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Background. The cascade of care, commonly used to assess HIV and hepatitis C (HCV) health service delivery, has limitations
in capturing the complexity of individuals’ engagement patterns. This study examines the dynamic nature of engagement and
mortality trajectories among people with HIV and HCV.

Methods. We used data from the Canadian HIV-HCV Co-Infection Cohort, which prospectively follows 2098 participants
from 18 centers biannually. Markov multistate models were used to evaluate sociodemographic and clinical factors associated
with transitioning between the following states: (1) lost-to-follow-up (LTFU), defined as no visit for 18 months; (2) reengaged
(reentry into cohort after being LTFU); (3) withdrawn from the study (ie, moved); (4) death; otherwise remained (5) engaged-
in-care.

Results. A total of 1809 participants met the eligibility criteria and contributed 12 591 person-years from 2003 to 2022. LTFU
was common, with 46% experiencing at least 1 episode, of whom only 57% reengaged. One in 5 (n = 383) participants died during
the study. Participants who transitioned to LTFU were twice as likely to die as those who were consistently engaged. Factors
associated with transitioning to LTFU included detectable HCV RNA (adjusted hazards ratio [aHR], 1.37; 95% confidence
interval [CI], 1.13-1.67), evidence of HCV treatment but no sustained virologic response result (aHR, 1.99; 95% CI, 1.56-2.53),
and recent incarceration (aHR, 1.94; 95% CI, 1.58-2.40). Being Indigenous was a significant predictor of death across all

engagement trajectories.
Interpretation.

Disengagement from clinical care was common and resulted in higher death rates. People LTFU were more

likely to require HCV treatment highlighting a priority population for elimination strategies.
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Hepatitis C (HCV) coinfection is estimated to occur in 20% to
30% of Canadians with HIV [1] and 50% to 90% of people
with HIV (PWH) who inject drugs [2]. The social determinants
of health associated with injection drug use include a history of
trauma, low income/levels of education, transactional sex, food/
housing insecurity, and incarceration [3]. In Canada, Indigenous
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peoples experience a disproportional burden of substance abuse
and account for 70% to 80% of new HCV infections among peo-
ple who inject drugs (PWID) [3]. And in 2020, 25% of all new
HIV infections in Canada were among females [4]. The inter-
twined challenges of HIV, HCV, and injection drug use form a
syndemic, exacerbating the clinical outcomes of each condition,
widening health disparities and social vulnerabilities [5].

The cascade of care, also known as the care continuum,
is used to evaluate the effectiveness of HIV and HCV health
service delivery. This point-in-time assessment helps policy-
makers and health care providers identify areas for improve-
ment by pinpointing gaps in prevention and treatment
services. Although conceptually straightforward and helpful
when comparing subpopulations or geographical regions, this
framework falls short in capturing the complexity and longitu-
dinal nature of individuals’ engagement patterns [6]. This is be-
cause the transitions between each step of the care cascade are
not always linear; instead, often follow a dynamic and cyclical
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process [7, 8]. Moreover, “losses” at each step of the cascade
include intermittent or permanent reasons (ie, mortality), rep-
resenting a distinct phenotype of disengagement from clinical
care [9]. Other methodological challenges associated with
the cascade of care include incomplete data or gaps between
visits and inconsistent definitions for metrics such as disen-
gagement [10].

