitis C elimination program,
through which DAA would be prioritized to vulnerable groups including incarcerated
individuals, sex workers, and PWID (45, 46). So far, it seems the program has mainly
focused on expanding HCV testing capabilities and training across the country (94).
However, it is still unclear how treatments have been administered across different
population groups or its geographical distribution. Nonetheless, the HCV elimination
program remains one of the administration’s flagships and substantial scale-up remains
possible.

For a combination of interventions to synergistically create the most benefits,
diversion to OAT is also necessary. Currently, OAT is prohibitively expensive for PWID
and not widely available (95). This scale-up is long overdue. Our estimates, together with
those of previously cited modeling studies, offer renewed prospects to rethink a public
health-oriented drug reform. Even with the WHO deadline fast approaching, substantial

gains can be achieved from implementing drug policy reform by 2030 and beyond.

Strengths and limitations
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A particular strength of our study is the use of longitudinal cohort data among PWID
in Tijuana to inform estimates of the elevated risk of syringe sharing (and therefore HCV
transmission) among those with a history of incarceration, stratified by number and
recency of incarceration. To our knowledge this is the first modeling study in a middle-
income setting to assess the impact of repeated and recent/non-recent incarceration on
HCV transmission among PWID. It is also the first to assess the impact of properly
implemented public health-oriented drug law reform on HCV elimination.

Our study is not exempt from limitations. First, although our estimates of the
association between incarceration history (recency and number of incarcerations) and
recent syringe sharing were derived from a longitudinal study of PWID in Tijuana, we
could not explicitly establish a causal relationship. Second, there is uncertainty in model
parameters. For example, there is uncertainty in our estimates for duration of injection.
This parameter is notoriously difficult to estimate (85), as the survey question of number
of years injecting does not equal number of years until permanent cessation. This
estimate is both right and left censored, i.e., people have not given up injecting yet and
the survey likely never captures those who inject for a very brief time and then give up,
so the direction of bias is unclear. Nonetheless, we used a wide uncertainty interval in
this estimate to represent the substantial uncertainty in the data. Third, we do not
incorporate the impact of the recent COVID-19 pandemic on future epidemic trajectory. It
is plausible that the pandemic could have affected HCV transmission through a number
of routes — a disruption to access to harm reduction (96, 97) or general health services
(98), as has been reported for other settings, could have increased HCV transmission.

Conversely, it is possible that a reduction in injection network size due to border closures
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or stay at home orders could have reduced HCV transmission risk. Given hospital
reconversions in Mexico (99) to address the COVID-19 pandemic, it is highly likely that
COVID-19 diverted human and material resources from competing health priorities,
particularly HCV. The impact of COVID-19 on the HCV elimination strategy in Mexico
remains unaccounted for, but data from the United States indicates that sustained
reductions in DAA initiations were observed through the end of 2020, and perhaps beyond
(100). Further research on the impact of COVID-19 on the risk environment and health

among PWID in Mexico and elsewhere is warranted.

Conclusion

Among PWID in Tijuana, Mexico, incarceration continues to drive HCV
transmission and full implementation of public health oriented drug law reform with
decriminalization and diversion to OAT could play an important role in reducing HCV
incidence. This approach, if delivered alongside scale-up of DAA, could additionally

improve the feasibility of reaching Tijuana’s HCV incidence elimination target by 2030.
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Figure 3.1. HCV model schematic
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Table 3. 1. Parameters used in full model and their sampling distributions

Parameter Symbol Sampled Sampling distribution Source and
(unit) (1) (2) parameter’s comments
mean and
95%
confidence
interval
Rate of new 0 Fit to 10,000
PWID PWID
initiations (per
year)
Proportion of | propHist .8 (31)
individuals with
a history of
incarceration
before entering
the model
Average I 17.45 (11.4- Uniform (31)
duration of 23.7) (min=11, max=24)
injecting until
permanent
cessation
(years)
Rate at which v 0.0573 Calculated as 1/Average duration of
PWID stop (0.0881- injecting until permanent cessation
injecting 0.0423)
(per year)
Mortality rate ul 0.0394 Poisson (0.040) West,
among PWID (0.0270-
(per year) 0.0530) Abramovitz
(35)
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Table 3.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter Symbol Sampled Sampling distribution Source and
(unit) () (2) parameter’s comments
mean and
95%
confidence
interval
Relative risk M 0.2492 Lognormal (aHR 0.25, Based on
reduction of 95% CI1=0.33-0.79) reduced risk of
mortality (0.1803- mortality
among PWID among PWID
who cease 0.3550) who had
injecting cessated in
West,
Abramovitz
(35)
Mortality rate u2 Calculated as
for former u2=pl*(1-
PWID (per M)=0.03
year)
Rate at which Uniform Borquez,
never T, 0.0261 (min=0.0007, Beletsky (31)
incarcerated (0.0017- max=0.052)
PWID become 0.0506)
primarily
incarcerated
(per year)
Reincarceration ® 0.2291 Uniform Borquez,
rate (0.0538- (min=0.047, max=0.42) Beletsky (31)
(per year) 0.4080)
Rate PWID ) 2 From duration
transition from of time PWID
recently spent in recent
released (p6m) incarceration
to non-recent compartment
released (>6m) (6 months) 12
m/6m=2
Number of ¢ 0 at baseline,
PWID recruited varied from
to treatment 2022 to meet
(per year) WHO goals by
2030
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Table 3.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter Symbol | Sampled Sampling distribution Source and
(unit) () (2) parameter’s comments
mean and
95%
confidence
interval
Proportion of p 0.9421 Beta (alpha=97, beta=6) Grebely,
treated PWID (0.8875- Dalgard (101)
who achieve 0.9771)
SVR
OAT n Varied for
recruitment rate different
(per year) decriminalization
scenarios
Rate PWID ! 1.5005 Uniform (min=1, max=2) Cornish,
leave OAT (per (1.4823- Macleod (102)
year) 1.5186)
Reduced risk of IT 0.5020 Normal (mean=-0.69, Calculated from
HCV (0.4039- SD=0.12)1 RR 0.50 (95%
transmission on 0.6417) C10.40-0.63) in
OAT compared (72)
to off OAT
HCV 0 90% (36).
Seroprevalence
Proportion of o 0.2609 Beta (alpha=176, | Micallef, Kaldor
PWID who (0.2272- Beta=499) (86)
clear infection 0.2934)
Chronic P 0.6652 0.67 from
prevalence (0.6359- P=0+*(1-a)
0.6956)
Disease c 0.0270 Normal Calculated from
transition rate (0.0254- (mean=0.027, METVIR scores
from pre- 0.0287) SD=0.0008) ( FO to F4)
cirrhosis to reported in
compensated Thein, Yi (12).
cirrhosis (CC)
(per year)
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Table 3.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter | Symbol | Sampled Sampling distribution Source
(unit) (1) (2) parameter’s and
mean and comments
95%
confidence
interval
Transition Y 0.0385 Beta Beta
probability (0.0213- (alpha=14.6168,beta=360.1732) | distribution
from CC to 0.0598) parameters
DC from
(per year) Martin,
Vickerman
(103)
based on
Fattovich,
Giustina
(87)
Disease £ 0.0142 Beta Beta
transition (0.0015- (alpha=1.9326, beta=136.1074) | distribution
probability 0.0405) parameters
from CC/DC from
to HCC Martin,
(per year) Vickerman
(203)
based on
Fattovich,
Giustina
(87)
Reduced €cp 0.0696 Lognormal (mean=-2.66, van der
relative risk (0.0256- | SD=0.48)* Meer, Veldt
from CCto 0.1741) (88)
DC (y) due
to SVR
Reduced €cn 0.2293 Lognormal (mean=-1.47, Morgan,
relative risk (0.1544- | SD=0.20)* Baack
from CC to 0.3368) (104).
HCC (y) due
to SVR
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Table 3.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter | Symbol | Sampled Sampling distribution Source
(unit) (1) (2) parameter’s and
mean and comments
95%
confidence
interval
Reduced €pn 1 This
relative risk transition is
from DC to assumed
HCC (&) due same with
to SVR and without
SVR

Disease us 0.1328 Beta Fattovich,
transition (0.0992- (alpha=51, beta=333) Giustina
probability 0.0.1715) (87)

per year
from DC to

death?

Disease L4 0.4292 Beta Beta
transition (0.3734- (alpha=117.1033, beta=155.23) | distribution
probability 0.4868) parameters

per year from

from HCC to Martin,
death Vickerman
(per year) (103)
based on
Fattovich,
Giustina
(87)
Factors Relative risks for incarceration states were estimated using
altering force longitudinal data from El Cuete study (see supplement)
of infection
by
incarceration
state:
1-2 r 1.2433 Lognormal (mean=0.2151, Calculated
incarceration (1.0483- | SD=0.0858)* from RR

events + 1.4785) 1.24 (95%
released Cl 1.05-
within pém 1.47)
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Table 3.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter | Symbol | Sampled Sampling distribution Source
(unit) (1) (2) parameter’s and
mean and comments
95%
confidence
interval
1-2 0 1.1005 Lognormal (mean=0.0953, Calculated
incarceration (0.9489- SD=0.0741)1 from RR
events + 1.2948) 1.10 (95%
released CI1 0.95-
>6m ago 1.27)
>3 K 1.4185 Lognormal (mean=0.3507, Calculated
incarceration (1.1393- | SD=0.1056)1 from RR
events + 1.7471) 1.42 (95%
released Cl 1.15-
within p6m 1.74)
>3 H 1.2592 Lognormal (mean=0.2390, Calculated
incarceration (0.9331- SD=0.1569)1 from RR
events + 1.7191) 1.27 (95%
released CI1 0.93-
>6m ago 1.72)

1. Lognormal distribution transformed to normal distribution for sampling, then
back to log scale.
2. Disease transition probabilities converted to instantaneous rates for the model.
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Chapter 4. Estimating the impact of a police education program on hepatitis C
virus (HCV) transmission and disease burden among PWID in Tijuana, Mexico: A
dynamic modeling analysis

Abstract

Background: Criminalization of drug use and some policing practices are key
structural drivers of hepatitis C virus (HCV) and HIV transmission, and overdose among
people who inject drugs (PWID). In 2009, Mexico enacted a series of drug and health law
reforms (‘Narcomenudeo’ reforms) including decriminalization of small amounts of
selected drugs and diversion to drug treatment. Lack of knowledge of the reforms among
police thwarted expected impacts. To close this gap, “Proyecto Escudo,” a police
education program (PEP) delivering training on occupational safety together with drug
policy changes and harm reduction content was implemented between 2015-2016 with
officer follow up until 2018. We used data from a parallel longitudinal cohort of PWID in
Tijuana, Mexico, to inform epidemic modeling and assess the long-term impact of
Proyecto Escudo on HCV transmission and burden among PWID in Tijuana.

Methods: We developed a dynamic deterministic model of HCV transmission and
incarceration among PWID and tracked liver disease progression among current and
former PWID. The model was calibrated to data from Tijuana, Mexico, with 90% HCV
seroprevalence among ~10,000 PWID. Compared to those never incarcerated,
previously incarcerated PWID had a 1.1-1.42 elevated risk of syringe sharing, depending
on recency and cumulative number of incarcerations. Comparing the period before
implementation of Proyecto Escudo to the period after, PWID experienced a 68%

reduction in the risk of incarceration. We used these metrics to inform our calibrated
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model and estimate the potential impact of the observed (2-year reduction in
incarceration) and an extended (10-year reduction in incarceration) police education
program over a fifty year follow up (2016-2066) on HCV outcomes (incidence, cirrhosis,
HCV-related deaths, and disability adjusted life-years [DALYS] averted).

Findings: We estimate that over the 2-year observed follow-up, Proyecto Escudo
reduced HCV incidence from 21.1 per 100 person years (/100py) (95% Uncertainty
Interval [UI]: 17—27/100py) in 2016 to 20.7/100py (UIl:16-26/100py) in 2018, averting 13
(UI: 3-26) infections from 2016-2018. Using a 50-year time horizon, a 2-year reduction in
incarceration from Proyecto Escudo could avert a total of 22 (Ul: 3-45) new infections
(0.06% [Ul: 0.01-0.13%] averted) and 120 (Ul: 19-260) cases of cirrhosis (0.05% [Ul:
0.01-0.1%] averted), and 4 (Ul: 1-9) deaths (0.05% [0.01-0.1%)] averted) compared to no
intervention. If continued for 10 years, Escudo could reduce HCV incidence to 20.1/100py
(16-26/100py) by 2026 and avert a total of 122 (20-255) new infections (0.4% [0.06-0.7%]
averted) and 640 (100-1,350) cases of cirrhosis (0.3% [0.05-0.6%] averted), and 22 (4-
50) deaths (0.5% [0.1-1.1%] averted) compared to no intervention over a 50-year time
horizon. This equates to a reduction of 9 (Ul: 1-19) and 45 (Ul: 7-100) DALYs for the 2-
and 10-year programs, respectively, a relative reduction of 0.05% (Ul: 0.01-0.1%) and
0.3% (UI: 0.05-0.6%) compared to no police education program.

Conclusions: Implementation of public health-oriented police education programs
can play an important role in reducing HCV transmission among PWID. Additional
benefits would likely be observed in terms of prevention of HIV and overdose. Cost-
effectiveness evaluations of police education programs incorporating these multiple

benefits are warranted.

64



Introduction

Globally, the burden of hepatitis C virus (HCV) infection continues to rise (9). HCV
is the most common infection among people who inject drugs (PWID), with global
estimates indicating 67% (~10 million) of PWID have a history of HCV infection (13).

Criminalization together with restrictive drug laws and their enforcement have been
identified as key structural drivers of health harms such as HCV and HIV transmission,
and overdose among PWID (3, 5, 6, 14-16). For example, syringe confiscation and worry
about arrest may disrupt engagement in safe injecting practices through fear of carrying
clean syringes or rushed injection on the street (17-20). Whereas the incarceration
continuum (detention, incarceration, and post-release) represents a period of elevated
injecting risks characterized by disruption of harm reduction services, increased risks of
syringe sharing, disruption of social networks, among others (2, 3, 26, 53, 80). A recent
global systematic review and meta-analysis found that PWID with a history of
incarceration have an elevated risk of HIV and HCV acquisition compared to those with
no history of incarceration (16). Although this risk was highest for those recently
incarcerated (released within past 12 months), the risk persists among those with past
incarceration (released longer than 12 months) (16). Our earlier work with PWID in
Tijuana found that both recent incarceration and number of incarcerations were
associated with increased risk in receptive syringe sharing (82). Other policing practices
such as syringe confiscation by the police, are associated with receptive syringe sharing
among PWID (17). As such, policing practices are important structural drivers of HIV and

HCV acquisition and transmission risk. Indeed, our previous modeling study found that
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incarceration will contribute to 5.4% (uncertainty interval [Ul]: 0.6-11.9%) of new HCV
infections among PWID by 2032 (unpublished) and 7% (95% confidence interval [CI]: 3-
14%) of new HIV infections among PWID in Tijuana by 2030 (31). Conversely, police
encounters with PWID can serve as an opportunity for deflection away from the justice
system and referral to harm reduction services (6).

Tijuana, Mexico is a border city situated along a major trafficking route to the United
States. Approximately 80% of PWID in this region have a history of drug-related arrests
and incarceration (30), 90% have a history of HCV infection in 2018 (36, 37), and HIV
prevalence was 4% in 2008 (38, 39).

In 2009, Mexico enacted a series of drug and health law reforms (‘Narcomenudeo’
reforms) including decriminalization of small amounts of selected drugs for personal
consumption and diversion to drug treatment for repeat low-level offenders (40). Previous
modeling found that changing the drug laws would have minimal impact on averting HIV,
likely due to poor implementation from police (31) and studies with PWID in Tijuana
supported this prediction; PWID reported experiencing no changes in policing practices
(2009 and 2014) (42, 67). To improve implementation of the Narcomendeo reforms, U.S.-
based investigators collaborated with the Tijuana Police Department leadership to deliver
a police education program (PEP), “Proyecto Escudo,”’(“Project Shield,” henceforth
Escudo) which focused on occupational safety, increasing officer knowledge of changes
in federal drug policy, and harm reduction content (6, 7, 43). Goals of Escudo included a
reduction of police occupational hazards when coming into contact with PWID (mostly
through needle stick injury) and concomitantly, reducing police encounters as a driver of

blood borne infections (BBI) among PWID (e.g. arrests and incarceration for syringe or

66



injection paraphernalia possession) (15). Earlier work found a promising impact of Escudo
in improvements in officer knowledge about policing practices that pose occupational
safety and attitudes toward addiction and PWID (7, 105). However, the impact of the
police education program on the HCV epidemic among PWID in Tijuana remains
unexplored.

In this study, we used estimates of the reduction in incarceration among PWID in
Tijuana after the implementation of Escudo derived from a community cohort of PWID to
inform epidemic modeling to predict the long-term impact of the Escudo program on HCV
incidence, disease burden, and mortality. This work will inform policymaking involving
criminalization of drug use and how police educational programs may contribute towards

HCV elimination among PWID in Mexico.

Methods

Model description

We extended our previously developed deterministic compartmental model of
incarceration and HCV transmission to track disease progression among both current
PWID and former PWID who have permanently cessated from injecting (Figures 1 & 2;
model equations in Methodological Supplement). The model was stratified by HCV
infection and disease stage (susceptible, pre-cirrhosis, compensated cirrhosis,
decompensated cirrhosis, and hepatocellular carcinoma), incarceration history (never

incarcerated, previously incarcerated but not as a PWID, 1 incarceration as a PWID, 2
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incarcerations as a PWID, 3 incarcerations as a PWID, and more than 3 incarcerations
as a PWID), incarceration recency (recent incarceration [past 6 months] or non-recent
incarceration [longer than 6 months]), and current injection status (PWID, former PWID).

HCV natural history: The model is dynamic, such that infection occurs at a PWID
per-capita rate proportional to the HCV prevalence among PWID in Tijuana, and
incarceration stage. Those who do not spontaneously clear their acute infection (~75%)
progress to chronic infection, which if untreated can progress through the different HCV
disease stages: pre-cirrhosis, compensated cirrhosis (CC), decompensated cirrhosis
(DC), hepatocellular carcinoma (HCC), and death. Disease progression is unidirectional
(i.e., there is no backward movement from a later state to an earlier one) (83). Progression
through HCV disease stages continues for infected PWID who have permanently
cessated from injecting.

Incarceration dynamics: New PWID enter the model as uninfected, with a
proportion having a history of incarceration prior to injection initiation. PWID become
incarcerated and re-incarcerated at constant rates based on local cohort data (31). We
simulate elevated risks associated with new incarcerations as a PWID (no elevated risk
among those with a history of incarceration prior to becoming a PWID). The model tracks
both number of incarceration as a PWID as well as recency of incarceration (Figure 3),
with elevated risks of syringe sharing associated with these factors based on our cohort
data analysis, described below (82). Once PWID report permanently cessate injecting

drugs, they are assumed to no longer be at risk for incarceration.