A longitudinal focus on the care continuum may be especially
important for PWH and HCV as they follow 2 nested cascades of
care. HIV care requires lifetime engagement to maintain sus-
tained HIV viral suppression [11, 12], whereas the HCV cascade
of care rarely incorporates steps beyond sustained virologic re-
sponse (SVR) (or HCV cure), even though reinfection remains
arisk [13]. As countries strive to reach HCV elimination targets
set by the World Health Organization [14], it is becoming in-
creasingly evident that elimination efforts will be impeded by pa-
tients being lost from care before HCV treatment initiation or
when SVR is determined [15-17]. And for the populations treat-
ed and cured, sustained engagement in care will remain essential
to achieve optimal long-term health outcomes [18, 19]. Although
many studies have described the cascade of HIV or HCV care,
few have taken a comprehensive approach by focusing on reten-
tion patterns over time for those living with both viruses. This
study aims to contribute to understanding longitudinal care en-
gagement and mortality trajectories among PWH and HCV.
Using an advanced analytical approach and individual-level lon-
gitudinal data, we explore the dynamic nature of care engage-
ment and evaluate sociodemographic and clinical factors
associated with transitioning in and out of clinical care and to
death.

METHODS

Population and Setting

We analyzed data from the Canadian Co-infection Cohort Study
(CCC), a prospective cohort of PWH with evidence of HCV in-
fection recruited from 18 HIV centers across Canada; details on
recruitment and procedures have been published elsewhere [20].
Briefly, recruitment centers are in both large urban and smaller
cities to include individuals who access various models of care
(ie, outreach programs) and have diverse risk profiles (ie, active
and former PWID, men who have sex with men [MSM], women,
and Indigenous populations) representative of the coinfected
population in care in Canada. Since April 2003, participants
have consented to complete a detailed questionnaire and labora-
tory assessments every 6 months. Cohort visits were designed to
be paired with routine clinical follow-up, mirroring routine stan-
dards of care across Canada. Study coordinators also conduct a
standardized chart review to collect data on medical conditions,
health care services, and medications. Annually, data are linked
to vital registries to obtain information on deaths for all cohort
participants known to have died or those lost to follow-up. To

date, it is estimated that the CCC has enrolled ~23% of the total
HIV coinfected population in care in Canada.

Patient Consent Statement

All participants provided written informed consent, and the
cohort study (CCC) was approved by all institutional ethics
boards of the participating institutions and the community
advisory committee of the Canadian HIV Trials Network.
This analysis was approved by the research ethics board at
Queen’s University (REB #6037697).

Eligibility
CCC participants who completed a baseline visit, followed by
at least 1 follow-up visit within 18 months, were considered
engaged in care and included in this analysis.

Outcomes

After meeting the eligibility criteria, participants could remain
“engaged-in-care”; defined as maintaining cohort visits within
18 months until administrative censoring (1 October 2022) or
participants could transition to 4 mutually exclusive states (1)
“lost to follow-up” (LTFU); defined as a gap in visits of greater
than 18 months, not as a result of death or withdrawing from
the study (2) “reengaged in care”; defined as returning to care
after transitioning to at least 1 episode of LTFU returning to
care, (3) “withdrawal”; defined as intentionally leaving the co-
hort for any reason (ie, withdrawing consent to participate in
the study or moving, which included transferring medical
care to another clinic or moving to another city), or (4) “death.”
The reasons for withdrawal were documented. The date and
cause of death were confirmed for all CCC participants pre-
sumed to have died or were considered lost from clinical care
by linking to provincial vial registries and reviewing corners re-
ports. For all identified deaths, standardized case report forms
were used to accurately describe the causes of death based
on the Coding of Cause of Death in HIV Protocol [21].
Sensitivity analyses were also conducted to evaluate the varying
definitions of LTFU at 9-, 12-, or 24-month intervals.

Covariates

A priori, we chose the following covariates to include in
multivariate models. Sociodemographic and key population
factors: age (continuous measure by 10-year intervals), self-
identification of Indigenous status, biological sex, MSM, in-
come (<$18 000 CAD per year) (time updated), PWID defined
as injecting drugs in the last six months (time updated), and in-
carceration in the past 6 months (time updated). Clinical vari-
ables (all time updated) included advanced liver disease
(measured as an AST to platelet ratio index score > 1.5), unde-
tectable HIV RNA (<50 copies/mL), CD4 cell count (continu-
ous measure by 100 cells/mm’), HCV RNA or missing results,
diagnosis of sexually transmitted infection, HCV treatment
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status categorized as treated and achieved SVR, treated but un-
known SVR results, failed treatment or never treated. Calendar
time was also included to reflect changes in clinical care and
treatments over time.

Statistical Analysis

Incidence rates between transition states were reported as
events per 100 person-years (py) at risk. Markov multistate
models were used to model multiple transition states simulta-
neously [22]. This approach extends beyond traditional survival
models as it adequately accounts for the competing risks to other
states. The data set was formulated to consider all possible tran-
sitions a participant was at risk for any of the 5 outcomes. By cen-
soring participants for all possible transitions that were not
observed at the event time of the observed transition, we ac-
counted for competing risks. Information loss is minimized by
choosing not to discretize time, and transitions are recorded at
observed event times. Multistate models also sufficiently accom-
modate censoring and time-varying covariates. Models assume a
form identical to Cox proportional hazards models, with a base-
line intensity function and multiplicative covariate effects.
Exponentiated regression coefficients yield intensity ratio or
hazard ratio interpretations. Missing data were imputed using
multiple imputations by chained equations by classification re-
gression trees (to account for categorical/continuous variables).
Nonlinear trends in transition intensity were identified over
the follow-up time. Calendar year was modeled as a nonlinear
function by a penalized smoothing spline with evenly spaced ba-
sis functions (Supplementary Figure 1). A frailty term (random
effect) was included in our model to account for the variability
in clinical care for each center (n = 18). All analysis was conduct-
ed using R.

RESULTS

Of 2098 CCC participants enrolled between April 2003 and
October 2022, 1809 met our eligibility criteria and contributed
12591 py. At baseline (Table 1), the median age was aged 45
years, 419 (23%) identified as MSM, 1483 (82%) reported past in-
jection drug use, 542 (30%) were active PWID, 449 (25%) as
Indigenous, and 514 (28%) as women. Clinically, 1167 (65%)
of the cohort had a suppressed HIV viral load with a median
CD4 cell count of 418 cells/mm’ 316 (17%) reported past
HCV treatment; 203 (11%) had advanced liver fibrosis, and 91
(5%) had a recent diagnosis of a sexually transmitted infection.

LTFU was common in the study population; 831 (46%) par-
ticipants had 1 LTFU episode, 296 (16%) had 2 episodes, 85
(5%) had 3 episodes, 13 (<1%) had 4, and 1 had 5 episodes
of being LTFU. Of the 1226 LTFU events, 697 (57%) reen-
gaged. Figure 1 illustrates incidence rates of transitioning be-
tween five transition states per 100 py at risk; similar trends
in the results were observed using alternative definitions of

Table 1. Baseline Characteristics of the CCC Participants Between 2003
and 2022
Total = 1809
N (%)
Sex Male 1275 (70.5)
Female 514 (28.4)
Trans 13(0.7)
Missing 7 (0.4)
Age, y Mean (SD) 44.8(9.4)
Missing 1(0.1)
Province British Columbia 545 (30.1)
Alberta 44 (2.4)
Saskatchewan 215(11.9)
Ontario 419 (23.2)
Quebec 586 (32.4)
Indigenous Yes 449 (24.8)
Missing 94 (5.2)
Men who have sex with men Yes 419 (23.2)
Missing 15(0.8)
People who inject drugs in the Yes 542 (30)
past 6 mo
Missing 8(0.4)
Low income (<$1500/mo) Yes 1368 (75.6)
Missing 26 (1.4)
Incarceration (in the past 6 mo) Yes 210 (11.5)
Missing 195 (10.8)
HIV viral load undetectable (<50 Yes 1167 (65)
copies)
Missing 90 (5)
CD4 cell count (cells/mm?) Mean (SD) 457 (279)
Missing 36 (2.0)
STI (diagnosis in past 6 mo) Yes 91 (5)
Missing 138 (7.6)
Advanced fibrosis (APRI >1.5) Yes 203 (11.2)
Missing 531 (29.4)
HCV RNA (detectable) Yes 1194 (66)
Missing/not done 441 (24.4)
HCV treatment Sustained virologic 120 (6.6)
response
Failed treatment 45 (2.5)
Missing treatment 151 (8.3)
results
Not treated 1493 (82.5)
Year of entry into cohort 2003-2007 127 (7)
2007-2014 731 (40.4)
2014-2020 863 (47.7)
2020-2022 88 (4.9)