Model parameters
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Parameters for the full model are shown in Table 1. The model was parametrized
to Tijuana, Mexico, with an estimated 10,000 current PWID (34). We calculated a 67%
chronic HCV prevalence based on a 90% HCV seroprevalence among community PWID
in Tijuana in Fleiz-Bautista (36) and a 26% spontaneous clearance rate (Micallef, Kaldor
(86). Incarceration, background mortality, and injecting behavior parameters were
obtained from El Cuete IV study, a prospective, observational study among PWID in
Tijuana, Mexico (8, 31, 35). HCV disease progression rates were obtained from published

literature (12, 87-89) (see Table 1 and Supplemental Table C1).

Statistical analyses

Risk of receptive syringe sharing after repeated incarceration: Our model assumed
that previously incarcerated individuals had an elevated risk of syringe sharing (1.1-1.42,
see Table 1), specific to their incarceration history (frequency and recency). Using El
Cuete data, among participants with no history of incarceration at baseline, we assessed
the association between incarceration and receptive syringe sharing over time (10 follow-
up visits including baseline, approximately 4.5 years). We used a log-binomial model with
generalized estimating equations and an exchangeable correlation structure to account
for within-subject correlations, to obtain relative risks of receptive syringe sharing for the
different combinations of number and recency of incarceration categories. We defined
these categories as never incarcerated (reference category); 1-2 incarcerations as PWID
and recently incarcerated (past 6 months [p6m]) (RR 1.24, 95% CI 1.05-1.47); 1-2

incarcerations as PWID and non-recently incarcerated (more than 6 months [>6m]) (RR
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1.10, 95% CI 0.95-1.27); 3 or more incarcerations as PWID and recently incarcerated
(p6M) (RR 1.42, 95% CI 1.15-1.74); 3 or more incarcerations and non-recently
incarcerated (>6m) (RR 1.27, 95% CI 0.93-1.72). We incorporated these relative risks as
parameters in our model to increase HCV transmission along the incarceration and post-
release stages (Table 1).

Impact of Escudo on incarceration among PWID: We quantified the change in the
risk of recent (past 6 month) incarceration among PWID in Tijuana before and after the
Escudo police education program, using data from El Cuete study. To obtain this risk we
used a marginal log-binomial regression with generalized estimating equations assuming
an autoregressive (AR1) correlation structure to account for correlated observations
across time, with a robust sandwich estimator as the covariance estimator for fixed
effects. We compared the period that spans from the beginning of El Cuete study to the
beginning of the training component of the Escudo program (2011-2015) with the 2-year
follow-up period after the implementation of the Escudo training component (2016-2018).
We estimated a 68% lower risk of incarceration during Escudo follow-up period compared
to the period before implementation of Escudo (adjusted relative risk [aRR]: 3.1 [95% CI
2.5-3.8; Table 1]).

Additional details about El Cuete study and each statistical analysis can be found

in the methodological supplement.

Model calibration
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To introduce uncertainty in the input model parameters, we randomly sampled
1,000 parameter sets from each of the parameter’s uncertainty distribution (Table 1). For
each parameter set, the model was calibrated to HCV chronic prevalence among PWID
in 2018, assuming HCV is at steady-state based on studies showing a stable prevalence
among PWID in Tijuana (36, 37). Model calibration was achieved by minimizing the least
squares fit to the prevalence data using a global optimization solver (Isgnonlin with

multistartin MATLAB version R2021a), generating 1000 model fits to the prevalence data.

Model analyses and scenarios

The scenarios assessed included:

e Baseline: status quo levels of incarceration and re-incarceration, i.e., no Escudo
program.

e 2-year Escudo implementation: 68% reduction in incarceration and re-
incarceration rates from 2016 to 2018. We chose 2 years because this was the
amount of time we could triangulate the PWID data (in reductions in incarcerations)
with the police data (in reductions of arrests for heroin).

e 10-year Escudo implementation: 68% reduction in incarceration and re-

incarceration rates from 2016 to 2026.

We simulated impact of the above scenarios across 2 years, 10 years, and 50

years (2016-2066), to assess the long-term impact on HCV transmission, morbidity,

and mortality, given the long natural history of HCV disease progression.
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Model outcomes

We explore impact of the intervention on HCV incidence (rate and new infections),
HCV-related cirrhosis, HCV-related deaths, and a composite measure of disease burden
(measured in disability-adjusted life years [DALYs]). DALY's provide a composite measure
of disease burden capturing the years of healthy life lost due to a particular disease (106).
We calculated DALYs for each HCV sequalae as the yearly number of HCV cases
obtained from our model multiplied by the disability weight associated to each disease
stage (106). Hence, the DALYs for HCV is the sum of all the years lost to disability
associated to all health states along the disease progression model (107). Disutility

weights are reported in Table 1.

Sensitivity analyses

We calculated partial rank correlation coefficients (PRCC) to assess the sensitivity
of the DALY averted with the police education program to parameters’ uncertainty (90,
91). The PRCC capture the independent effects between each input parameter and the

outcome variable while keeping all other parameters constant (92).

Results

Status quo model projections

The calibrated model estimated 10,000 current PWID and 16,270 former PWID

(95% uncertainty Interval [Ul]: 9,910-26,160) in Tijuana in 2016. According to model
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estimates, in 2016, around 55% of current PWID had experienced incarceration as a
PWID (among these, 9% were recently incarcerated).

At the time of Escudo implementation in 2016, we estimated a HCV incidence rate
of 21 per 100 person years (/100py) (95% Uncertainty Interval [Ul]: 17-27/100py) among
PWID (Supplemental Figure C1). For this same year, among the approximately 26,000
current and former PWID, model projections estimated 16,000 (Ul: 12,600-21,500)
chronic infections with 4,520 (Ul: 2,770-7,170) cases of cirrhosis, 130 (Ul: 15-330) cases

of liver cancer, and 161 (Ul: 100-250) HCV-related deaths.

Impact of a two-year implementation of the Escudo program on HCV incidence and

disease burden

We estimate that the 2-year implementation of Escudo (2016-2018) reduced HCV
incidence from 21.1/100py (Ul: 17-27/100py) in 2016 to 20.7/100py (UI:16-26/100py) in
2018 (Figures 3 & 4), averting 13 (Ul: 3-26) infections between 2016 and 2018 (Figures
5). Using a 50-year time horizon (2016-2066) to capture long-term benefits of Escudo on
morbidity and mortality, a 2-year reduction in incarceration from Escudo could avert a
total of 22 (Ul: 3-45) new HCV infections (0.06% [Ul: 0.01-0.13%]), 120 (Ul: 19-260) cases
of cirrhosis (0.05% [UIl: 0.01-0.1%] ), and 4 (Ul: 1-9) deaths (0.05% [UIl: 0.01-0.1%)]
averted; Figure 6) compared to baseline. This equates to 9 (Ul: 1-19) DALYSs averted for
the 2-year program, a relative reduction of 0.05% (Ul: 0.01-0.1%) compared to no

intervention (Figure 7).
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Impact of a ten-year implementation of the Escudo program on HCV incidence and

disease burden

We estimate that if Escudo was implemented and impact sustained for 10 years
(2016-2026, perhaps with repeat trainings) this could reduce HCV incidence from
21.1/100py (UI: 17-27/100py) in 2016 to 20.1/100py (Ul: 16-26/100py) in 2026 (Figures
3 & 4), averting 121 (Ul: 26-262) infections between 2016 and 2026 (Figures 5). Using a
50-year time horizon (2016-2066), a 10-year reduction in incarceration from Escudo could
avert a total of 122 (Ul: 20-255) new infections (0.4% [Ul: 0.06-0.7%] averted) and 640
(UI: 100-1,350) cases of cirrhosis (0.3% [UIl: 0.05-0.6%] averted), and 22 (UI: 4-50)
deaths (0.5% [Ul: 0.1-1.1%)] averted; Figure 6) compared to baseline. This equates to 45
(UI: 7-100) DALY s averted for the 10-year program, a relative reduction of 0.3% (Ul: 0.05-

0.6%) compared to no Escudo (Figure 7).

Sensitivity analysis

Sensitivity analysis revealed that the most influential parameters contributing to
uncertainty in the DALYs averted with the police education program, were average
injection duration (rho (r)=-0.38, p-value (p)<0.001), the reincarceration rate (r=0.78,
p<0.001), elevated risk of 1-2 non-recent incarcerations (r=0.46, p<0.001), elevated risk
of 3-4 non-recent incarcerations (r=0.86, p<0.001), and the disutility weight for CC
(r=0.40, p<0.001). See Figure 8 (PRCC and significance levels for all parameters

provided in supplement).
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Discussion

We investigated the impact of a police education program (PEP), through its
observed reduction in the risk of incarceration among PWID, on the incidence and burden
of HCV among PWID in Tijuana. We estimate that the 2-year reductions in incarceration
observed during Proyecto Escudo could avert 22 (Ul: 3-45) new infections, 120 (Ul: 19-
260) cases of cirrhosis, and 4 (Ul: 1-9) deaths over 50 years among PWID in Tijuana,
Mexico. To our knowledge, this is the first modeling analysis evaluating a structural

intervention aimed at reducing structural risk from police.

Implications

Incarceration is strongly associated with behaviors that could increase the risk of
HCV transmission among PWID in Tijuana, underscoring the importance of public health-
oriented approaches to policing and drug enforcement. Our previous modeling analysis
among PWID in Tijuana suggested that a fully implemented Narcomenudeo drug law
reform (decriminalization and opiate agonist therapy [OAT] diversion) could avert 11%
(95%UI: 3-19%) of incident HCV infections across 10 years. However, previous studies
on the impact of the Narcomenuedo reform in Tijuana found that gaps in translating formal
laws to policing practice may have thwarted expected impacts (7). In this regard, PEP
initiatives that bundle occupational safety information with knowledge about drug law and
harm reduction have shown promising results in modifying officers’ occupational risks and
attitudes towards PWID health (6). In this context, our study is important as it shows how

a PEP program’s benefits can spillover to reducing HCV among PWID.
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Mexico was one of the first countries in Latin America to launch an HCV elimination
program, with the goal of reducing HCV incidence by 80% and HCV-related mortality by
65% by 2030 compared to the 2015 benchmark (45, 46). Our study indicates that
structural interventions such as police education programs should be part of a
comprehensive strategy of targeting both population- and individual-level reductions in
transmission risk, that can be paired with scale-up of HCV treatment and harm reduction
programs (e.g., OAT and needle/syringe exchange programs [NSP]) to achieve HCV
elimination goals. While the present administration in Mexico has embarked in a national
HCYV elimination program prioritizing HCV treatment (i.e. direct acting antivirals [DAA]) to
vulnerable groups including incarcerated individuals, sex workers, and PWID (45, 46), at
the time this manuscript was being written, it’s still unclear how treatments have been
administered geographically and across different population groups. Moreover, for PWID
in Tijuana access to harm reduction such as OAT is prohibitively expensive and not widely
available (95) and NSP provision limited (108). Given these limitations, our research is
important as it provides new evidence supporting the role of interventions that address
structural drivers of the HCV epidemic among PWID that can complement medication—
and harm reduction—based approaches. Further, extending the implementation of PEP
such as Escudo could enhance the ability for Mexico to achieve substantial reductions in
the HCV epidemic among PWID, which can contribute towards the WHO elimination

goals.

Strengths and limitations
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A particular strength of our study is the use of real-world evidence from an
implemented education program in Mexico. Also, we used longitudinal cohort data among
PWID in Tijuana to inform estimates of the impact of the police education program on
policing exposures and risk among PWID, which we use to determine resulting impact on
HCV transmission. Nevertheless, our study is not exempt from limitations. First, even
though our estimates of the reductions in incarceration were derived from a longitudinal
study, we could not explicitly establish a causal relationship between the PEP intervention
and these exposures. However, data among police officers who participated in El Escudo
indicate that less than half of participants surveyed after the implementation of Escudo
reported arresting someone for heroin possession (43%) and that officers who had
favorable views on laws that treat addiction as a public health issue had lower odds of
arresting PWID (adjusted Odds Ratio=0.78; 95% CI: 0.59-1.03) (6). Thus, while it is
plausible from this data triangulation that the intervention led to reductions in incarceration
among PWID, we cannot be certain that there were not other contributing factors.
Second, even if the intervention did result in reduced incarceration among PWID, the
duration of the intervention effect is unclear. As such, we simulate a 2-year sustained
impact (because this was the amount of time we could triangulate data with the police
self-report) but it is possible the impact could be maintained longer and therefore our
estimates are conservative. We additionally simulated the impact of a 10-year program
which would likely require re-training, which may have different impact than those
observed with the first training program. It is possible that the effectiveness of these re-
trainings could remain similar, could decrease, or even increase. This could depend on

many factors such as how the training is reinforced and assimilated by increasing
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numbers of police officers, how individual-level barriers (e.g. educational background (7))
could limit the impact over time, and continued institutional leadership support. Third,
there is uncertainty in model parameters which we observed to influence the uncertainty
in results, such as estimates for duration of injection. This parameter is difficult to estimate
(85), as the survey question of number of years injecting obtained from the survey does
not equal number of years until cessation. This estimate is both right and left censored,
i.e., people have not given up injecting yet and the survey likely never captured those
who inject for a very brief time and then stop injecting, so the direction of bias is unclear.
Nonetheless, we used a wide uncertainty interval in this estimate to represent the
substantial uncertainty in the data. Fourth, we do not incorporate the impact of the recent
COVID-19 pandemic on future epidemic trajectory. It is plausible that the pandemic could
have affected HCV transmission through a number of routes — a disruption to access to
harm reduction (96, 97) or general health services (98), as has been reported for other
settings, could have increased HCV transmission. Conversely, since injection networks
include individuals from both sides of the US-Mexico border, it is possible that a reduction
in injection network size due to border closures or stay at home orders could have
reduced HCV transmission risk. Given hospital reconversions in Mexico (99) to address
the COVID-19 pandemic, it is highly likely that COVID-19 diverted human and material
resources from competing health priorities, particularly for HCV. Furthermore, the impact
of COVID-19 on policing practices towards PWID remains unknown. Further research on
the impact of COVID-19 on the risk environment and health among PWID in Mexico and

elsewhere is warranted.
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Conclusion

Among PWID in Tijuana, Mexico, incarceration remains an important contributor
to HCV transmission and disease burden. Implementation of Escudo, a police education
program, can complement treatment and harm reduction scale up, to reduce the burden
of HCV among PWID in Tijuana. Also, this approach can underpin the implementation of
a public health-oriented drug law reform, through reducing knowledge gaps in
occupational health and awareness of the health implications of harsh policing among
PWID. Cost-effectiveness evaluations and duration of the impact of Escudo, incorporating

potential benefits on both HIV and HCV transmission among PWID, are warranted.
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Figure 4. 8. Sensitivity of the DALY to model parameters

CC: compensated cirrhosis; DC: decompensated cirrhosis; HCC: hepatocellular carcinoma; RR:

relative risk
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Table 4. 1. Parameters used in full model and their sampling distributions

Parameter Symbol Sampled Sampling distribution Source and
(unit) () (2) parameter’s comments
mean and
95%
confidence
interval
Rate of new 0 Fit to 10,000
PWID PWID
initiations (per
year)
Proportion of propHist 0.8 (31)
individuals with
a history of
incarceration
before entering
the model
Average 17.45 (11.4- Uniform (32)
duration of 23.7) (min=11, max=24)
injecting until
permanent
cessation
(years)
Rate at which Y 0.0573 Calculated as 1/Average duration of
PWID stop (0.0881- injecting until permanent cessation
injecting 0.0423)
(per year)
Mortality rate nl 0.0394 Poisson (0.040) West,
among PWID (0.0270-
(per year) 0.0530) Abramovitz
(35)
Relative risk M 0.2492 Lognormal (aHR 0.25, Based on
reduction of 95% CI=0.33-0.79) reduced risk
mortality (0.1803- of mortality
among PWID among
who cease 0.3550) PWID who
injecting had
cessated in
West,
Abramovitz
(35)
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Table 4.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter Symbol Sampled Sampling distribution Source and
(unit) () (2) parameter’s comments
mean and
95%
confidence
interval
Mortality rate u2 Calculated
for former as pu2=pl*(1-
PWID (per M)=0.03
year)
Rate at which Uniform Borquez,
never T, 0.0261 (min=0.0007, max=0.052) | Beletsky (31)
incarcerated (0.0017-
PWID become 0.0506)
primarily
incarcerated
(per year)
Reincarceration ® 0.2291 Uniform Borquez,
rate (0.0538- (min=0.047, max=0.42) Beletsky (31)
(per year) 0.4080)
Rate PWID d 2 Defined by
transition from the duration
recently of time in
released (p6m) PWID spend
to non-recent in the recent
released (>6m) incarceration
compartment
(6 months)
12 m/6m=2.
HCV 0 90% (36).
Seroprevalence
Proportion of o 0.2609 Beta (alpha=176, Micallef,
PWID who (0.2272- Beta=499) Kaldor (86)
clear infection 0.2934)
Chronic P 0.6652 0.67 from
prevalence (0.6359- P=0*(1-a)
0.6956)
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Table 4.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter | Symbo Sampled Sampling distribution Source
(unit) () (2) I parameter’ and
s mean and comments
95%
confidence
interval
Disease c 0.0270 Normal Calculated
transition (0.0254- (mean=0.027, SD=0.0008) from
rate from 0.0287) METVIR
pre-cirrhosis scores ( FO
to to F4)
compensate reported in
d cirrhosis Thein, i
(CO) (12).
(per year)
Transition Y 0.0385 Beta Beta
probability (0.0213- (alpha=14.6168,beta=360.1732 | distribution
from CC to 0.0598) ) parameter
DC s from
(per year) Martin,
Vickerman
(103)
based on
Fattovich,
Giustina
(87)
Disease 12 0.0142 Beta Beta
transition (0.0015- (alpha=1.9326, beta=136.1074) | distribution
probability 0.0405) parameter
from CC/DC s from
to HCC Martin,
(per year) Vickerman
(103)
based on
Fattovich,
Giustina
(87)
Disease u3 0.1328 Beta Fattovich,
transition (0.0992- (alpha=51, beta=333) Giustina
probability 0.0.1715) (87)

per year from
DC to death?
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Table 4.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter Symbol Sampled Sampling distribution Source and
(unit) (1) (2) parameter’s comments
mean and
95%
confidence
interval
Disease L4 0.4292 Beta Beta
transition (0.3734- (alpha=117.1033, distribution
probability per 0.4868) beta=155.23) parameters
year from HCC from Martin,
to death Vickerman
(per year) (103) based
on Fattovich,
Giustina (87)
Factors altering Relative risks for incarceration states were estimated
force of using longitudinal data from El Cuete study (see
infection by supplement)
incarceration
state (relative
risks):
1-2 r 1.2433 Lognormal Calculated
incarceration (1.0483- (mean=0.2151, from RR
events + 1.4785) SD=0.0858)! 1.24 (95%
released within Cl 1.05-
pém 1.47)
1-2 0 1.1005 Lognormal Calculated
incarceration (0.9489- (mean=0.0953, from RR
events + 1.2948) SD=0.0741)1 1.10 (95%
released >6m Cl 0.95-
ago 1.27)
>3 K 1.4185 Lognormal Calculated
incarceration (1.1393- (mean=0.3507, from RR
events + 1.7471) SD=0.1056)1 1.42 (95%
released within Cl 1.15-
p6m 1.74)
>3 H 1.2592 Lognormal Calculated
incarceration (0.9331- (mean=0.2390, from RR
events + 1.7191) SD=0.1569) ! 1.27 (95%
released >6m C10.93-
ago 1.72)
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Table 4.1. Parameters used in the full model and their sampling distributions,

Continued
Parameter Symbol Sampled Sampling distribution | Source and
(unit) (1) (2) parameter’s comments
mean and
95%
confidence
interval
Incarceration E 3.1281 Lognormal Calculated
risk reduction (2.5471- (mean=1.1378, from RR
from Escudo 3.8196) SD=0.1054) 3.12 (95%
Cl 2.54-
3.84)
Disutility
weights for
HCV disease
stages
Disutility weight 0
for HCV-related
death
Disutility weight 0.0518 Lognormal (mean=- (209)
for (0.0334- 2.9759,
compensated 0.0778) SD=0.2139)?
cirrhosis
Disutility weight 0.1822 Lognormal (mean=- (109)
for (0.1258- 1.7260,
decompensated 0.2610) SD=0.1809)1
cirrhosis
Disutility weight 0.5799 Lognormal (mean=- (209)
for (0.4229- 0.5639,
hepatocellular 0.7877) SD=0.1595)1
carcinoma
Disutility weight 0.7051 Lognormal (mean=- (109)
for active (0.5414- 0.3610,
injected drug 0.8908) SD=0.1282)1
use

1. Lognormal distribution transformed to normal distribution for sampling, then
back to log scale
2. Disease transition probabilities converted to instantaneous rates for the model.
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Chapter 5. Discussion

In this last chapter, we first summarize findings from each of the three analytical
chapters (2, 3, and 4). We then talk about how results in each analytical chapter advance
the literature and their respective implications for drug policy. Later, we offer a summary
of the most relevant limitations of the analyses performed. Then, we suggest some ideas
about the direction future research could take. Finally, we close the chapter with some

concluding remarks.