Abbreviations: APRI, AST to platelet ratio index; CCC, Canadian Co-infection Cohort Study;
HCV, hepatitis C virus; SD, standard deviation; STI, sexually transmitted infection.

LTFU (Supplementary Table 1). There was significant move-
ment in and out of care; 13 events per 100 py transitioning
from engaged to LTFU, 73 events per 100 py from LTFU to
reengaged, and 29 per 100 py from reengaged to LTFU.
Participants were more likely to withdraw from the cohort
from the LTFU state (5 per 100 py) compared to those engaged
(1 per 100 py) or reengaged (2 per 100 py). The most common
reason for withdrawing was moving (Supplementary Table 2).
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Incidence rates (events per 100 person-years [py]. Red arrows represent negative transitions to death or lost-to-follow-up [LTFU]), positive transitions include

remaining engaged or re-engaging in care (green arrows). Engaged is defined as maintaining cohort visits within 18 months until administrative censoring. LTFU is defined as
agap in visits of longer than 18 months, not because of death or withdrawal from the study. Reengaged is defined as returning to care after transitioning to at least 1 episode
of LTFU returning to care. Withdrawn is defined as intentionally leaving the cohort for any reason (ie, withdrawing consent to participate in the study, changing providers or

moving to another city).

Table 2. Causes of Death From Each Transition State

Engaged to Death  LTFU to Death  Reengage to Death

(Total = 233) (Total = 69) (Total =81)
n (%) n (%) n (%)
Overdose 42 (19) 8(12) 14 (17)
Infections 37 (16) 12(17) 4 (5)
ESLD (in. HCC) 29 (12) 8(12) 10(12)
Cancer 23 (10) 5(7) 8(10)
CVD 20 (9) 2(3) 9(11)
Trauma/suicide 13 (6) 1(1) 4 (5)
Pulmonary 7 (3) 1(1) 1(1)
HIV/AIDS 7 (3) 5(7) 0
Other 3(1) 2 (3) 4 (5)
Unknown 49 (21) 25 (35) 26 (32)

Abbreviations: CVD, cardiovascular disease; ESLD, end-stage liver disease; HCC,
hepatocellular carcinoma; LTFU, Lost to follow up.

Remaining consistently engaged in care was not common
(3 per 100 py).

One in 5 participants (n = 383) died during the study period.
Death was twice as likely after transitioning through LTFU as
those who remained engaged in care (5 compared to 2 events
per 100 py) (Figure 1). Despite linkage with provincial registries
and other attempts to determine the cause, 1 in 4 participants had
unknown causes of death (Table 2). For those in care until death,
overdose (18%), infections other than HIV (16%), and end-stage
liver disease (ESLD) (12%) were the most common causes of
death. Among people who were LTFU and then determined to
have died, 36% had unknown causes of death, and the most com-
monly known cause were infections (17%), followed by overdose
(12%) and ESLD (12%). Among the participants that transitioned
from reengaged to death, unknown causes of death remained
high (32%), followed by overdose (17%) and ESLD (12%).