Summary of key findings

In Chapter 2, we identified a group of PWID in Tijuana, Mexico, with more
cumulative incarceration experiences who had increased odds of receptive syringe
sharing compared to individuals who had never been incarcerated. Every additional
incarceration episode increased the odds of syringe sharing by 17% (aOR 1.17, 95% ClI
1.05-1.29). Furthermore, the post-release period was associated with increased odds of
receptive syringe sharing, which persisted up to 1.5 years post-incarceration but then
waned. These findings suggest that the effects of incarceration on injecting risk are
cumulative and persist in the post-release period.

Examining the contribution of incarceration to the HCV epidemic among PWID in
Tijuana, model estimates from Chapter 3 suggest that incarceration is associated with
5% of new HCV infections among PWID in Tijuana between 2022-2032. Moreover,

projections showed that full implementation of the public health-oriented drug law reforms
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in Mexico (including decriminalization and diversion to OAT) could reduce HCV incidence
by 11% between 2022-2032, and also reduce the number of DAA required to achieve
Mexico’s HCV elimination goals.

In Chapter 4, investigating the impact of a police education program on the
incidence and burden of HCV among PWID in Tijuana, projections over a 50-year follow-
up period suggested that a 10-year implementation of the program in Tijuana could result
in a 4.7% (Ul: 3.7-5.9%) reduction in the HCV incidence rate. This amounts to
approximately 122 (Ul: 20-255) new infections averted compared to baseline. Moreover,
45 (Ul: 7-100) DALYs could be averted which is equivalent to a 0.3% (Ul: 0.05-0.6%)

reduction in the burden of HCV disease compared to baseline.

Contribution to research and policy implications

While the link between incarceration and syringe sharing had been previously
established (25, 27, 28), this dissertation adds to the literature identifying a risk profile of
PWID in Tijuana experiencing repeated incarceration, who are more likely to engage in
injecting risks (Chapter 2). This new understanding underlines the need to reduce
encounters with the criminal legal system. If encounters occur, a public health approach
should incorporate the implementation of diversion programs. In Tijuana, this includes
syringe service programs and OAT (71).

Previous modeling had investigated the contribution of incarceration— and the
impact of a public health oriented drug law reform— on the HIV epidemic among PWID in
Tijuana. However, a similar task had not been undertaken to address the HCV epidemic

among PWID in Tijuana. Projections in Chapter 3 shed new light on the potential public
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health benefits of comprehensively implementing drug law reform. Our work is important
as it shows how significant reduction in HCV incidence can be achieved over a 10 year
period when pairing decriminalization together with harm reduction. These result is of
particular relevance for settings like Tijuana with increasing prevalence of drug use and
health harms among PWID compared to the rest of the country (33, 110), while health
and harm reduction services remain inaccessible for PWID (39, 95).

Chapter 4, to our knowledge, presents the first modeling analysis evaluating a
structural intervention aimed at reducing structural risk from police. In this regard, police
education programs that bundle occupational safety information with knowledge about
drug law and harm reduction have shown promising results in modifying officers’
occupational risks and attitudes towards PWID health (6). Findings in Chapter 4 are
important as they show how a PEP program’s benefits can spillover to reducing HCV
among PWID. Further, extending the implementation of PEP such as Escudo could
enhance the ability for Mexico to achieve substantial reductions in the HCV epidemic
among PWID.

While each of the three analytical chapters have an independent contribution to
research and policy, they are also complementary to one another. In Chapter 1 we
introduced the risk environment framework (48) to conceptualize our work from a
perspective where individuals and environments define the creation and prevention of
drug harms (111). This framework considers environmental factors at three levels, i.e.,
individual interactions (micro), institutional responses (meso), and laws and polices
(macro). Understanding the risk environment helps to recognize the limits and

opportunities of polices and interventions (47). In this sense, results from this dissertation
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are important as they emphasize the interconnections among the different risk
environment levels, showing how, e.g., drug policy and a policing intervention situated at
different levels can shape injecting risks and health outcomes for PWID in Tijuana. For
instance, results in Chapter 2 show how the risk of syringe sharing (micro-level) increases
for individuals facing persistent criminalization (meso-level) over time. In Chapter 3,
projections from modelling the impact of drug policy reform scenarios (macro-level) show
how the macro environment interconnects with the meso-level
(incarceration/reincarceration), potentially modifying injecting risks (micro-level) and
adverse health outcomes among PWID. Results in Chapter 4 show how the
implementation of a police education program (meso-level), initially aimed at facilitating
implementation of drug policy reform (macro-level), can also produce positive impacts on
the health of PWID. This impact occurs through counteracting the deleterious effects of
punitive policing, also at the meso-level, through reductions in incarceration and
eventually modifying risky injecting decisions (micro-level). In sum, our work shows how
risk prevention can be achieved through policy and intervention complementarities
working at different levels. Alternatively, risk creation can persist in the absence of

properly implemented polices and interventions.

Limitations

Data for the statistical analyses came from a prospective, observational study
among PWID (EIl Cuete). A limitation common to this type of study arises from the self-
reported nature of data collected from PWID which may be subject to imprecision due to

recall and social desirability (77). Also, generalizing our results to other contexts should
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be taken with caution. For example, border cities like Tijuana have drug use patterns that
differ from other cities in Mexico.

Importantly, even when estimates for the association between incarceration history
and recent syringe sharing were derived from a longitudinal analysis, we could not
unambiguously establish a causal relationship. This is true for our estimates in Chapter 2
and for those used to incorporate elevated risks of HCV transmission derived from
incarceration to models in Chapters 3 and 4. Similarly, in Chapter 4, for our estimates of
the reduction in incarceration derived from implementing the PEP, we could not explicitly
establish a causal relationship between the PEP intervention and recent incarceration.

Also, we do not incorporate the impact of the recent COVID-19 pandemic on our
statistical associations. It could be the case that incarceration and injecting risk patterns
changed during or after the pandemic. This also applies to our modeling analyses, as we
do not incorporate covid pandemic on our estimates of future epidemic trajectory. The
pandemic could have affected HCV transmission through a number of routes including
the previously discussed changes in incarceration/injecting risk patterns, or changes in
access to harm reduction (96, 97) and general health services (98), as reported for other
settings, which could have increased HCV transmission.

Another limitation for Chapters 3 and 4 may stem from neglecting other potential
impacts on health outcomes associated with incarceration including HIV, tuberculosis,
and overdose, underestimating the true impact of incarceration on the health of PWID.
This is also true for our main exposure, incarceration. Previous work has found other
measures of deleterious interactions between law enforcement and PWID (e.g.

confiscation of drug paraphernalia, beating, arrests, incarceration and reincarceration)
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(21, 22, 67). Using only one single exposure could be underestimating the impact of
punitive policing on PWID’s health risks.

Likewise, another limitation particular to Chapter 4, stems from assessing only one
potential impact from implementing the PEP intervention. Escudo can impact other
aspects of the interaction between PWID and law enforcement that we fail to measure
and can have implications on health outcomes for PWID. Examples include changes in
the intensity of police encounters or harassment which could have additional health
benefits. Further, the impact of escudo could be larger if PWID increase their exposure
to OAT and other harm reduction/health services referrals, changing model estimates

which could be currently underestimating Escudo’s impact.

Future Directions

Statistical estimates for the relationships between incarceration and syringe
sharing, or Escudo and recent incarceration, do not explicitly establish a causal
relationship. Causal inference methods can be used when randomized trials, the gold
standard for establishing causality, are not available due to ethical considerations or
limited time and resources (112). Randomization makes exposure groups comparable
across all characteristics in such a way that differences in the outcome of interest can be
attributed solely to the exposure of interest. If the appropriate randomized trial does not
exist, we may need to use observational population data to make causal inferences (113).
Specific causal inference methods exist to analyze repeated measures derived from
longitudinal data (112). Future work could carefully assess the suitability of applying the

causal framework to the statistical questions raised in this dissertation. Particularly
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interesting would be applying this methodology to a treatment, such as a police education
program (Escudo), on an outcome with health implications for PWID, such as
incarceration.

Also, our work focuses exclusively on one exposure, i.e., incarceration, as a
measure of criminalization and punitive policing. This single exposure could be
underestimating the impact of punitive policing on PWID’s health risks. Extensive
literature has reported on different other measures of deleterious interactions between
law enforcement and PWID, and their implications on health and risk behaviors (21, 22,
67). Nonetheless, work examining how a number of these exposures could jointly impact
health risks among a population of PWID is lacking. Future work could look into
incorporating some relevant measures operationalizing harsh policing (e.g. confiscation
of drug paraphernalia, harassment, arrests, incarceration and reincarceration, etc.) into
one composite measure and assess how it impacts health risks among PWID. Estimates
from such measures can be further used to inform mathematical models. For example, in
Borquez, Beletsky (31) syringe confiscation is assessed in addition to incarceration, but
other measures were not considered, nor an aggregate measure generated.
Incorporating additional measures in the same analysis is important if we want to
comprehensively assess the policing environment on health risks of PWID, as well as
obtaining more robust estimates of the impact of drug law reform and police education
interventions.

Similarly, in Chapter 4 we assess the impact of Escudo based on its effect on
recent incarceration. However, there are other measures that could be used separately

or aggregately to measure Escudo’s impact. Future work could incorporate other
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measures for potential impacts of police education programs on a wider range of
outcomes. For example, changes in other forms of punitive policing including beating,
arrests, and syringe confiscations, or changes in harm reduction and treatment uptake.

Future research should engage in exploring the economic impact of implementing
a police education program like Escudo on the HCV epidemic among PWID in Tijuana.
Estimates in Chapter 4 have already paved the way for economic analysis of Escudo by
representing HCV burden with an objective, summary measure (DALY) that can be
translated to costs and used to assess the cost-effectiveness of implementing Escudo.
Additionally, incorporating potential benefits on both HIV and HCV transmission among
PWID, are warranted. Additional data to carefully assess the cost structure of the Escudo
program and, for example, estimating the duration of its impact, are key for strengthening
this analysis.

Finally, extensions of these analyses could examine the impact of incarceration,
drug law reform or police education on other health outcomes common among PWID with
a history of incarceration such as HIV, tuberculosis, and overdose (2, 93). These
outcomes could be examined jointly through the use of DALYs or similar objective,
composite measures, that can make the burden of these health outcomes comparable

and, thus, amenable for aggregation.

Conclusion
In this dissertation we sought to broaden knowledge of the deleterious effects of
policing and incarceration on the health of people who inject drugs (PWID), and how drug

law reforms and police education can improve health outcomes among PWID. For
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achieving our goals, we had the unique opportunity of using data from El Cuete study, a
longitudinal study among PWID in Tijuana. This data provided insights on the repeated
dynamics of drug use, injecting behaviors, encounters with law enforcement, and health
outcomes among PWID. Data was collected over a decade, before, during, and after the
police education program (Escudo), within an evolving landscape of the enforcement of
drug policy in Mexico. We performed statistical analyses and obtained estimates to inform
mathematical models using El Cuete data.

From Chapter 2 we learned that the effect of incarceration on syringe sharing is
cumulative and persists post-release. In Chapter 3, through modeling techniques, we
found that incarceration continues to drive HCV transmission among PWID in Tijuana,
and full implementation of public health oriented drug law reform with decriminalization
and diversion to OAT can play an important role in reducing HCV incidence. In Chapter
4, we found that implementation of Escudo, a police education program, can reduce the
burden of HCV among PWID in Tijuana, and potentially buttress proper implementation
of a public health oriented drug law reform.

Overall, these findings underpin the need of replacing police encounters as a
structural driver of injecting risks and blood borne infections with evidence based drug
policy and interventions that can effectively, positively change health outcomes for PWID.
Undertaking this approach is imperative in settings like Tijuana, characterized by
increasing drug use, persistent incarceration, and poor access to health and harm
reduction services. Findings from this dissertation contribute to the promotion of a public
health oriented policy approach and targeting of compassionate prevention interventions

at the intersection of drug policy, law enforcement, and injection drug use.
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Appendix A. Supplementary materials to Chapter 2

Additional detail on the multiple imputation by chained equations method

used to address missing data

We observed both monotonic (loss to follow-up) and intermittent (missing one or
more visits during ongoing data collection) missing data patterns (Figure Al & Figure A2).
After baseline, starting at the first follow-up (visit 2) the proportion of missing observations
was 21% which gradually increased to 42% at visit 10. Monotonic missing data accounted
for 3.5% of the total missing data at visit 2 and progressed to 4.9% in visit 10. We
compared the characteristics of individuals who completed all follow-up visits in our study
(until visit 10) with those who were last seen before visit 10 (Table Al). We initially
performed analyses on those with complete data. To account for the potential selection
bias derived from this approach, participants with missing observations were incorporated
to the analysis using multiple imputation by chained equations (MICE), using the MICE
package in R (65). We assumed data were missing at random (MAR) (66). We imputed
each covariate measured at each visit after baseline specifying a logistic regression
model for binary variables (time-varying covariates were only binary) and using the full
set of covariates as predictors (except for sex work, assessed at baseline, which was
incorporated later to the analysis). For each covariate, we excluded the variable itself as
a predictor. While included as predictors for the time-varying covariates, baseline

variables were not imputed due to having a negligible amount of missing observations

102



(only one variable had 2.1% of missing observations at baseline and another had 6%).
The imputation model for each variable included sociodemographic characteristics
assessed at baseline such as age, gender, time spent daily on the street, years of
education, and receiving income from a formal source. Time-varying drug use
characteristics included using heroin, using methamphetamine, injecting heroin, injecting
methamphetamine, and using cocaine (including crack), getting syringes from a shooting
gallery, getting syringes from a syringe exchange program, and age at first injection (at
baseline). Additional variables included living whole life in Tijuana (at baseline), getting
professional help for alcohol and drug use (assessed repeatedly), being stopped and
arrested (assessed repeatedly). Additional variables were considered for the model (e.g.
arrested for syringe possession), however discarded due to being added to the survey at
a later date or having very small or null cell counts early in the follow-up and getting worse
as visits progressed (see West, Abramovitz (35) for similar considerations while
conducting longitudinal analyses on the same data set). After an initial imputation test
run, heroin injection at baseline (used as a predictor) was removed due to the default
mice program diagnostics indicating multicollinearity for this variable. After removing this
variable, in subsequent runs, no other variable had this indication. We imputed 15 data
sets that were used to conduct our analyses. The estimates obtained from each imputed

dataset were pooled based on Rubin’s criteria (114).
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Figure A.1. Percent of missing observations at each visit from baseline to visit 10 in our sample
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Figure A.2. Missing Data Pattern: missing observations by study visit
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Table A.1. Selected baseline characteristics for individuals never
incarcerated at study entry (included in the study) and those with a history
of incarceration (excluded from study)

Incarcerated at study entry

variables Never Ever p-\ﬁl;ue
n 185 547
Age (median [IQR]) 35 [29, 42] 38 [31, 44] 0.005
Gender (%)
Male 62 (33.5) 395 (72.2) <0.001
Female 123 (66.5) 152 (27.8)
Hours spent on Street (median
[IQR]) 10.0 [6, 13] 12.00[10, 20] <0.001
Years of Education (median
[IQR]) 9.0 [6, 11] 8.0 [6, 9] <0.001
Income from Formal Source
(%)
No 161 (87.0) 474 (86.7) 0.997
Yes 24 (13.0) 73 (13.3)
Years Injecting (median [IQR]) 13 [5, 20] 16 [10, 23] 0.001
Injected Heroin (%)
No 8 (4.4) 18 (3.3) 0.654
Yes 173 (95.6) 522 (96.7)
Injected Methamphetamine (%)
No 135 (73.0) 392 (71.7) 0.804
Yes 50 (27.0) 155 (28.3)
Got syringes from shooting
gallery (%)
No 169 (91.4) 507 (92.7) 0.666
Yes 16 (8.6) 40 (7.3)
Receptive Syringe Sharing (%)
No 64 (34.6) 145 (26.5) 0.044
Yes 121 (65.4) 402 (73.5)
Sex Work (%)
No 124 (67.0) 469 (85.7) <0.001
Yes 61 (33.0) 78 (14.3)
Stopped and Arrested (%)
No 114 (61.6) 57 (10.4) <0.001
Yes 71 (38.4) 490 (89.6)

(1) Chi-square test with continuity correction for categorical variables and
Wilcoxon rank sum (Mann-Whitney U) test for continuous variables.
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Table A.2. Selected characteristics of participants at last visit seen
Last Visit Seen
p_
test
level | Overall (1) V10 <V10 (2)
n 154 108 77
: 36
Age (median[IQR]) 35[29,42] | 35[29,42] [28,43] 0.87
male 62 (33.5) 36 (33.3) 26(33.8) | >0.9
Gender (%) femal
e 123 (66.5) | 72 (66.7) 51 (66.2)
Hours spent on street (median 10 [6,13] 10[6,14] 10 [8,13] 0.38
[IQR]) 2
Years of education (median 9[6,11] 8[6,10.75] 9[7.12] | 0.06
[IQR])
Income from a formal source
(%) No 161 (87) 95 (88) 66 (85.7) | 0.82
Yes 24 (13) 13 (12) 11 (14.3)
Age at first injection (median 20
[IOR]) 19[17,26] | 19[17, 26] [17,25] 0.95
Living in Tijuana entire life (%) No 118 (63.8) | 67 (62.2) 51(66.2) | 0.66
Yes 67 (36.2) 41 (38) 26 (33.6)
Incarcerated (%) No 124 (80.5) | 87 (80.6) 37 (80.4) | >0.9
Yes 30 (19.5) 21 (19.4) 9 (19.6)
Receptive Syringe Sharing (%) No 88 (57.9) 61 (57.5) 27 (58.7) | >0.9
Yes 64 (42.1) | 45(42.5) 19 (41.3)
Heroin Use (%) No 27 (17.5) 22 (20.4) 5(109) | 0.23
Yes 127 (82.5) | 86 (79.6) 41 (89.1)
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Table A.2. Selected characteristics of participants at last visit seen, Continued

Last Visit Seen
Overall p-
level (1) V10 V10 | test(2)
Methamphetamine Use (%) No 54 (35.1) | 36 (33.3) 18(39.1) | 0.613
100
Yes (64.9) | 72(66.7) 28 (60.9)
145 103
Cocaine Use (%) No (94.2) (95.4) 42 (91.3) | 0.453
Yes 9(58) | 5(46) 4(8.7)
Injected Heroin (%) No 67 (43.5) | 54 (50.0) 13(28.3) | 0.021
Yes | 87(56.5) | 54 (50.0) 33 (71.7)
113 100
Injected Methamphetamine (%) NO (73.4) (92.6) 13(28.3) | <0.001
Yes | 41(26.6) | 8(7.4) 33(71.7)
. . . 148 104
Getting syrlnlgljes from shooting g (96.7) (97.2) 44 (95.7) | 0.637
allery (%
gallery (+6) Yes 5(3.3) | 3(28) 2(4.3)
_ _ 116
Getting syringes from Never | (75.8) | 82(76.6) 34(73.9) | 0.877
exchange program (%)
Ever | 37(24.2) | 25(23.4) 12 (26.1)
_ _ 131
Getting professional help for No (85.1) 92 (85.2) 39 (84.8) | >0.99
drug/EtOH(%)
Yes | 23(14.9) | 16 (14.8) 7(15.2)
126
Stopped and arrested (%) ~ NO (81.8) |95(88.0) 31(67.4) | 0.005
Yes | 28(18.2) | 13 (12.0) 15 (32.6)

(1) Total for overall (154) and for last visit seen ( 108 + 77=185) do not match.