Transitioning to LTFU

Factors associated with increased risk of transition from engaged to
first LTFU episode were having a detectable HCV RNA (adjusted
hazard ratio [aHR], 1.37; 95% confidence interval [CI], 1.13-1.67),
no previous history of HCV treatment (aHR, 1.29; 95% CI, 1.09-
1.52), evidence of HCV treatment but no SVR results (aHR,
1.99; 95% CI, 1.56-2.53), and recent incarceration (aHR, 1.94;
95% CI, 1.58-2.40) (Table 3). Although older age (0.76; 95% CI,
.71-.81) and significant liver fibrosis (0.76; 95% CI, .63-.91) de-
creased the risk of transitioning from engaged to LTFU. Similar
trends persisted among people who were LTFU multiple times
(transitioned from reengaged in care to LTFU), in addition to be-
ing Indigenous, which increased the risk of being LTFU after being
reengaged (aHR, 1.88; 95% CI, 1.49-2.40) (Table 2).

Transitioning to reengaged

Being Indigenous (aHR, 1.28; 95% CI, 1.04-1.59) and not hav-
ing an HCV RNA test result (aHR, 1.45; 95% CI, 1.17-1.79)
were positive indicators of reengagement. In contrast, partici-
pants that were older age (aHR, 0.86; 95% CI, .79-.94), had
no history of HCV treatment (aHR, 0.63; 95% CI, .52-.77), or
previously failed HCV treatments (aHR, 0.58; 95% CI,
.41-.83) were less likely to reengage after being LTFU (Table 3).

Transitioning to Death

Participants could transition to the death state from 3 states: en-
gaged, LTFU, or reengaged (Table 4). Consistently across each
transition trajectory, being Indigenous was a significant predictor
of death (aHR, 1.93;95% CI, 1.32-2.83; aHR, 2.61; 95% CI, 1.33-
5.10;and aHR, 2.38; 95% CI, 1.23-4.60) for each state, respective-
ly. Low income was also a risk factor for death from the engaged
state (aHR, 1.41; 95% CI, 1.00-1.99) and reengaged states (aHR,
1.83; 95% CI, .98-3.43). Of note, advanced liver disease (aHR,
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Table 3. Multistate Models Evaluating Factors Associated With LTFU and Reengagement

Engaged to LTFU

Reengaged to LTFU

LTFU to Reengaged

Age (per 10y)
Indigenous
Sex (ref: male)
Female
Men who have sex with men (ref: Men)
Income (<$1500/m) (ref: >$1500/m)
PWID
Incarceration
HCV RNA (ref: undetectable)
HCV RNA (detectable)
HCV RNA (not done)
HIV viral load (<50 copies/mL) (ref: > 50)
CD4 (per 100 cells/mm?)
Significant liver fibrosis (APRI >1.5)
STI
HCV Treatment (ref: SVR)
Treated but unknown SVR result
No history of treatment
Failed

0.76 (95% Cl, .71-.81)
1.09 (95% Cl, .91-1.29)

0.99 (95% ClI, .85-1.15)
1.14 (95% Cl, .96-1.34)
1.02 (95% Cl, .89-1.17)
1.09 (95% Cl, .95-1.26)
1.94 (95% Cl, 1.58-2.40)

1.37 (95% Cl, 1.13-1.67)
0.97 (95% ClI, .80-1.16)
1.02 (95% Cl, .88-1.17)
0.99 (95% Cl, .98-1.01)
0.76 (95% Cl, .63-0.91)
1.00 (95% Cl, .76-1.32)

1.99 (95% Cl, 1.58-2.40)
1.29 (95% Cl, 1.09-1.52)
0.83 (95% Cl, .61-1.13)

0.81 (95% Cl, .72-.9)
1.88 (95% Cl, 1.49-2.4)

0.97 (95% Cl, .78-1.2)
1.11 (95% Cl, .86-1.4)
0.97 (95% Cl, .79-1.2)
0.92 (95% Cl, .74-1.10)
1.45 (95% Cl, .98-2.1)

0.99 (95% Cl, .73-1.3)
1.04 (95% ClI, .80-1.4)
0.83 (95% Cl, .66-1.0)
1.05 (95% Cl, 1.02-1.1)
1.24 (95% ClI, .91-1.7)
0.76 (95% Cl, .45-1.3)