Overall reflects participants seen at visit 10, while those stratified at last visit seen

also include participants screened at baseline (185).

(2) Chi-square test with continuity correction for categorical variables (except for
cocaine use and getting syringes from shooting gallery, which display cell counts
with less than 5 observations, in this case the Fisher’s exact test was employed) and
Wilcoxon rank sum (Mann-Whitney U) test for continuous variables.
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Il. Multiple imputation diagnostics

Following van Buuren (114), we assessed the MICE output by comparing the
observed and imputed data. We first checked that all imputed values were plausible (i.e.,
no extraneous values), by tabulating each variable and also by visually checking xy-plots
for observed and imputed data. The xy-plots show the range of values of the original
variable (blue) and the values that the imputed variables acquired (red) after imputation.
Thus, one can visually assess if the imputed values are plausible. Examples for selected
variables (syringe sharing, recent incarceration, injecting methamphetamine, and getting
syringes from a shooting gallery) are shown. For the xy-plot see, Figure A3. No
extraneous values were identified. Also, while kernel density plots are mostly used for
continuous variables, we used this plot to compare the distribution of observed (blue
curve) with the distribution of imputed values (red curve) for each variable (see examples
in Figure A4 for syringe sharing and Figure A4.2 for incarceration). Even though a kernel
density plot shows a continuous curve, our binary variables can only take the values of
zero or one (probability density can acquire values larger than one). The plot depicts the
values imputed and gives a sense of their relative proportion for the values observed and

the value imputed across all 15 imputations.
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Convergence assessment

As suggested in van Buuren and Groothuis-Oudshoorn (65), we also plotted
a mice class object to assess model convergence. The plot shows the mean and the
standard deviation of an imputed variable plotted against each iteration. Lack of
convergence is represented by straight lines, lines not crossing, or strong trends (e.qg.
exponential growth curves). For our variables, convergence was confirmed as shown in

figures A5A and A5B.
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Figure A.5.b. Incarceration mean and standard deviation plotted against iteration
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Post-release period

variable

We defined the post-release period variable as the time elapsed (i.e., number of
visits) after a participant had reported being incarcerated. This variable was grouped into five
categories: never incarcerated, released within the past 6 months, released in the past 6
months to 1.5 years, released in the past 1.5 to 2.5 years, and released more than 2.5 years

ago.

Participant 1 reports
incarceration at visit 2

Participant 2 reports
incarceration at visit 4

-
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Figure A.6. Schematic explaining post-release period variable
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Il Results from multiply imputed data sets (presented in main text) and
complete case analysis.

Table A.3. Cumulative incarceration and other factors associated with syringe

sharing.

Univariable GEE for multiply imputed data with chained equations and complete
case analysis. (1)

Variable

Univariable MICE

Univariable
Complete Case
OR 95% CI (2)

Cumulative incarceration
(ref: no)

One

2t03

>3

Age
Gender (ref: male)
Always living in Tijuana
(ref: no)
Hours spent on Street
Heroin Injecting (ref: no)
Methamphetamine
Injecting (ref: no)

Cocaine Use (ref: no)

Polysubstance use (ref:
no)

OR 95% ClI (2)
123 095 161
1.45 1.05  2.00
1.98 111 352
099 097  1.00
095  0.74 1.2
1.29 100  1.65
1.02 099  1.04
117 092 150
1.63 114  2.33
2.15 130  3.55
070 056  0.87

1.33 0.98 1.80

1.48 1.03 2.11

1.80 094 3.46

0.98 097 0.99

0.96 0.75 1.23

1.42 1.12 1.80

1.02 1.00 1.03

1.19 0.94 1.51

1.67 1.19 2.35

2.10 122 3.62

0.62 049 0.79
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Table A.3. Cumulative incarceration and other factors associated with syringe

sharing.

Univariable GEE for multiply imputed data with chained equations and complete

case analysis, Continued (1)

Variable Univariable MICE Univariable
Complete Case

OR 95% CI (2) OR 95% CI (2)
Getting professional help 0.82 0.60 1.12 0.87 0.63 1.20
for alcohol and drug use
(ref: no)
Getting syringes from 1.28 0.96 1.69 1.17 0.89 1.52
syringe exchange (ref: no)
Getting syringes from 2.02 1.29 3.17 2.13 1.37 3.31
shooting gallery (ref: no)
Arrested 151 1.38 1.65 1.70 1.31 2.21
Sex Work 0.83 0.67 1.07 0.86 0.67 1.09

(1) Multiple imputation using chained equations generating 15 imputed data sets.

Imputed sets and complete case analysis performed from longitudinal data including
baseline and 9 follow-ups (10 visits).
(2) Covariates in bold if significant at 5%.
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Table A.4. Cumulative incarceration and other factors associated with syringe
sharing. Multivariable adjusted GEE for multiply imputed data and complete case

analysis. (1)
Variable (2) Multivariable Multivariable Complete
MICE Case
aOR  95% CI aOR 95%
3 E)
Cumulative Incarceration
(ref: none)
One 1.28 0.97 1.68 1.28 093 1.76
2t0 3 1.42 1.02 1.99 1.29 0.88 1.88
>3 2.10 1.15 3.85 1.69 0.85 3.37
Age 0.98 0.97 1.00
Always living in Tijuana 1.30 0.97 1.73
(ref: no)
Hours spent on street 1.02 099 1.04
Heroin injecting (ref: no) 1.27 0.97 1.66
Methamphetamine 1.58 1.06 2.36 1.52 1.02 2.28
Injecting (ref: no)
Cocaine Use (ref: no) 2.06 1.19 3.58 2.26 121 4.24
Polysubstance use (ref: 0.70 0.55 0.89 0.70 0.52 0.93
no)
Getting syringes from 1.88 1.17 3.04 2.10 1.24  3.56

shooting gallery (ref: no)

(1) Multiple imputation using chained equations generating 15 imputed data sets.
Imputed sets come from longitudinal data including baseline and 9 follow-ups.
(2) Covariates reported are the final set retained after backward elimination using

a cut-off p-value of 0.20.

(3) Covariates in bold if significant at 5% in the multivariable regression.
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Table A.5. Post-Release Exposure and other Factors Associated with Syringe
Sharing. Multivariable adjusted GEE for multiply imputed data and complete case

analysis. (1)
Multivariable Multivariable complete
MICE case
Variable (2) aOR 95% CI (3) aOR 95% CI (3)
Post release categories (ref: none)
Recent (p6m) 1.53 1.14 2.05 1.40 1.01 1.94
Previous (6m-1.5yrs) 1.41 1.04 1.91 1.43 0.95 2.18
Past (1.5yrs-2.5yrs) 1.15 0.74 1.78 1.29 0.89 1.89
Past (> 2.5) 1.21 0.67 2.19 1.28 0.56 2.93
Age 0.98 0.97 1.00 0.99 0.98 1.00
Always living in Tijuana 1.29 0.98 1.70
(ref: no)
Heroin injecting (ref: no) 1.23 0.95 1.61
Methamphetamine 1.52 1.03 2.25 1.43 0.98 2.10
Injecting (ref: no)
Cocaine Use (ref: no) 1.99 1.15 3.48 2.49 1.34 4.65
Polysubstance use (ref: 0.70 0.55 0.88 0.63 0.48 0.83
no)
Getting professional help
for alcohol and drugs (ref:
no)
Getting syringes from 1.90 1.18 3.01 1.86 1.16 2.97
shooting gallery (ref: no)

(1) Multiple imputation using chained equations generating 15 imputed data sets.
Imputed sets come from longitudinal data including baseline and 9 follow-ups.

(2) Covariates reported are the final set retained after backward elimination using a
cut-off p-value of 0.20.

(3) Covariates in bold if significant at 5% in the multivariable regression.
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Table A.6. Cumulative incarceration (continuous) and other factors associated with
syringe sharing. Multivariable adjusted GEE for multiply imputed data and complete

case analysis. (1)

Variable (2) Multivariable Multivariable complete
MICE case
aOR 95% aOR 95%
Cl (3) ClI (3)
Cumulative Incarceration 1.17 1.05 1.29 1.12 1.00 1.26
(continuous)
Age 0.99 0.97 1.00
Always living in Tijuana (ref: 1.30 0.97 1.74
no)
Gender (ref: male)
Hours spent on street 1.02 0.99 1.04
Heroin injecting (ref: no) 1.27 0.97 1.66 1.04 0.79 1.39
Methamphetamine Injecting 1.59 1.06 2.36 1.53 1.03 2.29
(ref: no)
Cocaine Use (ref: no) 2.07 1.20 3.58 2.29 1.22 4.29
Polysubstance use (ref: no) 0.70 0.56 0.89 0.69 0.51 0.92
Getting professional help for
alcohol and drug use (ref:
no)
Getting syringes from
syringe exchange (ref: no)
Getting syringes from 1.88 1.17 3.04 2.11 1.24 3.60

shooting gallery (ref: no)

(1) Multiple imputation using chained equations generating 15 imputed data sets.

Imputed sets come from longitudinal data including baseline and 9 follow-ups.

(2) Covariates reported are the final set retained after backward elimination using a

cut-off p-value of 0.20.

(3) Covariates in bold if significant at 5% in the multivariable regression.
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Table A.7. Incarceration (dichotomous) and other factors associated with syringe

sharing.
Multivariable adjusted GEE for multiply imputed data and complete case analysis.
1)
Multivariable Complete
Variable (2) Multivariable MICE Case
aOR 95% CI (3) aOR 95% CI (3)

Incarceration (ref: 1.34 1.02 1.75 1.29 0.96 1.73

no)(4)

Age 0.99 0.97 1.00 | 098  0.97 0.99
Always living in Tijuana | 5, 0.91 1.57 1.24 0.97 1.60
(ref: no)

?Oe)ro'” Injecting (ref: 1.21 0.93 1.57 1.17 0.91 1.51

Methamphetamine

oo , 1.49 1.01 2.20 151 1.04 2.18
Injecting (ref: no)

Cocaine Use (ref: no) 2.04 1.16 3.57 2.05 1.16 3.63

Polysubstance use (ref:
no)

Getting professional
help for alcohol and 0.79 0.56 1.11
drug use (ref: no)
Getting syringes from
shooting gallery (ref: 1.92 1.19 3.06 1.87 1.19 2.95
no)

0.70 0.55 0.89 0.62 0.48 0.80

(1) Multiple imputation using chained equations generating 15 imputed data sets.
Imputed sets come from longitudinal data including baseline and 9 follow-ups.

(2) Covariates reported are the final set retained after backward elimination using a
cut-off p-value of 0.20.

(3) Covariates in bold if significant at 5% in the multivariable regression.

(4) This is a dichotomous version of the incarceration variable (yes/no), reported as
reference.
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Table A.8. Incarceration exposure definitions

Variable Definition Type Categories
Recent Incarceration event Dichotomous Yes,
incarceration reported in the past 6 No
months.
Cumulative Total number of recent Categorical None,
incarceration incarcerations accrued by | (Also tested as | One,
each participant over the continuous) Two to three,
follow-up period. More than
three
Post-release Time elapsed after a Categorical Past 6
period recent incarceration event months,
6 months to
1.5 years,
1.5 years to
2.5 years,
More than
2.5 years
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Appendix B. Supplementary materials to Chapter 3

Index

1. Mathematical Model
2. METVIR scores
3. Incarceration and post-release relative risks calculation

4. Uncertainty analysis

1) Mathematical model

We developed a deterministic compartmental model of HCV transmission among
current and former PWID (permanently ceased injecting), accounting for injecting risk,
i.e., syringe sharing. The model structure is based on HCV disease progression stages
(Susceptible-Pre  Cirrhosis-Compensated  Cirrhosis-Decompensated  Cirrhosis-
Hepatocellular Carcinoma). The full model is obtained by stratifying the PWID population
by incarceration status, number of incarcerations, harm reduction status, and current
injection status. PWID population size was assumed to be constant overtime.

New PWID enter the model at a constant rate (6) as uninfected, never incarcerated
as a PWID -however we allowed for a proportion to have a history of incarceration before
starting injection use (propHist)- and not engaged in any treatment or intervention. Upon
incarceration, PWID become recently incarcerated (p6m) at a rate 7. They spend an

average of 6 months in the recently incarcerated compartment before transitioning to the

120



non-recent incarcerated (>p6m) stage at a rate 5, where they will stay unless
reincarcerated. Reincarceration can occur from any of the released stages at rates w.

All PWID are initially susceptible (S). A proportion (o) spontaneously clears the
infection with the remaining (1-a) becoming chronically HCV infected at a per-capita rate
(force of infection) /1’,1,;", specific to the incarceration and intervention state. PWID at any
stage can permanently cease injecting (i.e. transition to former PWID) at a rate v. PWID
and ex-PWID are treated at a fixed number ¢ per year. If fewer than ¢ per year individuals
are chronically infected, then ¢ would equal the number of PWID infected at each stage.
After treatment, a proportion p achieves sustained viral response (SVR), while the
remainder, 1-p, fail treatment and remain chronically infected. Furthermore, on top of
treatment, active PWID can enter OAT at a rate n,,, determined for specific
decriminalization-intervention scenarios, equal to the number of PWID not incarcerated
or re-incarcerated, and exit this state at a per-capita rate 1,,,. PWID and ex-PWID exit all
compartments due to related all-cause mortality, ul and u2, respectively.

As previously noted, the structure of the model incorporates progression through
four chronic disease states: pre-cirrhosis, compensated cirrhosis (CC), decompensated
cirrhosis (DC), and hepatocellular carcinoma (HCC). We assume disease progression is
unidirectional (i.e. there is no backward movement from a later state to an earlier one)
(83). Individuals in the pre-cirrhosis state transition to CC at a rate ¢. They can then
progress to DC at a rate y, and to HCC at a rate ¢. Achieving SVR has been associated
with slower disease progression from CC to both DC and HCC, resulting in lower risks
€pc and ey, respectively (83). Moreover, we assume individuals who have already

progressed to cirrhotic stages and achieve SVR through successful treatment, will no
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longer be infected but will remain in their present disease stage (84). Individuals who get
to DC and HCC, die at rates u3 and p4, respectively. Additional compartments represent

former PWID moving through the HCV disease stages described above.

Model equations

Variables and indices that characterize the full set of model equations
S™k (t) = Susceptible

P (t) = Pre-cirrhotic (infected)

G,’,’;" (t) = Compensated cirrhosis (susceptible)

C™* (t) = Compensated cirrhosis (infected)

F,Z"‘ (t) = Decompensated cirrhosis (susceptible)

D™ (t) = Decompensated cirrhosis (infected)

L’,l;l" (t) = Hepatocellular carcinoma (susceptible)

H* (t) = Hepatocellular carcinoma (infected)
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Where,

Index Strata Values* Meaning

1=never incarcerated
2=never incarcerated as PWID, but
previous incarceration before starting
injecting

n mlé?rggatior?sf 1,2,3,4,5,6 | 3=one _incarcerat_ion as a PWID;
4=two incarcerations as a PWID,;
5=three incarcerations as a PWID;
6=more than three incarcerations as a
PWID
1=Never

K Post-release 123 2=Recently released (p6m)

state T 3=Previously released (>6m)
m OAT 1,2 Off=1, On=2

*Index values do not start at cero due to MATLAB requiring positive integers for
indexing.

Values for some parameters in our model are dependent on one or more of the
indexes above (n,k,m). The rate at which new PWID enter the model, 0, acquires the
value of 6 when m=1 (OAT off), and is equal to zero when m=2, simulating how new PWID
are not engaged with OAT at time of entry. Along the incarceration continuum, PWID are
recently incarcerated (p6m) at a rate . When k=1, 1<0; when k=2, t>0, t=0 in any other
case. They spend an average of 6 months out of prison before transitioning to the non-
recent incarcerated stage (>p6m) at a rate 5, where they will stay unless reincarcerated.
When k=2, 6<0; k=3, 6>0; 6=0, in any other case. Reincarceration can occur from any of
the released stages at rates w. When k=1, w,>0; when n=3,4,or 5 and k=2 or 3, w;>0;
when n=6 and k=2, w; <0; when n=6 and k=3, w;>0. Furthermore, active PWID can be

diverted to OAT at a per-capita rate n,,, (equal to the rate incarceration and reincarceration
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are reduced by) and exit this state at a per-capita rate z,,. When m=1 (OAT=off), then n>0

and 1>0; when m=2 (OAT=o0n), then n<0 and 1<0.

Conditions for indexed parameters
Individuals entering the model | Theta When m=1, 6,, = 8; when m=2, 6,, =0

(6)
Primary incarceration Tau (tr) | when k=1 or k=2,7,>0; in any other case
Tk =0
Reincarceration rates Omega | When k=1, w;>0; When n=3,4,or 5 and k=2
(o) or 3, w,>0; when n=6 and k=2, w; <0; when

n=6 and k=3, w; >0
Transition from recent to non- | Delta when k=2, 6<0; k=3, 6>0; 6=0, in any other

recent incarceration (8) case

Entering and leaving OAT Eta (n) | when m=1, n>0 and >0; when m=2 n<0
and and 1<0
iota (1)

In the equations below, the total number of infected individuals (i.e. eligible for treatment)

is defined as:

totinfected (totinf) = sum (PM* + ¢ + DIMF 4+ HIVF)

Full model equations, expanded by number of incarcerations, are as follows:

For PWID never incarcerated (n=1):

dsit

= 0,, * (1 — propHist) — ((1 — A+ u1+v) Skl + pd)(P,}l'l/totTreat)

1,1 1,1 1,1
—Tlm51 +1mSZ _Tlsm

dpit
dt

= (1 — )ALyt — pd(Py ' /totTreat) — (o + py + V)Pt =P+ 1, P —1, Pt

1,1
i = pg(Cy" /totTrear) — (1= WA+ Ecp+ E Ecut by + VG
1,1

1,1 1,1
—NMmGy + 16y =71 G
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1,1
dcdt = 6Py +(1 — )AL Gl — pd(Cot /totTreat) — (y + €+ g + V)Crl-m G+

1mC§ 1—11Cr1n1

1,1
dzt =7y €cp Go' + pd(Dyt /totTreat) — (1 — A + & Epg+ 1y + pz + VIFL!
NmFy 4 1 Fy =1, Fpt

1,1
dzt = yCh' + (1 — )AL FLY — po(Dyt /totTreat) — (& + g + pz + v)Dl—nm DI+

1Dy 7, Dyt
dLll

o= = pd(H! JtotTreat) + € €py FLt 4+ € €cy GLl—((1 — OA + 1y + 1y +
VL L 1, L =7 LUt

1,1
L ECpt+Dph) + (1 — AR LE — pd(Hy! /totTreat) — (uy + py + V)Hy -nmHI '+

1,1 1,1
1, Hy =1, Hpy

For PWID never incarcerated as PWID but previously incarcerated (n=2):

2,1
dzt = 0,, * propHist — ((1 — oc))\z 14 u1+v) fﬁl + pd)(P,fl'l/totTreat)
- nmsl 1 1mS2 1 wlsz 1
dPZ 1

T = (1 — a)AX'SZ! — ph(P>! JtotTreat) — (o + g + v)PA! nmpz T p2 1

2,1
-w1 Py,

2,1
Lo p¢(02 1/t0tTreat) — (1= )AX +y €cp+ & Ecyt 1y + V)GH

— anl i 1mG leZ 1

dCZ,l
d‘;‘ = GP2’1+(1 — AZGEY — pd(CEY JtotTreat) — (v + £+ py + V)CE!

2,1 2,1
—NmCi + 1mC a)lC

2,1
Fn =y Ecp GZ' + pd(DH' /totTreat) — ((1 — AZ! + € €py+ 1y + ps + V)FE -

an“+1 Folew F5!

2,1
D=yt + (1= OGP — po(Diy* /totTreat) — (& + iy + i3 + v)Dy' 0 DF '+

2,1 2,1
1m D5 —w, Dy
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2,1
L = pg(HE' /totTreat) + & Epy F4 + & €cy GE'—((1 — A% + g + g +

2,1 2,1 2,1 2,1
V)L NmLy + 1Ly - Ly

dHZ!
S = 8ChT + D) + (1 — ALY — po(Hy; /totTreat) — (i + pg + VIHg
2,1

2,1 2,1
_anl +1mH2 _lem

PWID one incarceration (n=3, k>1):

3,k
Zh = (- AR H ) S+ po (P /totTreat) ST+ 15,55 + S
+w,SH! — 8%S3%— w, RRreincar,S3*

3,k
ap3

=(1- a)?\fr'lk83’k — ph(PY* /totTreat) — (o + py + v)Prfl'k—nmP13'k+ 1mP23'k

dt m
+1 Pt + 0, PE — 85P2%— wRRreincar,P*

3,k
T = po(Car*/totTreat) — (1 — NG+ Ecp+ § Ect 1y + V)G MG

k 1,1 2,1 2 . k
+1mG§' + 1,G + w6y — 8kGr3,; - kaRremcarsz;;

3,k
L cPrfl'k+(1 - a))\fr;kGfr;k — pd(CHE JtotTreat) — (Y + €+ py + v)Cfr;k—nme'k

dt
+ 1mC§‘k + ‘rkaﬁl + wlclzﬁl - Skar;z— kaRreincarsz;k

3,k
dzr: =7 Ecp G + —pd(Da* /totTreat) — (1 — WAL + & Epyt+ py + s +
21

V)Fi;k—anf’kﬂmFg’k + rkFrlr;l + w,Fy; 8kFI31;2— wyRRreincar, Ff;;k

3,k
d]Zl? = ny;;k + (1 - a)li'lkFﬁik — pd)(D,?,’{k/totTreat) —E+pu s+

v)Df’ﬁk—anf'kﬂmD;’k + TkDrlﬁl + (ulDIZI;1 — SkDfﬁz— wiRRreincar, Dfr‘lk

3,k
dzrt“ = po(Hy [totTreat) + & Epy Fi + & €cn G —((1 — XS+ py + g +
21

V) Lf;lk—nm L31’k+1m L‘;'k + 1 Lt + w D2, 8kL§I'12— wyRRreincar, Lf;lk

3,k
T = GG+ DR + (1~ ALY — ph(Hy /totTreat) — (uy + g +

VHEE L H R B 4 1 HEY + 0, HE — 8%H3%— w RRreincar,H3F

PWID two incarcerations (n=4, k>1):
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d 4,k

—Zr: = - ((1 — OAEE + u1+v) Sk + pd)(P,fl’k/totTreat)—nme‘k+ 1mS§'k +

wiRRreincar, Sf,;k - SkSI%Z— wiRRreincar, Sﬁ;k

dpLK
dt

. 3k 4,2 : 4,
wy,RRreincar,P." — 8XP.*— w,RRreincar,P;

= (1 — AEESEE — pd(PE¥ JtotTreat) — (6 + wy + V)PXn P+ 1, PFE +
k

dGhk K K K K
i = pO(Cy" /totTreat) — (1= Oy +7 €cp+ § Ecrt y + V)G MGy
+1mG;“‘ + wiRRreincar, Gf,;k — SkGf;;z— wiRRreincar, Gfﬁk

dcek
= GP;;’k+(1 - a))\fr‘,kGf;;k — pd(CEE totTreat) — (Y + €+ py + v)Cﬁ;k—nme‘k

+ 1mC§’k + w,RRreincar, Ci;k - Ska;;Z— a)kRRreincarZCf;;k

4,k
T — y ecp GEX + —pd(DF /totTreat) — (1 — MK + € €pyt 1y + s +

dt
v)Ff;;k—anf'kﬂmFg’k + wiRRreincar, Ffr’lk — Ska;;Z— a)kRRreincarZFf;k

4,k
T — YO+ (1 — MR — po(Di¥ /totTreat) — (& + 1y + 1 +

dt
V)Dfﬁk—an‘;'kﬂng'k + wiRRreincar, Dfr’lk - 8kDfr'12— w kRRreincarZDfr’lk

dLxK 4k 4k 4k 4k
i = PO(Hy, /totTreat) + & €py Fry” + € Ecy Gy —((1 = Ay + 1y + 1y +
v)L‘fﬁk—nmL‘i’kﬂm L‘;’k + wiRRreincar, Lfr’lk — 6kar'12— wyRRreincar, L‘fr'lk

4,k
T = 5O+ DR + (1 — AL — po(Hp /totTreat) — (g + py +

4.k 4.k 4,k . k 4,2 . 4,k
V)H MmH 1, Hy + a)kRRremcarzHﬁ; — 8XH*— wy RRreincar,Hy;

PWID three incarcerations (n=5, k>1),

5k

_dzrtn = - ((1 — a)?\rsr’,k + u1+v) Sri;k + pd)(P,fl’k/totTreat)—nme'k+ 1mS§'k +
wrRRreincar, Sf.‘,;k — 8%Sp2— wy RRreincar, Si;k

5k
dz’;‘ = (1 — AZESTE — po(Po* JtotTreat) — (o + py + v)Po X0 P+ 1, Po"

+wyRRreincar, Plf{k - SkPI;r’l'Z— kaRreincarzPIi‘k

5k
Bm = pp(CoF /totTreat) — (1 — WAL +7 €cp+ & €cut iy + VG NGy

ac
+1mG:j'k + kaRreincarsz,;k — SkGISI;Z— wiRRreincar, Grsﬁk
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5,k
9o’ _ GBS (1 — GG — pH(CH ftotTreat) — (1 4+ + iy +V)CHE N, Co

k . 4k 2 . Kk
+ 1mC§‘ + wiRRreincar,C — SRCISI; — oukRRrelncarszr’1

5k
o =¥ €cp G + —pd(Dy /totTreat) = (L= AG + § Eput o + g +
V)Fg;k—anf’kﬂmFg’k + wiRRreincar, Fﬁ;k — SkFrSI;Z— kaRreincarzFlsﬁk

5k
B0 = yCf + (1 — AR F — po(Dn /totTreat) — (& + g + iz +

v)Dfﬁk—ani"kﬂng’k + kaRreincarszﬁk - SkD,S;IZ— a)kRRreincarzDISI’lk

5k
S = pg(Hy* /totTreat) + & Epy Fin + & €cyy G —((1— AR + g + 1y +
5k 5k 5k . 4k _ cky52 : 5k
V)L —nmly HnL5" + wiRRreincar, L — 6°L}, — w,RRreincar, L},

5k
T = GG+ DY + (1~ ALY — po(Hy" /totTreat) — (uy + g +
k

v)Hi;k—anf'kﬂmHg'k + a)kRRreincarsz;k — SkHi;z— kaRreincarzHrsr;

PWID four or more incarcerations (n=6, k>1),

6,k
B = ((1 — a)ASK 4 u1+v) Sok 4 pd)(Pni'k/totTreat)—nme'k+ 1mSz6’k +

dt
, 5,k 6,2 , 6,3 . 6,4
wyiRRreincar,S: — 8XS2% — w,RRreincar,Se’ — wy,RRreincar,S;

6,k
T = (1 - A S — po (P /totTreat) — (o + by + V)P NP+ 1,PP* +

. 5k 6,2 . 6,3 : 6,4
wrRRreincar,, P, — SkPm‘ — wgRRreincar,P,” — wxRRreincar, Py,

6,k
Bt = pd(CS* ftotTreat) — (1 — WAG +7 Ecp+ & Ecut g + V)G MG

k . k 2 . . 4
+1mGg’ + a)kRRremcarzGrsr; - Sng; - cukRRremcarszr;3 — a)kRRremcarng;

6,k
98 _ GRS (1L — aASHGE — pH(CS /totTreat) — (1 4+ + iy +V)CEE N Coe

k . k 2 . . 4
+1mC§' + kaRremcarme}’, - Skar; — kaRremcarzCf,;l3 - kaRremcarszr‘1

6,k
T — y ecp GEX + —pd(DSF /totTreat) — (1 — OASK + € €py+ 1y + s +

ac
K K K . k 2 .
V)F& —anf' +1mF§’ + kaRremcarmFrSI; — 8XF%? — w,RRreincar,FS* —

. 6,4
wiRRreincar,F
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6,k
dp&;

S =0+ (1= MRFR — po(Dy*/totTreat) = (& + iy + g +

k k k . k 2 .
\/)Dﬁ’1 —an?’ +1ng‘ + a)kRRremcarme{1 — SkDfﬁ - a)kRRremcarzDf’r'l3 -
wrRRreincar, Dfr'l4
dLgk

- = PO(Hy /totTreat) + & €py Fin' + & €ci G'—((1 = OAG' + 1y + 1y +

K K K . K 2 . 3
VLS —nmLi’ +1mL62' + wyRRreincar,, L% — 8¥1L%% — w, RRreincar,12? —
wiRRreincar, L?;f'

6,k
T = B+ DR + (1~ AG LY — po(Hy /totTreat) — (g + g +
6,3

V)Hg;k—anf'kﬂmHg'k + a)kRRreincarersﬁk - éSng;2 — wgRRreincar,Hy” —
wiRRreincar, Hﬁf

Force of Infection

Among PWID, baseline force of infection, A’,;k, is determined by an HCV
transmission rate, 3, and the proportion of infected PWID. Incarcerated individuals have
an elevated risk of acquiring infection associated to parenteral transmission, i.e.,
receptive syringe sharing, specific to their incarceration status. This increased risk is
obtained by multiplying the relative risk of receptive syringe sharing associated to each
incarceration category, RR,, ., by the transmission coefficient (see Supplemental section
2 below for details on the estimation of the relative risks). The force of infection may be
further altered by a factor IT corresponding to the reduction in infection risk from OAT

State.
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nk.
For A"

1,1_
A=

@rr+a2t+red?+rat?+kad?+kas?+003 2 +00t 3+ HOSP+HAS 3 +(Q) 1+ 021 4T3 2+ TS +KQT A +KOS 2 +003° +005 ° + HQS 3 +HAS?))

s% 1,1 2,1 3,2 4,2 52 6,2 3,3 4,3 53 6,3 1,1 2,1 3,
(NJ N2 TN 24N 2 +KNS 2 +KN 2 +ON 2 +ON > + HNS P +@HN S +TII(N, "+ N + TN

2 4,2 5
+IN3+KN;

2 6,2 3,3 4,3 53 6,3
+KN§?+ON3 > +ON5 >+ HN3 > +HNS?))
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For m=1 (off OAT):

/11,1 — Ail

/1%,1 — Ail

B2 =t
A=Ayt
/1?,2 — K)\}l
/1?,2 — qul
23 =0yt
373 =ear!
A% =\t
257 = it

Where:

Qe = prE + cr 4D + Hy* (infected)

Sl = SIK + G + FF + L (susceptible)

NY* = QF 4 SIE (total)
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57
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6,3
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For m=2 (on OAT):
= Ayt

= Iy

= nra;’
= NreAl!
= MKA;"
= MKA;"
= neal!
= et
= MMHAM!
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2) METVIR transitions table
Table B.1. METAVIR fibrosis stages (annual transitions)

Parameter Point Estimates Ranges/Cls Reference, Source &
Comments

METAVIR FO-F1 0.117 (0.104-0.130) | (12)

METAVIR F1-F2 0.085 (0.075-0.096) | (12)

METAVIR F2-F3 0.120 (0.109-0.133) | (12)

F3 to 0.116 (0.104-0.129) | (12)

compensated

cirrhosis (CC) 2

FO-F4 referrer to fibrosis stages. FO-F2 can be associated to mild, F3 to moderate, and
F4 to cirrhosis according to the Laennec scoring system (115).

3) Incarceration categories’ relative risks estimation

To estimate the elevated risks associated to repeated incarceration and the post-
release risk, we used data from an ongoing community-based cohort study of PWID in
Tijuana, Mexico (El Cuete-IV) (8). Between 2011 and 2012 baseline data were collected
with follow-up surveys every 6 months. Targeted sampling consisting of street outreach
in 10 neighborhoods across Tijuana was used to recruit participants who were 18 years
of age or older, had injected drugs in the past month, and were currently living in Tijuana.
Trained interviewers collected data on socio-demographics, drug use behaviors, drug
treatment experiences, justice involvement, migration history, and drug related harms and
health outcomes (32). For the present analysis we included PWID recruited between April
2011 and June 2012 and followed for approximately 54 months (visits 1 through 10). We
included only those participants who reported never being incarcerated at baseline to
exclude participants who may already have been at increased risk of reincarceration

and/or syringe sharing associated with previous incarceration. This study was approved
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by the Ethics Board at the University of California San Diego and Xochicalco University
in Tijuana. All participants provided written informed consent.

The outcome of this study was self-reported receptive syringe sharing in the past
6 months, a dichotomous variable with categories “never” and “ever.” The exposure
variable was constructed from combining cumulative number and recency of
incarcerations into five categories. We first defined cumulative incarcerations as the
number of incarceration events reported by participants over the follow-up period. Then,
we defined recency of incarceration as the time elapsed post-release (i.e., number of
visits) after a participant had reported being incarcerated. From these variables,
specifically for this study, we created five mutually exclusive categories categories: never
incarcerated, 1-2 incarcerations and recently incarcerated (past 6 months [p6m]), 1-2
incarcerations and non-recently incarcerated (more than 6 moths [>6m]), 3-4
incarcerations and recently incarcerated (p6m), and 3-4 incarcerations and non-recently
incarcerated (>6m).

To estimate the longitudinal association between our incarceration/post-release
categories, we used log-binomial regression with generalized estimating equations
(GEE). We specified an exchangeable correlation structure to account for the correlated
nature of the repeated measurements among study participants. We chose a log-binomial
specification to assure obtaining relative risks instead of odds ratios. However, the log-
binomial regression reported a failed convergence when using a multivariable adjusted
model, a common issue with this type of regression (116), so we ran an unadjusted model.
Participants with missing observations were incorporated to the analysis using multiple

imputation by chained equations (MICE package in R, van Buuren and Groothuis-
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Oudshoorn (117)). The model outputs are shown in Table B2 below. For further details
on El Cuete study, the subsample of PWID, the longitudinal setup, handling of missing
data and multiple imputation, construction of the outcome variable, and construction of
the cumulative incarceration and post-release variables see Rivera Saldana, Beletsky
(82). The categories defined for the exposure variable described were designed

exclusively for the present study.

Table B.2. Impact of the Cumulative Incarceration-Recent Release variable on
Receptive Syringe sharing (unadjusted log-binomial)
95% CI

Category description: Categor RR Lower Upper p=valu

y e
never incarcerated 0 na na na na
1-2 incarcerations & recently |1 1.24 1.05 1.47 0.01
incarcerated
1-2 incarcerations & non-recently | 2 1.10 0.95 1.27 0.22
incarcerated
>3 incarcerations & recently | 3 1.42 1.15 1.74 0.001
incarcerated
>3 incarcerations & non-recently | 4 1.27 0.93 1.72 0.13
incarcerated
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4) Sensitivity analysis

Table B.3.

Partial rank correlation coefficients (PRCC)
The results are significant at the 0.05 level (*), the 0.01 level (**) or the 0.001 level

(***).

# Parameter PRCC
1 Injection duration (1) -0.346 ***
2 Rate at which PWID leave OAT (iota) -0.04
3 PWID background mortality (mul) 0.203  ***
4 Reduced risk of death for former PWID (M) -0.01
5 Primary incarceration rate (tau) 0.074 *
6 Reincarceration rate (omega) 0.747 ***
6 Proportion treated achieving SVR (rho) 0.007
7 Proportion who spontaneously clear infection (alpha)  0.128  ***
8 Annual transition from pre-cirrhosis to CC (sigma) 0.014
9 Annual transition from CC to DC (gamma) 0.058
10 Annual transition from CC/DC to HCC (xi) -0.04
11 Reduced relative risk from CC to DC due to SVR

(ecd) 0.016
12 Reduced relative risk from CC to HCC due to

SVR(ech) 0.036
13 Annual transition from DC to death (mu3) -0.01
14 Annual transition from HCC to death (mu4) 0.092 **
15 Elevated risk for PWID incarcerated 1-2 times (p6m)

(G1) 0.226  ***
16 Elevated risk for PWID incarcerated 1-2 times (>6m)

(Thl) 0.618 ***
17 Elevated risk for PWID incarcerated 3-4 times (p6m)

(K1) 0.029
18 Elevated risk for PWID incarcerated 3-4 times (>6m)

(H1) 0.719 ***
19 Reduced risk of infection due to OAT (P) 0.001
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Appendix C. Supplementary materials to Chapter 4

Index

1. Mathematical Model

2. METVIR scores

3. Relative risks calculation
a. Forincarceration categories
b. Forimpact of Escudo

4. DALY calculations

5. Uncertainty analysis

6. Additional plots

1) Mathematical model

We developed a deterministic compartmental model of HCV transmission among
current and former PWID (permanently ceased injecting), accounting for injecting risk,
i.e., syringe sharing. The model structure is based on HCV disease progression stages
(susceptible-re cirrhosis-compensated cirrhosis-decompensated cirrhosis-hepatocellular
carcinoma). The full model is obtained by stratifying the PWID population by incarceration
status, number of incarcerations, and current injection status. PWID population size was
assumed to be constant over time.