1.80 (95% Cl ,1.23-2.6)
1.38 (95% Cl, 1.11-1.7)
0.92 (95% Cl, .61-1.4)

0.86 (95% Cl, .79-.94)
1.28 (95% Cl, 1.04-1.59)

0.87 (95% Cl, .73-1.04)
1.01(95% Cl, .82-1.23)
0.84 (95% Cl, .72-.99)

1.10 (95% Cl, .94-1.30)
0.90 (95% Cl, .69-1.19)

1.19 (95% Cl, .94-1.50)
1.45 (95% Cl, 1.17-1.79)
0.98 (95% Cl, .83-1.17)
1.04 (95% Cl, 1.01-1.06)
0.88 (95% Cl, .71-1.09)
1.20 (95% ClI, .85-1.68)

1.03 (95% Cl, .77-1.37)
0.63 (95% Cl, .52-.77)
0.58 (95% Cl, .41-.83)

Bold results indicate clinical or statisitcal significant results. Abbreviations: APRI, AST to platelet ratio index; Cl, confidence interval; HCV, hepatitis C virus; LTFU, lost to follow-up; SVR,

sustained virologic response. Results are adjusted hazards ratio, (95% confidence interval (Cl)).

Table 4. Multistate Models Evaluating Factors Associated With Death

Engaged to Death

LTFU to Death

Reengaged to Death

Age
Indigenous
Sex (ref: male)
Female
Men who have sex with men (ref: men)
Income (<$1500/m)
(ref: >$1500/m)
PWID
Incarceration
HCV RNA (ref: undetectable)
HCV RNA (detectable)
HCV RNA (not done)
STI
HIV viral load (<50 copies/mL) (ref: > 50)
CD4 (per 100 cells/mm?)
Significant liver fibrosis
HCV treatment (ref: SVR)
Treated but unknown SVR result
No history of treatment
Failed

1.44 (95% Cl, 1.22-1.71)
1.93 (95% Cl, 1.32-2.83)

0.86 (95% ClI, .62-1.21)
0.74 (95% Cl, .50-1.08)
1.41 (95% Cl, 1.00-1.99)

1.26 (95% Cl, .92-1.74)
0.66 (95% Cl, .35-1.24)

1.03 (95% Cl, .65-1.65)
1.24 (95% Cl, .80-1.92)
1.31 (95% Cl, .65-2.61)
1.06 (95% Cl, .77-1.46)
0.91 (95% Cl, .86-.97)
1.62 (95% Cl, 1.17-2.24)

1.57 (95% Cl, .80-3.10)
1.21 (95% Cl, .82-1.79)
0.64 (95% Cl, .33-1.23)

0.95 (95% Cl, .70-1.28)
2.61 (95% Cl, 1.33-5.10)

1.20 (95% ClI, .69-2.09)
0.92 (95% Cl, .39-2.19)
1.24 (95% ClI, .656-2.37)

0.64 (95% Cl, .36-1.14)
1.43 (95% ClI, .53-3.86)

1.37 (95% Cl, .53-3.58)
1.58 (95% Cl, .63-3.99)
0.28 (95% Cl, .04-2.13)
0.51 (95% Cl, .29-.89)

0.94 (95% Cl, .86-1.03)
0.96 (95% Cl, .48-1.94)

0.50 (95% Cl, .06-4.06)
1.94 (95% Cl, .90-4.22)
2.16 (95% Cl, .67-6.96)

1.12 (95% Cl, .83-1.50)
2.38 (95% Cl, 1.23-4.60)

0.56 (95% Cl, .31-1.01)
0.45 (95% Cl, .20-1.03)
1.93 (95% Cl, .98-3.43)

1.24 (95% Cl, .75-2.03)
0.70 (95% Cl, .26-1.92)