New PWID enter the model at a constant rate (0) as uninfected, never incarcerated
as a PWID -however we allowed for a proportion to have a history of incarceration before
starting injection use (propHist). Upon incarceration, PWID become recently incarcerated

(p6bm) at a rate 7. They spend an average of 6 months in the recently incarcerated
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compartment before transitioning to the non-recent incarcerated (>p6m) stage at a rate
3, where they will stay unless reincarcerated. Reincarceration can occur from any of the
released stages at rates w.

All PWID are initially susceptible (S). A proportion (o) spontaneously clears the
infection with the remaining (1-a.) becoming chronically HCV infected at a per-capita rate
(force of infection) A%, specific to the incarceration and intervention state. PWID at any
stage can permanently cease injecting (i.e., transition to former PWID) at a rate v. PWID
and ex-PWID exit all compartments due to related all-cause mortality, ul and u2,
respectively.

As previously noted, the structure of the model incorporates progression through
four chronic disease states: pre-cirrhosis, compensated cirrhosis (CC), decompensated
cirrhosis (DC), and hepatocellular carcinoma (HCC). Disease progression is
unidirectional (i.e., there is no backward movement from a later state to an earlier one)
(83). Individuals in the pre-cirrhosis state transition to CC at a rate o. They can then
progress to DC at a rate y, and to HCC at a rate ¢. Individuals who get to DC and HCC,
die at rates u3 and p4, respectively. Additional compartments represent former PWID

moving through the HCV disease stages described above.

Model equations

Variables and indices that characterize the full set of model equations
S™k(t) = Susceptible
P™k (t) = Pre-cirrhotic (infected)

C™k (t) = Compensated cirrhosis (infected)
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D™k (t) = Decompensated cirrhosis (infected)

H™k (t) = Hepatocellular carcinoma (infected)

Where,

Index

Strata

Values*

Meaning

Number of
incarcerations

1,2,3,45,6

1=never incarcerated

2=never incarcerations as PWID, but
previous incarceration before starting
injecting

3=one incarceration as a PWID;

4=two incarcerations as a PWID;
5=three incarcerations as a PWID;
6=more than three incarcerations as a
PWID

Post-release
state

12,3

1=Never
2=Recently released (p6m)
3=Previously released (>6m)

*Index values
indexing.

do not start at cero due to

MATLAB requiring positive integers for

Values for some parameters in our model are dependent on one or more of the indexes

above (n or k). Along the incarceration continuum, PWID are recently incarcerated (p6m)

atarate . When k=1, t<0; when k=2, t>0, t=0 in any other case. They spend an average

of 6 months out of prison before transitioning to the non-recent incarcerated stage (>p6m)

stage at a rate 5, where they will stay unless reincarcerated. When k=2, 6<0; k=3, 5>0;

6=0, in any other case. Reincarceration can occur from any of the released stages at

rates w. When k=1, w,>0; when n=3,4,or 5 and k=2 or 3, w;>0; when n=6 and k=2, w; <0;

when n=6 and k=3, w;>0.
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Conditions for indexed parameters

Primary incarceration Tau (t) | when k=1 or k=2,7;,>0; in any other case
Tk =0
Reincarceration rates Omega | When k=1, w,>0; When n=3,4,or 5 and k=2
(®) or 3, w,>0; when n=6 and k=2, w; <0; when
n=6 and k=3, w; >0
Transition from recent to non- | Delta when k=2, 6<0; k=3, 6>0; 6=0, in any other
recent incarceration (8) case

Full model equations, expanded by number of incarcerations, are as follows:

For PWID never incarcerated (n=1):

ast?

—— =0 * (1 — propHist) — ((1 — )A¥! + py+v)Sti-—st?

dt

dp?
dt

dactt 1,1 1,1 1,1
—— = oP" —(y+&+p +v)CH—Ch
ap®t! 1,1 1,1 1,1

1 =vyC™ —(&,+H1+u3+V)D'—TD'
dH1

dt

1
= (1 — WAYSM = (6 + py + V)PV1-tP

= E(CM + DY) — (g + g + V)HVI-THM

For PWID never incarcerated as PWID but previously incarcerated (n=2):

as>? : 21 21 21
—— = 0 propHist — ((1 = a)2%! + py+v)S21-0S?
ap>1 21¢21 21 2,1
i =1 -S> = (6 +y +v)P>" —wP?>
2,1
dCT =oP? — (y+ &+ p + v)C*-wC??
dap??t

d

dH?1
dt

—— =YC*"' =+ + u3 + v)D*—wD?!

=E£(C¥' +D*Y) — (1 + py + VIH? -wH?!
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PWID with one incarceration (n=3, k>1):

3,k
dST = ((1 — A+ u1+v) S3k 4+ 7811 4 §*t — 5§32 o, Sk

3,k
T = (1 OAHS3 — (0 + py + VIPPK 4 TPUL 4 P2l — §KP32 oy, p3K
dc3k 31 3.k 11 21 _ skr3,2 3.k
— =P (e V0 + 0l = 50 - w O
dp3k

— =10 = G+ W + g + VIDP + DV + wD?! — §5D3?— w, DI

dH3k
dt

= E(C3* + D3%) — (uy + py + VIH?* + tHY + wH?' — §8H32— w, H3¥

PWID with two incarcerations (n=4, k>1):

4,k
= — (1 — O+ py#v) S 4y 3K — BRSH2— o, S
ap+k 4.k cak 4.k 3k Kk p4,2 4.k
T=(1—O()/1‘ S* —(G+u1+V)P’ +a)kP' — &%p~ —a)kP'
dc** 4,1 4.k 3k _ skpra2 4k
— = oP* —(y+ &+ +Vv)ICH + 0 CF — §°C*— wi C*
dap*k 4k 4.k 3.k k4,2 4.k
— = VY = (€4 + 3 + VDT + w0 DX = 85D - w D
dH*k 4k | Pk 4k 3k _ skpy4z2 4k
5 = 6(C™ + D) = (uy + g + VIHY + wp HYF = 8°H — wy H*

PWID with three incarcerations (n=5, k>1),

5k
dit = - ((1 — A+ u1+v) S5k + w Sk — §k§52— ¢, S5k
apsk 5,k o5,k 5,k 4k Kp5,2 5,k
— = A=) = (6 + Wy + V)P + 0 PP = 85P> = w P>
dcsk 51 5.k 4k _ k52 5k
—5 = oP> —(y+&+ +Vv)C + 0w C* = §°C>"— wi C>
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5k
dDT =yC>* — (& + py + pg + v)D>* + w, D** — §KD52— @, D>*

dH>¥
dt

= E(C5* + D5F) — (g + Wy + VIHY + w0, H¥* — SKH52— @, H>*

PWID with more than three incarcerations (n=6, k>1),

6,k

6,k
dZ—t = (1 — a)A%kSo* — (o + py + V)PO*¥ + @, P>* — §KP2— @, PO3— @, PO*
dcok 6,1 6,k sk _ skr6.2 6,3 6,4

dt = 0P — (y+ 3§+ +V)C™" + @ O = §°C%"— 0, €% — wy C™
dpok 6.k 6,k 5k _ k6,2 6,3 6,4
—a = 1C% = (€4 + s + VID + @y DV — 84D = w0y DO - wy D
dH5k

T = &(CO* + D) — (W + Wy + VIHO* + w0 HY — 8¥HO?— w H**~ w) Ho*

For Former-PWID:

dSF = =

— = VIadi K=1S™K —p,SF

dPF _ _

o = VIRZIZKZI P — (0 + pp)PF

L = VIS TR + GPF — (7 + £+ 1,)CF
dDF _ _

— = VIR ZEZI D™ +yCF — (& + Mp + 13)DF

dHF _

- nZ Xko1 H™* + £(CF + DF)—~(u, + py)HF

Force of Infection

Among PWID, baseline force of infection, A%, is determined by an HCV
transmission rate, 3, and the proportion of infected PWID. Incarcerated individuals have

an elevated risk of acquiring infection associated to parenteral transmission, i.e.,
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receptive syringe sharing, specific to their incarceration status. This increased risk is
obtained by multiplying the relative risk of receptive syringe sharing associated to each
incarceration category, RR,, ., by the transmission coefficient (see Supplemental section

2 below for details on the estimation of the relative risks).

For A™k:
Al’l:ﬂQl'l+QZ'1+FQ3'2+FQ4'2+KQS'2+K96'2+®Q3'3+®Q4'3+HQS'3+HQ6'3
NLI4NZ14TN324TN42+KNS52+KN&2+ON33+@N*3+HN53+HNG3
201 = p11
12,1 — /11,1
13,2 — 1-*/11,1
14—,2 — Fﬂ.l’l
/15,2 — K/11‘1
2162 = gLt
13,3 — @Al‘l
14-,3 — @Al’l
15,3 — H/ll’l
/16,3 — H/ll’l
Where:

Qvk = pnk 4 cnkppnk 4 gnk (infected)
swk = smk(susceptible)

Nk = qrk 4 sk (total)

2) METVIR transitions table
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Table C.1. METAVIR fibrosis stages (annual transitions)
Parameter Point Estimates Ranges/Cls Reference, Source &
Comments
METAVIR FO-F1 0.117 (0.104-0.130) | (12)
METAVIR F1-F2 0.085 (0.075-0.096) | (12)
METAVIR F2-F3 0.120 (0.109-0.133) | (12)
F3 to 0.116 (0.104-0.129) | (12)
compensated
cirrhosis (CC) 2
FO-F4 referrer to fibrosis stages. FO-F2 can be associated to mild, F3 to moderate, and
F4 to cirrhosis according to the Laennec scoring system (115).

3) Relative Risks estimation from El Cuete-IV Study

For estimating the incarceration related relative risks that informed our model, we
used data from an ongoing community-based cohort study of PWID in Tijuana, Mexico
(El Cuete-1V) (8). Between 2011 and 2012 baseline data were collected with follow-up
surveys every 6 months. Targeted sampling consisting of street outreach in 10
neighborhoods across Tijuana was used to recruit participants who were 18 years of age
or older, had injected drugs in the past month, and were currently living in Tijuana. Trained
interviewers collected data on socio-demographics, drug use behaviors, drug treatment
experiences, justice involvement, migration history, and drug related harms and health
outcomes (32). This study was approved by the Ethics Board at the University of
California San Diego and Xochicalco University in Tijuana. All participants provided

written informed consent.

a. Incarceration categories
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For estimating the elevated risks associated to repeated incarceration and the
post-release risk, we included PWID recruited between April 2011 and June 2012 and
followed for approximately 54 months (visits 1 through 10). We included only those
participants who reported never being incarcerated at baseline to exclude participants
who may already have been at increased risk of reincarceration and/or syringe sharing
associated with previous incarceration.

The outcome of this study was self-reported receptive syringe sharing in the past
6 months, a dichotomous variable with categories “never” and “ever.” The exposure
variable was constructed from combining cumulative number and recency of
incarcerations into five categories. We first defined cumulative incarcerations as the
number of incarceration events reported by participants over the follow-up period. Then,
we defined recency of incarceration as the time elapsed post-release (i.e., number of
visits) after a participant had reported being incarcerated. From these variables,
specifically for this study, we created five mutually exclusive categories: never
incarcerated, 1-2 incarcerations and recently incarcerated (past 6 months [p6m]), 1-2
incarcerations and non-recently incarcerated (more than 6 moths [>6m]), 3-4
incarcerations and recently incarcerated (p6m), and 3-4 incarcerations and non-recently
incarcerated (>6m).

To estimate the longitudinal association between our incarceration/post-release
categories, we used log-binomial regression with generalized estimating equations
(GEE). We specified an exchangeable correlation structure to account for the correlated
nature of the repeated measurements among study participants. We chose a log-binomial

specification to assure obtaining relative risks instead of odds ratios. However, the log-
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binomial regression reported a failed convergence when using a multivariable adjusted
model, a common issue with this type of regression (116), so we ran an unadjusted model.
Participants with missing observations were incorporated to the analysis using multiple
imputation by chained equations (MICE package in R, van Buuren and Groothuis-
Oudshoorn (117)). The model outputs are shown in Table C2 below. For further details
on El Cuete study, the subsample of PWID, the longitudinal setup, handling of missing
data and multiple imputation, construction of the outcome variable, and construction of
the cumulative incarceration and post-release variables see Rivera Saldana, Beletsky
(82). The categories defined for the exposure variable described were designed

exclusively for the present study.

Table C.2. Impact of the Cumulative Incarceration-Recent Release variable on
Receptive Syringe sharing (unadjusted log-binomial)

95% ClI
Category description: Category RR Lower Upper p=value
never incarcerated 0 na na na na
1-2 incarcerations & recently |1 1.24 1.05 1.47 0.01
incarcerated
1-2 incarcerations & non-recently | 2 1.10 0.95 1.27 0.22
incarcerated
>3 incarcerations & recently |3 142 1.15 1.74 0.001
incarcerated
>3 incarcerations & non-recently | 4 1.27 0.93 1.72 0.13
incarcerated

b. Impact of Escudo on risk of recent incarceration

To assess the impact of Escudo’s time period effect on the risk of recent
incarceration (past 6 months) among PWID in Tijuana, we included all PWID recruited to

El Cuete between April 2011 and June 2012 and followed for approximately 78 months
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(visits 1 through 14). To obtain this risk we used a mixed-effects log-binomial regression
with generalized estimating equations assuming an autoregressive (AR1) correlation
structure to account for correlated observations across time, with a robust sandwich
estimator as the covariance estimator for fixed effects. Comparing the period that spans
from the beginning of El Cuete study to the beginning of the Escudo program (2011-2015)
with the period after the implementation of Escudo (2016-2017), we estimated the time
period relative risk of being recently incarcerated (past 6 months [p6m]) as RR 3.12 (95%
Cl 2.54-3.84). We then used the inverse of this estimate to include in our model as the
reduction in the risk of recent incarceration among PWID derived from the implementation

of Escudo (68% [95% CI 61-74%)]).

4) Disutility weights for DALY calculations

We obtained the disutility weights associated to HCV-disease sequalae, i.e.,
decompensated cirrhosis and hepatocellular carcinoma, from the global burden of
disease study (109). Disutility weights for compensated cirrhosis were not available so
we instead used those for moderate acute episode of infectious disease (109). We also
considered disability weights associated to active PWID status using the disability weights
reported for moderate to severe heroin and other opioid dependence (109). Additionally,
we considered a disutility reduction for PWID on OAT (obtained from Nosyk, Marsh

(118)).
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5) Sensitivity analysis

Table C.3.
Partial rank correlation coefficients (PRCC)
The results are significant at the 0.05 level (*), the 0.01 level (**) or the
0.001 level (***)
#  Parameter PRCC
1 Injection duration (1) -0.38  ***
2  PWID background mortality (mul) -0.34
3  Reduced risk of death after injection cessation (M) 0.08 **
4  Primary incarceration rate (tau) 0.13 el
5 Reincarceration rate (omega) 0.78 Frk
6  Proportion who spontaneously clear infection (alpha) 0.05
7  Annual transition from pre-cirrhosis to CC (sigma) 0.08 ~*
8 Annual transition from CC to DC (gamma) 0.08 **
9  Annual transition from CC/DC to HCC (xi) -0.27  *x
10 Annual transition from DC to death (mu3) -0.13 ¥
11 Annual transition from HCC to death (mu4) 0.01
12 Elevated risk for PWID incarcerated 1-2 times (p6m)
(G1) 0.23 ¥
13 Elevated risk for PWID incarcerated 1-2 times (>6m)
(Thl) 0.46  ***
14 Elevated risk for PWID incarcerated 3-4 times (p6m)
(K1) 0.19
15 Elevated risk for PWID incarcerated 3-4 times (>6m)
(H1) 0.86  ***
16 Reduced risk of incarceration Escudo 0.27  ***
17 Disutility weight from compensate cirrhosis 0.40 kK
18 Disutility weight from decompensated cirrhosis 0.26  ***
19 Disutility weight from hepatocellular carcinoma 0.01
20 Disutility weight from active injection drug use 0.1 o
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6) Additional plots

30 -

20 -

15

baseline incidence rate — — 95% Uncertainty Interval

Baseline Incidence rate & 95% Ul per 100py
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year

Figure C.1. Baseline (no Escudo) incidence rate projection and 95% uncertainty interval per 100

person-years. Ul: uncertainty interval; py: person-years

148



References

1. Csete J, Kamarulzaman A, Kazatchkine M, Altice F, Balicki M, Buxton J, Cepeda
J, Comfort M, Goosby E, Goulao J, Hart C, Kerr T, Lajous AM, Lewis S, Martin N, Mejia
D, Camacho A, Mathieson D, Obot I, Ogunrombi A, Sherman S, Stone J, Vallath N,
Vickerman P, Zabransky T, Beyrer C. Public health and international drug policy. Lancet
(London, England). 2016;387(10026):1427-80.

2. Dolan K, Wirtz AL, Moazen B, Ndeffo-Mbah M, Galvani A, Kinner SA, Courtney R,
McKee M, Amon JJ, Maher L, Hellard M, Beyrer C, Altice FL. Global burden of HIV, viral
hepatitis, and tuberculosis in prisoners and detainees. Lancet (London, England).
2016;388(10049):1089-102.

3. Kamarulzaman A, Reid SE, Schwitters A, Wiessing L, El-Bassel N, Dolan K,
Moazen B, Wirtz AL, Verster A, Altice FL. Prevention of transmission of HIV, hepatitis B
virus, hepatitis C virus, and tuberculosis in prisoners. Lancet (London, England).
2016;388(10049):1115-26.

4. Larney S, Peacock A, Leung J, Colledge S, Hickman M, Vickerman P, Grebely J,
Dumchev KV, Griffiths P, Hines L, Cunningham EB, Mattick RP, Lynskey M, Marsden J,
Strang J, Degenhardt L. Global, regional, and country-level coverage of interventions to
prevent and manage HIV and hepatitis C among people who inject drugs: a systematic
review. The Lancet Global health. 2017;5(12):e1208-e20.

5. Graham CS, Swan T. A path to eradication of hepatitis C in low- and middle-income
countries. Antiviral Research. 2015;119:89-96.

6. Cepeda JA, Strathdee SA, Arredondo J, Mittal ML, Rocha T, Morales M, Clairgue
E, Bustamante E, Abramovitz D, Artamonova |, Bafiuelos A, Kerr T, Magis-Rodriguez CL,
Beletsky L. Assessing police officers' attitudes and legal knowledge on behaviors that
impact HIV transmission among people who inject drugs. The International journal on
drug policy. 2017;50:56-63.

7. Arredondo J, Strathdee SA, Cepeda J, Abramovitz D, Artamonova I, Clairgue E,
Bustamante E, Mittal ML, Rocha T, Bafiuelos A, Olivarria HO, Morales M, Rangel G,
Magis C, Beletsky L. Measuring improvement in knowledge of drug policy reforms
following a police education program in Tijuana, Mexico. Harm reduction journal.
2017;14(1):72.

149



8. Strathdee S. Proyecto El Cuete phase IV. Tijuana, Mexico: NIDA grant RO1 DAO
19829; 2010.

9. Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice C, Vos T, Abubakar I, Abu-
Raddad LJ, Assadi R, Bhala N, Cowie B, Forouzanfour MH, Groeger J, Hanafiah KM,
Jacobsen KH, James SL, MacLachlan J, Malekzadeh R, Martin NK, Mokdad AA, Mokdad
AH, Murray CJL, Plass D, Rana S, Rein DB, Richardus JH, Sanabria J, Saylan M,
Shahraz S, So S, Vlassov VV, Weiderpass E, Wiersma ST, Younis M, Yu C, El Sayed
Zaki M, Cooke GS. The global burden of viral hepatitis from 1990 to 2013: findings from
the Global Burden of Disease Study 2013. The Lancet. 2016;388(10049):1081-8.

10. WHO. Hepatitis C fact sheet 2018 [Available from: https://www.who.int/news-
room/fact-sheets/detail/hepatitis-c.

11. Westbrook RH, Dusheiko G. Natural history of hepatitis C. Journal of Hepatology.
2014;61(1, Supplement):S58-S68.

12. Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific fibrosis
progression rates in chronic hepatitis C virus infection: a meta-analysis and meta-
regression. Hepatology (Baltimore, Md). 2008;48(2):418-31.

13. Degenhardt L, Peacock A, Colledge S, Leung J, Grebely J, Vickerman P, Stone J,
Cunningham EB, Trickey A, Dumchev K, Lynskey M, Griffiths P, Mattick RP, Hickman M,
Larney S. Global prevalence of injecting drug use and sociodemographic characteristics
and prevalence of HIV, HBV, and HCV in people who inject drugs: a multistage systematic
review. Lancet Glob Health. 2017;5(12):e1192-e207.

14.  Grebely J, Dore GJ. Can hepatitis C virus infection be eradicated in people who
inject drugs? Antiviral Research. 2014;104:62-72.

15. Beletsky L, Abramovitz D, Baker P, Arredondo J, Rangel G, Artamonova |, Marotta
P, Mittal ML, Rocha-Jimenéz T, Morales M, Clairgue E, Kang S, Banuelos A, Cepeda J,
Patterson TA, Strathdee SA. Reducing police occupational needle stick injury risk
following an interactive training: the SHIELD cohort study in Mexico. BMJ open.
2021;11(4):e041629.

16. Stone J, Fraser H, Lim AG, Walker JG, Ward Z, MacGregor L, Trickey A, Abbott
S, Strathdee SA, Abramovitz D, Maher L, Iversen J, Bruneau J, Zang G, Garfein RS, Yen
YF, Azim T, Mehta SH, Milloy MJ, Hellard ME, Sacks-Davis R, Dietze PM, Aitken C,
Aladashvili M, Tsertsvadze T, Mravcik V, Alary M, Roy E, Smyrnov P, Sazonova Y, Young
AM, Havens JR, Hope VD, Desai M, Heinsbroek E, Hutchinson SJ, Palmateer NE,

150


https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c

McAuley A, Platt L, Martin NK, Altice FL, Hickman M, Vickerman P. Incarceration history
and risk of HIV and hepatitis C virus acquisition among people who inject drugs: a
systematic review and meta-analysis. The Lancet Infectious diseases. 2018;18(12):1397-
4009.

17. Baker P, Beletsky L, Avalos L, Venegas C, Rivera C, Strathdee SA, Cepeda J.
Policing practices and HIV Risk Among People Who Inject Drugs - a Systematic Literature
Review. Epidemiol Rev. 2020.

18. Strathdee SA, Beletsky L, Kerr T. HIV, drugs and the legal environment. The
International journal on drug policy. 2015;26 Suppl 1:S27-32.

19. Volkmann T, Lozada R, Anderson CM, Patterson TL, Vera A, Strathdee SA.
Factors associated with drug-related harms related to policing in Tijuana, Mexico. Harm
reduction journal. 2011;8:7-.

20. Beletsky L, Lozada R, Gaines T, Abramovitz D, Staines H, Vera A, Rangel G,
Arredondo J, Strathdee SA. Syringe confiscation as an HIV risk factor: the public health
implications of arbitrary policing in Tijuana and Ciudad Juarez, Mexico. Journal of urban
health : bulletin of the New York Academy of Medicine. 2013;90(2):284-98.

21. Pollini RA, Brouwer KC, Lozada RM, Ramos R, Cruz MF, Magis-Rodriguez C,
Case P, Burris S, Pu M, Frost SD, Palinkas LA, Miller C, Strathdee SA. Syringe
possession arrests are associated with receptive syringe sharing in two Mexico-US
border cities. Addiction (Abingdon, England). 2008;103(1):101-8.

22. Hayashi K, Ti L, Csete J, Kaplan K, Suwannawong P, Wood E, Kerr T. Reports of
police beating and associated harms among people who inject drugs in Bangkok,
Thailand: a serial cross-sectional study. BMC Public Health. 2013;13:733.

23. DeBeck K, Cheng T, Montaner JS, Beyrer C, Elliott R, Sherman S, Wood E, Baral
S. HIV and the criminalisation of drug use among people who inject drugs: a systematic
review. The lancet HIV. 2017;4(8):e357-e74.

24.  Winter RJ, Stoové M, Agius PA, Hellard ME, Kinner SA. Injecting drug use is an
independent risk factor for reincarceration after release from prison: A prospective cohort
study. Drug and alcohol review. 2019;38(3):254-63.

151



25.  Milloy MJ, Wood E, Small W, Tyndall M, Lai C, Montaner J, Kerr T. Incarceration
experiences in a cohort of active injection drug users. Drug and alcohol review.
2008;27(6):693-9.

26. Cunningham EB, Hajarizadeh B, Amin J, Bretana N, Dore GJ, Degenhardt L,
Larney S, Luciani F, Lloyd AR, Grebely J. Longitudinal injecting risk behaviours among
people with a history of injecting drug use in an Australian prison setting: The HITS-p
study. International Journal of Drug Policy. 2018;54:18-25.

27. Heimer R, Levina OS, Osipenko V, Ruiz MS, Sergeyev B, Sirotkin AV,
Vyshemirskaya |. Impact of incarceration experiences on reported HIV status and
associated risk behaviours and disease comorbidities. Eur J Public Health.
2015;25(6):1089-94.

28. Wood E, Li K, Small W, Montaner JS, Schechter MT, Kerr T. Recent incarceration
independently associated with syringe sharing by injection drug users. Public health
reports (Washington, DC : 1974). 2005;120(2):150-6.

29. Strathdee SA, Hallett TB, Bobrova N, Rhodes T, Booth R, Abdool R, Hankins CA.
HIV and risk environment for injecting drug users: the past, present, and future. Lancet
(London, England). 2010;376(9737):268-84.

30. Pollini RA, Alvelais J, Gallardo M, Vera A, Lozada R, Magis-Rodriquez C,
Strathdee SA. The harm inside: injection during incarceration among male injection drug
users in Tijuana, Mexico. Drug and alcohol dependence. 2009;103(1-2):52-8.

31. Borquez A, Beletsky L, Nosyk B, Strathdee SA, Madrazo A, Abramovitz D, Rafful
C, Morales M, Cepeda J, Panagiotoglou D, Krebs E, Vickerman P, Claude Boily M,
Thomson N, Martin NK. The effect of public health-oriented drug law reform on HIV
incidence in people who inject drugs in Tijuana, Mexico: an epidemic modelling study.
The Lancet Public health. 2018;3(9):e429-e37.

32. Robertson AM, Garfein RS, Wagner KD, Mehta SR, Magis-Rodriguez C, Cuevas-
Mota J, Moreno-Zuniga PG, Strathdee SA. Evaluating the impact of Mexico's drug policy
reforms on people who inject drugs in Tijuana, B.C., Mexico, and San Diego, CA, United
States: a binational mixed methods research agenda. Harm reduction journal. 2014;11:4.

33. INPRFM I, CONADIC, & SSA. Encuesta Nacional Del Consumo de Drogas,
Alcohol y Tabaco 2016-2017: Reporte de drogas. Mexico.
https://encuestas.insp.mx/ena/: INPRFM; 2017 2017.

152


https://encuestas.insp.mx/ena/

34. Magis-Rodriguez C, Brouwer KC, Morales S, Gayet C, Lozada R, Ortiz-Mondragon
R, Ricketts EP, Strathdee SA. HIV prevalence and correlates of receptive needle sharing
among injection drug users in the Mexican-U.s. border city of Tijuana. Journal of
psychoactive drugs. 2005;37(3):333-9.

35. West BS, Abramovitz DA, Gonzalez-Zuniga P, Rangel G, Werb D, Cepeda J,
Beletsky L, Strathdee SA. Drugs, discipline and death: Causes and predictors of mortality
among people who inject drugs in Tijuana, 2011-2018. The International journal on drug
policy. 2019;75:102601.

36. Fleiz-Bautista C, Dominguez-Garcia, M., Villatoro-Velazquez, JA., Vazquez-
Quiroz, F., Zafra-Mora, E., Sanchez-Ramos R., Resendiz-Escobar E., Bustos-Gamifio
M., Medina-Mora ME. Cuqueando la ChivaN Contextos del consumo de heroina en la
frontera norte de México. INPRFM, editor. Cuidad de México, México: INPRFM; 2019.

37. White EF, Garfein RS, Brouwer KC, Lozada R, Ramos R, Firestone-Cruz M, Perez
SG, Magis-Rodriguez C, Conde-Glez CJ, Strathdee SA. Prevalence of hepatitis C virus
and HIV infection among injection drug users in two Mexican cities bordering the U.S.
Salud publica de Mexico. 2007;49(3):165-72.

38. Strathdee SA, Magis-Rodriguez C, Mays VM, Jimenez R, Patterson TL. The
emerging HIV epidemic on the Mexico-U.S. border: an international case study
characterizing the role of epidemiology in surveillance and response. Annals of
epidemiology. 2012;22(6):426-38.

39. Smith LR, Patterson TL, Magis-Rodriguez C, Ojeda VD, Burgos JL, Rojas SA,
Zuniga ML, Strathdee SA. Engagement in the HIV Care Continuum among Key
Populations in Tijuana, Mexico. AIDS and behavior. 2016;20(5):1017-25.

40. Russoniello K. The devil (and drugs) in the details: Portugal's focus on public
health as a model for decriminalization of drugs in Mexico. Yale journal of health policy,
law, and ethics. 2012;12(2):371-431.

41. Moreno JG, Licea JA, Ajenjo CR. Tackling HIV and drug addiction in Mexico.
Lancet (London, England). 2010;376(9740):493-5.

42. Arredondo J, Gaines T, Manian S, Vilalta C, Banuelos A, Strathdee SA, Beletsky
L. The law on the streets: Evaluating the impact of Mexico's drug decriminalization reform
on drug possession arrests in Tijuana, Mexico. The International journal on drug policy.
2018;54:1-8.

153



43.  Strathdee SA, Arredondo J, Rocha T, Abramovitz D, Rolon ML, Patifio Mandujano
E, Rangel MG, Olivarria HO, Gaines T, Patterson TL, Beletsky L. A police education
programme to integrate occupational safety and HIV prevention: protocol for a modified
stepped-wedge study design with parallel prospective cohorts to assess behavioural
outcomes. BMJ open. 2015;5(8).

44. WHO. Global health sector strategy on viral hepatitis, 2016-2021. World Health
Organization. 2016.

45.  Valadez B. Mexico anuncia plan para eliminacion de la Hepatitis C. Milenio. 2019.

46. México establecié una estrategia de tratamiento y eliminacién de la hepatitis C
[press release]. Mexico: Gobierno de Mexico, 30 de Julio de 2019 2019.

47. Rhodes T. The ‘risk environment’: a framework for understanding and reducing
drug-related harm. The International Journal of Drug Policy 2002;13:85-94.

48. Rhodes T, Singer M, Bourgois P, Friedman SR, Strathdee SA. The social structural
production of HIV risk among injecting drug users. Social science & medicine (1982).
2005;61(5):1026-44.

49. Dumont DM, Brockmann B, Dickman S, Alexander N, Rich JD. Public health and
the epidemic of incarceration. Annual review of public health. 2012;33:325-39.

50. Jurgens R, Nowak M, Day M. HIV and incarceration: prisons and detention.
Journal of the International AIDS Society. 2011;14:26.

51. Kinner SA, Jenkinson R, Gouillou M, Milloy MJ. High-risk drug-use practices
among a large sample of Australian prisoners. Drug and alcohol dependence.
2012;126(1-2):156-60.

52. Binswanger IA, Nowels C, Corsi KF, Glanz J, Long J, Booth RE, Steiner JF. Return
to drug use and overdose after release from prison: a qualitative study of risk and
protective factors. Addiction science & clinical practice. 2012;7:3.

53. Cepeda JA, Vetrova MV, Lyubimova Al, Levina OS, Heimer R, Niccolai LM.
Community reentry challenges after release from prison among people who inject drugs
in St. Petersburg, Russia. International journal of prisoner health. 2015;11(3):183-92.

154



54. Loeliger KB, Altice FL, Ciarleglio MM, Rich KM, Chandra DK, Gallagher C, Desai
MM, Meyer JP. All-cause mortality among people with HIV released from an integrated
system of jails and prisons in Connecticut, USA, 2007-14: a retrospective observational
cohort study. The lancet HIV. 2018;5(11):e617-e28.

55. Cepeda JA, Niccolai LM, Lyubimova A, Kershaw T, Levina O, Heimer R. High-risk
behaviors after release from incarceration among people who inject drugs in St.
Petersburg, Russia. Drug and alcohol dependence. 2015;147:196-202.

56. Milloy MJ, Buxton J, Wood E, Li K, Montaner JS, Kerr T. Elevated HIV risk
behaviour among recently incarcerated injection drug users in a Canadian setting: a
longitudinal analysis. BMC Public Health. 2009;9:156.

57. Gaines TL, Werb D, Arredondo J, Alaniz VM, Vilalta C, Beletsky L. The Spatial-
Temporal Pattern of Policing Following a Drug Policy Reform: Triangulating Self-Reported
Arrests With Official Crime Statistics. Substance use & misuse. 2017;52(2):214-22.

58. Codigo Penal Federal [Mexican Federal Penal Code], (2020).

59. CNDH-DF. Derecho a la Salud en Centros de Reclusion. In;: Humanos CdD, editor.
Dfensor. Mexico City2013.

60. Wagner KD, Pitpitan EV, Valente TW, Strathdee SA, Rusch M, Magis-Rodriguez
C, Chavarin CV, Patterson TL. Place of Residence Moderates the Relationship Between
Emotional Closeness and Syringe Sharing Among Injection Drug Using Clients of Sex
Workers in the US-Mexico Border Region. AIDS and behavior. 2015;19(6):987-95.

61. Midgard H, Hajarizadeh B, Cunningham EB, Conway B, Backmund M, Bruggmann
P, Bruneau J, Bourgeois S, Dunlop A, Foster GR, Hellard M, Robaeys G, Thurnheer MC,
Weltman M, Amin J, Marks PS, Quiene S, Dore GJ, Dalgard O, Grebely J. Changes in
risk behaviours during and following treatment for hepatitis C virus infection among
people who inject drugs: The ACTIVATE study. International Journal of Drug Policy.
2017;47:230-8.

62. Meacham MC, Roesch SC, Strathdee SA, Lindsay S, Gonzalez-Zuniga P, Gaines
TL. Latent classes of polydrug and polyroute use and associations with human
immunodeficiency virus risk behaviours and overdose among people who inject drugs in
Tijuana, Baja California, Mexico. Drug and alcohol review. 2018;37(1):128-36.

155



63. Chowdhury MZI, Turin TC. Variable selection strategies and its importance in
clinical prediction modelling. Family Medicine and Community Health.
2020;8(1):e000262.

64. Leuraud K, Benichou J. Tests for Monotonic Trend from Case-Control Data:
Cochran-Armitage-Mantel Trend Test, Isotonic Regression and Single and Multiple
Contrast Tests. Biometrical Journal. 2004;46(6):731-49.

65. van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate Imputation by Chained
Equations in R. journal of Statistical Software. 2011;45(3):1-67.

66. Fitzmaurice G, Laird, N., Ware, James. Applied Longitudinal Analysis. Second ed:
Wiley; 2011.

67. Beletsky L, Wagner KD, Arredondo J, Palinkas L, Magis Rodriguez C, Kalic N,
Natasha Ludwig B, Strathdee SA. Implementing Mexico’s “Narcomenudeo” Drug Law
Reform: A Mixed Methods Assessment of Early Experiences Among People Who Inject
Drugs. Journal of Mixed Methods Research. 2015;10(4):384-401.

68. Werb D, Wood E, Small W, Strathdee S, Li K, Montaner J, Kerr T. Effects of police
confiscation of illicit drugs and syringes among injection drug users in Vancouver. The
International journal on drug policy. 2008;19(4):332-8.

69. Volkmann T, Lozada R, Anderson CM, Patterson TL, Vera A, Strathdee SA.
Factors associated with drug-related harms related to policing in Tijuana, Mexico. Harm
reduction journal. 2011;8:7.

70.  Zaller N, Brinkley-Rubinstein L. Incarceration, drug use, and infectious diseases:
a syndemic still not addressed. The Lancet Infectious Diseases. 2018;18(12):1301-2.

71. Romero C. Mexicali offers safe spot for heroin addicts. El Universal. 2018.

72. Platt L, Minozzi S, Reed J, Vickerman P, Hagan H, French C, Jordan A,
Degenhardt L, Hope V, Hutchinson S, Maher L, Palmateer N, Taylor A, Bruneau J,
Hickman M. Needle and syringe programmes and opioid substitution therapy for
preventing HCV transmission among people who inject drugs: findings from a Cochrane
Review and meta-analysis. Addiction (Abingdon, England). 2018;113(3):545-63.

156



73. Martin NK, Devine A, Eaton JW, Miners A, Hallett TB, Foster GR, Dore GJ,
Easterbrook PJ, Legood R, Vickerman P. Modeling the impact of early antiretroviral
therapy for adults coinfected with HIV and hepatitis B or C in South Africa. AIDS (London,
England). 2014;28 Suppl 1:S35-46.

74.  Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, Wood AM,
Carpenter JR. Multiple imputation for missing data in epidemiological and clinical
research: potential and pitfalls. BMJ. 2009;338:b2393.

75. Donders AR, van der Heijden GJ, Stijnen T, Moons KG. Review: a gentle
introduction to imputation of missing values. Journal of clinical epidemiology.
2006;59(10):1087-91.

76. Twisk JWR. Applied Longitudinal Data Analysis for Epidemiology : A Practical
Guide. New York, UNITED STATES: Cambridge University Press; 2013.

77. Horyniak D, Strathdee SA, West BS, Meacham M, Rangel G, Gaines TL.
Predictors of injecting cessation among a cohort of people who inject drugs in Tijuana,
Mexico. Drug and alcohol dependence. 2018;185:298-304.

78. Iversen J, Page K, Madden A, Maher L. HIV, HCV, and Health-Related Harms
Among Women Who Inject Drugs: Implications for Prevention and Treatment. Journal of
acquired immune deficiency syndromes (1999). 2015;69 Suppl 2(0 1):S176-S81.

79.  Trickey A, Fraser H, Lim AG, Peacock A, Colledge S, Walker JG, Leung J, Grebely
J, Larney S, Martin NK, Hickman M, Degenhardt L, May MT, Vickerman P. The
contribution of injection drug use to hepatitis C virus transmission globally, regionally, and
at country level: a modelling study. The lancet Gastroenterology & hepatology. 2019.

80. Loeliger KB, Altice FL, Desai MM, Ciarleglio MM, Gallagher C, Meyer JP.
Predictors of linkage to HIV care and viral suppression after release from jails and prisons:
a retrospective cohort study. The lancet HIV. 2018;5(2):e96-e106.

81. Stone J, Martin NK, Hickman M, Hutchinson SJ, Aspinall E, Taylor A, Munro A,
Dunleavy K, Peters E, Bramley P, Hayes PC, Goldberg DJ, Vickerman P. Modelling the
impact of incarceration and prison-based hepatitis C virus (HCV) treatment on HCV
transmission among people who inject drugs in Scotland. Addiction (Abingdon, England).
2017;112(7):1302-14.

157



82. Rivera Saldana CD, Beletsky L, Borquez A, Kiene SM, Strathdee SA, Zufiga ML,
Martin NK, Cepeda J. Impact of cumulative incarceration and the post-release period on
syringe-sharing among people who inject drugs in Tijuana, Mexico: a longitudinal
analysis. Addiction (Abingdon, England). 2021.

83. Lim AG, Qureshi H, Mahmood H, Hamid S, Davies CF, Trickey A, Glass N, Saeed
Q, Fraser H, Walker JG, Mukandavire C, Hickman M, Martin NK, May MT, Averhoff F,
Vickerman P. Curbing the hepatitis C virus epidemic in Pakistan: the impact of scaling up
treatment and prevention for achieving elimination. Int J Epidemiol. 2018;47(2):550-60.

84. Walker JG, Kuchuloria T, Sergeenko D, Fraser H, Lim AG, Shadaker S, Hagan L,
Gamkrelidze A, Kvaratskhelia V, Gvinjilia L, Aladashvili M, Asatiani A, Baliashvili D,
Butsashvili M, Chikovani I, Khonelidze I, Kirtadze |, Kuniholm MH, Otiashvili D, Sharvadze
L, Stvilia K, Tsertsvadze T, Zakalashvili M, Hickman M, Martin NK, Morgan J, Nasrullah
M, Averhoff F, Vickerman P. Interim effect evaluation of the hepatitis C elimination
programme in Georgia: a modelling study. The Lancet Global health. 2020;8(2):e244-
e53.

85. Marquez LK, Cepeda JA, Bérquez A, Strathdee SA, Gonzalez-Zufiga PE, Fleiz C,
Rafful C, Garfein RS, Kiene SM, Brodine S, Martin NK. Is hepatitis C virus (HCV)
elimination achievable among people who inject drugs in Tijuana, Mexico? A modeling
analysis. The International journal on drug policy. 2020:102710.

86. Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute
hepatitis C infection: a systematic review of longitudinal studies. J Viral Hepat.
2006;13(1):34-41.

87. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Almasio P, Nevens F,
Solinas A, Mura D, Brouwer JT, Thomas H, Njapoum C, Casarin C, Bonetti P, Fuschi P,
Basho J, Tocco A, Bhalla A, Galassini R, Noventa F, Schalm SW, Realdi G. Morbidity
and mortality in compensated cirrhosis type C: a retrospective follow-up study of 384
patients. Gastroenterology. 1997;112(2):463-72.

88. vander Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour JF, Lammert F, Duarte-
Rojo A, Heathcote EJ, Manns MP, Kuske L, Zeuzem S, Hofmann WP, de Knegt RJ,
Hansen BE, Janssen HL. Association between sustained virological response and all-
cause mortality among patients with chronic hepatitis C and advanced hepatic fibrosis.
Jama. 2012;308(24):2584-93.

89. Blach S, Zeuzem S, Manns M, Altraif I, Duberg A-S, Muljono DH, Waked I, Alavian
SM, Lee M-H, Negro F, Abaalkhail F, Abdou A, Abdulla M, Rached AA, Aho |, Akarca U,

158



Al Ghazzawi |, Al Kaabi S, Al Lawati F, Al Namaani K, Al Serkal Y, Al-Busafi SA, Al-Dabal
L, Aleman S, Alghamdi AS, Aljumah AA, Al-Romaihi HE, Andersson MI, Arendt V, Arkkila
P, Assiri AM, Baatarkhuu O, Bane A, Ben-Ari Z, Bergin C, Bessone F, Bihl F, Bizri AR,
Blachier M, Blasco AJ, Mello CEB, Bruggmann P, Brunton CR, Calinas F, Chan HLY,
Chaudhry A, Cheinquer H, Chen C-J, Chien R-N, Choi MS, Christensen PB, Chuang W-
L, Chulanov V, Cisneros L, Clausen MR, Cramp ME, Craxi A, Croes EA, Dalgard O,
Daruich JR, de Ledinghen V, Dore GJ, El-Sayed MH, Ergor G, Esmat G, Estes C,
Falconer K, Farag E, Ferraz MLG, Ferreira PR, Flisiak R, Frankova S, Gamkrelidze |,
Gane E, Garcia-Samaniego J, Khan AG, Gountas |, Goldis A, Gottfredsson M, Grebely
J, Gschwantler M, Pessba MG, Gunter J, Hajarizadeh B, Hajelssedig O, Hamid S,
Hamoudi W, Hatzakis A, Himatt SM, Hofer H, Hrstic I, Hui Y-T, Hunyady B, Idilman R,
Jafri W, Jahis R, Janjua NZ, JarCuska P, Jeruma A, Jonasson JG, Kamel Y, Kao J-H,
Kaymakoglu S, Kershenobich D, Khamis J, Kim YS, Kondili L, Koutoubi Z, Krajden M,
Krarup H, Lai M-s, Laleman W, Lao W-c, Lavanchy D, L4zaro P, Leleu H, Lesi O,
Lesmana LA, Li M, Liakina V, Lim Y-S, Luksic B, Mahomed A, Maimets M, Makara M,
Malu AO, Marinho RT, Marotta P, Mauss S, Memon MS, Correa MCM, Mendez-Sanchez
N, Merat S, Metwally AM, Mohamed R, Moreno C, Mourad FH, Millhaupt B, Murphy K,
Nde H, Njouom R, Nonkovic D, Norris S, Obekpa S, Oguche S, Olafsson S, Oltman M,
Omede O, Omuemu C, Opare-Sem O, @vrehus ALH, Owusu-Ofori S, Oyunsuren TS,
Papatheodoridis G, Pasini K, Peltekian KM, Phillips RO, Pimenov N, Poustchi H,
Prabdial-Sing N, Qureshi H, Ramji A, Razavi-Shearer D, Razavi-Shearer K, Redae B,
Reesink HW, Ridruejo E, Robbins S, Roberts LR, Roberts SK, Rosenberg WM, Roudot-
Thoraval F, Ryder SD, Safadi R, Sagalova O, Salupere R, Sanai FM, Avila JFS, Saraswat
V, Sarmento-Castro R, Sarrazin C, Schmelzer JD, Schréter |, Seguin-Devaux C, Shah
SR, Sharara Al, Sharma M, Shevaldin A, Shiha GE, Sievert W, Sonderup M, Souliotis K,
Speiciene D, Sperl J, Starkel P, Stauber RE, Stedman C, Struck D, Su T-H, Sypsa V, Tan
S-S, Tanaka J, Thompson AJ, Tolmane I, Tomasiewicz K, Valantinas J, Van Damme P,
van der Meer AJ, van Thiel I, Van Vlierberghe H, Vince A, Vogel W, Wedemeyer H, Weis
N, Wong VWS, Yaghi C, Yosry A, Yuen M-f, Yunihastuti E, Yusuf A, Zuckerman E, Razavi
H. Global prevalence and genotype distribution of hepatitis C virus infection in 2015: a
modelling study. The Lancet Gastroenterology & Hepatology. 2017;2(3):161-76.

90. Blower SM, Dowlatabadi H. Sensitivity and Uncertainty Analysis of Complex
Models of Disease Transmission: An HIV Model, as an Example. International Statistical
Review / Revue Internationale de Statistique. 1994;62(2):229-43.

91. WuY, Huang M, Wang X, Li Y, Jiang L, Yuan Y. The prevention and control of
tuberculosis: an analysis based on a tuberculosis dynamic model derived from the cases
of Americans. BMC public health. 2020;20(1):1173-.

92. Marino S, Hogue IB, Ray CJ, Kirschner DE. A methodology for performing global
uncertainty and sensitivity analysis in systems biology. Journal of theoretical biology.
2008;254(1):178-96.

159



93.  Altice FL, Azbel L, Stone J, Brooks-Pollock E, Smyrnov P, Dvoriak S, Taxman FS,
El-Bassel N, Martin NK, Booth R, Stéver H, Dolan K, Vickerman P. The perfect storm:
incarceration and the high-risk environment perpetuating transmission of HIV, hepatitis C
virus, and tuberculosis in Eastern Europe and Central Asia. The Lancet.
2016;388(10050):1228-48.

94. CENSIDA. Programa Nacional de la Hepatitis C Mexico2021 [Available from:
https://www.gob.mx/censida/documentos/la-hepatitis-c-es-curable?idiom=es.

95. Burgos JL, Cepeda JA, Kahn JG, Mittal ML, Meza E, Lazos RRP, Vargas PC,
Vickerman P, Strathdee SA, Martin NK. Cost of provision of opioid substitution therapy
provision in Tijuana, Mexico. Harm reduction journal. 2018;15(1):28.

96. Lindqvist K, Wallmofeldt C, Holmén E, Hammarberg A, Kaberg M. Health literacy
and changes in pattern of drug use among participants at the Stockholm Needle
Exchange Program during the COVID-19 pandemic. Harm reduction journal.
2021;18(1):52.

97. Glick SN, Prohaska SM, LaKosky PA, Juarez AM, Corcorran MA, Des Jarlais DC.
The Impact of COVID-19 on Syringe Services Programs in the United States. AIDS and
behavior. 2020;24(9):2466-8.

98. Laffont I, Gelis A, Balva C, Tavares I, Julia M, Pradalier F, Feuvrier F, Benhadid
A, Fazilleau S, Masson J, Jourdan C, Dupeyron A, Duflos C. Interruption of outpatient
follow-up in physical and rehabilitation medicine: Observational cross-sectional study of
deleterious consequences of the first COVID-19 lockdown in France. Ann Phys Rehabil
Med. 2021;64(6):101531.

99. Diaz-Bello S, Herndndez-Hernandez A, Guinto-Nishimura GY, Mondragén-Soto
MG, Lem-Carrillo M, Gonzalez-Aguilar A, Calleja-Castillo JM, Leyva-Rendon A, Ledn-
Ortiz P, Chavez-Pifia CM, Pando-Tarin GA, Mejia-Pérez Sl, Taboada-Barajas J, Zavala-
Alvarez ED, Soto-Hernandez JL, Cardenas G, Gomez-Amador JL. Reconversion of
neurosurgical practice in times of the SARS-CoV-2 pandemic: a narrative review of the
literature and guideline implementation in a Mexican neurosurgical referral center.
Neurosurg Focus. 2020;49(6):E4.

100. Hoenigl M. AD, Flores R., Martin N., Reau N. The impact of the COVID-2019
pandemic on HCV testing and treatment in the United States. [Poster]. In press 2021.

101. Grebely J, Dalgard O, Conway B, Cunningham EB, Bruggmann P, Hajarizadeh B,
Amin J, Bruneau J, Hellard M, Litwin AH, Marks P, Quiene S, Siriragavan S, Applegate

160


https://www.gob.mx/censida/documentos/la-hepatitis-c-es-curable?idiom=es

TL, Swan T, Byrne J, Lacalamita M, Dunlop A, Matthews GV, Powis J, Shaw D, Thurnheer
MC, Weltman M, Kronborg I, Cooper C, Feld JJ, Fraser C, Dillon JF, Read P, Gane E,
Dore GJ. Sofosbuvir and velpatasvir for hepatitis C virus infection in people with recent
injection drug use (SIMPLIFY): an open-label, single-arm, phase 4, multicentre trial. The
lancet Gastroenterology & hepatology. 2018;3(3):153-61.

102. Cornish R, Macleod J, Strang J, Vickerman P, Hickman M. Risk of death during
and after opiate substitution treatment in primary care: prospective observational study in
UK General Practice Research Database. Bmj. 2010;341:c5475.

103. Martin NK, Vickerman P, Dore GJ, Grebely J, Miners A, Cairns J, Foster GR,
Hutchinson SJ, Goldberg DJ, Martin TCS, Ramsay M, Hickman M. Prioritization of HCV
treatment in the direct-acting antiviral era: An economic evaluation. J Hepatol.
2016;65(1):17-25.

104. Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y. Eradication of
hepatitis C virus infection and the development of hepatocellular carcinoma: a meta-
analysis of observational studies. Annals of internal medicine. 2013;158(5 Pt 1):329-37.

105. Arredondo J, Beletsky L, Baker P, Abramovitz D, Artamonova |, Clairgue E,
Morales M, Mittal ML, Rocha-Jimenez T, Kerr T, Banuelos A, Strathdee SA, Cepeda J.
Interactive Versus Video-Based Training of Police to Communicate Syringe Legality to
People Who Inject Drugs: The SHIELD Study, Mexico, 2015-2016. American journal of
public health. 2019;109(6):921-6.

106. Murray CJ. Quantifying the burden of disease: the technical basis for disability-
adjusted life years. Bull World Health Organ. 1994;72(3):429-45.

107. McDonald SA, Dahlui M, Mohamed R, Naning H, Shabaruddin FH, Kamarulzaman
A. Projections of the current and future disease burden of hepatitis C virus infection in
Malaysia. PloS one. 2015;10(6):e0128091.

108. Cepeda JA, Bérquez A, Magana C, Vo A, Rafful C, Rangel G, Medina-Mora ME,
Strathdee S, Martin NK. Modelling integrated antiretroviral treatment and harm reduction
services on HIV and overdose among people who inject drugs in Tijuana, Mexico. Journal
of the International AIDS Society. 2020;23(S1):e25493.

109. Salomon JA, Haagsma JA, Davis A, de Noordhout CM, Polinder S, Havelaar AH,
Cassini A, Devleesschauwer B, Kretzschmar M, Speybroeck N, Murray CJ, Vos T.
Disability weights for the Global Burden of Disease 2013 study. The Lancet Global health.
2015;3(11):e712-23.

161



110. Figueroa A. Observatorio Estatal de las Adicciones 2017: prevalencia en el
consumo de drogas, alcohol y tabaco en poblacién abierta en el Estado de Baja California
Mexicali, B.C.: Instituto de Psiquatria del Estado de Baja California (IPEBC); 2017.

111. Rhodes T. Risk environments and drug harms: a social science for harm reduction
approach. The International journal on drug policy. 2009;20(3):193-201.

112. Hernan MA RJ. Causal Inference. Boca Raton: Chapman & Hall/CRC,
Forthcoming; 2018.

113. Hernan MA. Methods of Public Health Research - Strengthening Causal Inference
from Observational Data. N Engl J Med. 2021;385(15):1345-8.

114. van Buuren S. Flexible Imputation of Missing Data. Second ed: Chapman and
Hall/CRC; 2018 July 16, 2018.

115. Kim MY, Cho MY, Baik SK, Park HJ, Jeon HK, Im CK, Won CS, Kim JW, Kim HS,
Kwon SO, Eom MS, Cha SH, Kim YJ, Chang SJ, Lee SS. Histological subclassification
of cirrhosis using the Laennec fibrosis scoring system correlates with clinical stage and
grade of portal hypertension. J Hepatol. 2011;55(5):1004-9.

116. Williamson T, Eliasziw M, Fick GH. Log-binomial models: exploring failed
convergence. Emerging Themes in Epidemiology. 2013;10(1):14.

117. van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate Imputation by Chained
Equations in R. Journal of Statistical Software. 2011;45(3):1 - 67.

118. Nosyk B, Marsh DC, Sun H, Schechter MT, Anis AH. Trends in methadone
maintenance treatment participation, retention, and compliance to dosing guidelines in
British Columbia, Canada: 1996-2006. Journal of substance abuse treatment.
2010;39(1):22-31.

162



	DEDICATION
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ABBREVIATIONS
	ACKNOWLEDGEMENTS
	VITA
	ABSTRACT OF THE DISSERTATION
	Chapter 1. Introduction
	Overview
	Background
	Police encounters, incarceration, and PWID health
	Injecting drug use and PWID health in Tijuana, Mexico
	Public health oriented drug law reform and police education programs in Mexico
	Mexico HCV elimination goals

	Theoretical Framework

	Chapter 2. Impact of cumulative incarceration and the post-release period on syringe sharing among people who inject drugs in Tijuana, Mexico: A longitudinal analysis
	Abstract
	Introduction
	Methods
	Study Sample
	Measures
	Data analysis
	Treatment of missing data

	Results
	Missing data over follow-up
	Baseline characteristics
	Incarceration events over follow-up
	Univariable analysis
	Cumulative incarceration and receptive syringe sharing
	Post-release period and receptive syringe sharing

	Discussion
	Limitations

	Acknowledgements
	Tables

	Chapter 3. Modelling the contribution of incarceration and public health oriented drug law reform to HCV transmission and elimination among PWID in Tijuana, Mexico
	Abstract
	Introduction
	Methods
	Model description
	Model parameters
	Model calibration
	Model analyses and scenarios
	Sensitivity analyses

	Results
	Status quo model projections
	10-year PAF of incarceration to HCV transmission among PWID in Tijuana (2022 to 2032)
	10-year impact of decriminalization reforms on HCV incidence (2022-2032)
	Achieving an 80% incidence reduction among PWID in Tijuana by 2030
	Sensitivity analysis

	Discussion
	Comparison with existing studies
	Implications
	Strengths and limitations
	Conclusion

	Acknowledgements
	Tables and Figures

	Chapter 4. Estimating the impact of a police education program on hepatitis C virus (HCV) transmission and disease burden among PWID in Tijuana, Mexico: A dynamic modeling analysis
	Abstract
	Introduction
	Methods
	Model description
	Model parameters
	Statistical analyses
	Model calibration
	Model analyses and scenarios
	Model outcomes
	Sensitivity analyses

	Results
	Status quo model projections
	Impact of a two-year implementation of the Escudo program on HCV incidence and disease burden
	Impact of a ten-year implementation of the Escudo program on HCV incidence and disease burden
	Sensitivity analysis

	Discussion
	Implications
	Strengths and limitations
	Conclusion

	Acknowledgements
	Tables and Figures

	Chapter 5. Discussion
	Summary of key findings
	Contribution to research and policy implications
	Limitations
	Future Directions
	Conclusion

	Appendix A. Supplementary materials to Chapter 2
	Appendix B. Supplementary materials to Chapter 3
	Appendix C. Supplementary materials to Chapter 4
	References