1.35 (95% Cl, .65-2.80)
0.78 (95% Cl, .39-1.59)
0.40 (95% Cl, .05-2.95)
0.79 (95% Cl, .46-1.37)
0.87 (95% Cl, .79-.96)

1.66 (95% Cl, .92-3.00)

2.85 (95% Cl, 1.10-7.39)
1.29 (95% ClI, .70-2.38)
0.94 (95% Cl, .36-2.42)

Bold results indicate clinical or statisitcal significant results. Abbreviations: Cl, confidence interval; HCV, hepatitis C virus; PWID, people who inject drugs; STI, sexually transmitted disease;
SVR, sustained virologic response. Results are adjusted hazards ratio, (95% confidence interval (Cl)).

1.62;95% CI, 1.17-2.24) and older age (aHR, 1.44; 95% CI, 1.22-
1.71) were the only factors associated with death for people tran-
sitioning from the engaged state. Undetectable HIV viral load had
a protective effect (aHR, 0.51; 95% CI, .29-.89), whereas in con-
trast, no history of HCV treatment (aHR, 1.94; 95% CI, .90-4.22)
increased the risk of death among those transitioning from being
LTFU. Among those reengaged, a history of HCV treatment but

no SVR result was associated with an increased risk of death
(aHR, 2.85; 95% CI, 1.10-7.30).

DISCUSSION

Despite universal healthcare access, we observed frequent and
differential churn in and out of care among PWH and HCV.
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These findings highlight the common occurrence of LTFU and
mortality in this population, revealing how traditional care cas-
cades are limited and may not accurately reflect critical mile-
stones. To address this issue, we used longitudinal methods
to study patients’ trajectories and found several underlying fac-
tors associated with our transition states. Notably, recent incar-
ceration and requiring HCV treatment emerged as significant
factors. Even among individuals who initiated HCV treatment,
a substantial number of participants disengaged from care after
initiating HCV treatment but before their final SVR results
were known. Moreover, people requiring HCV treatment
were less likely to reengage in care. To meet World Health
Organization elimination targets, interventions must be de-
signed to reengage and treat patients for HCV. This longitudi-
nal approach identified opportunities to intervene and
reinforce sustained engagement in care, which was also found
to have significant clinical implications because participants
who experienced LTFU events were twice as likely to die com-
pared to those who remained consistently engaged in care.
Disturbingly, our findings exposed that regardless of the tran-
sition state, Indigenous people were more likely to die, which
suggests the possible role of structural racism and the deeply
rooted inequities faced by Indigenous communities in
Canada even after engaging in clinical care.

LTFU affects each step of the care cascade, ultimately pre-
venting patients from achieving and maintaining successful
treatment outcomes and increasing the risks of morbidity
and mortality [23]. This study is the first to employ multistate
modeling to analyze engagement patterns among people with
HIV and HCV, focusing on LTFU and mortality trajectories.
Multistate models have been used to evaluate disease progres-
sion among people with HCV but not to examine care patterns.
Several studies have explored the dynamic nature of HIV care
using multistate models. For example, similar to the result of
our study, Gillis and colleagues reported that PWID, younger
age, females, and Indigenous people in Canada were more
likely to transition to suboptimal care and had a decreased like-
lihood of transitioning back to optimal care [24]. Researchers
from the Ontario HIV Trials Network took a nuanced
approach using multistate models to evaluate various states
of antiretroviral adherence. They found that stress and nonad-
herence were associated with transitions to less favorable states
of care [25]. Using data from the Center for AIDS Research
Network of Integrated Systems cohort, researchers used multi-
state models to evaluate the cyclical nature of (dis)engagement
and reentry into HIV care of 31 009 patients enrolled in the
United States from 1996 to 2014. They found that specific
time points in the care continuum were associated with an el-
evated risk of transitioning out of care [10]. Together, these
studies underline how multistate modeling can be used to eval-
uate the cyclical nature of individual patients compared to the
traditional cascade of care.

Although the baseline median age of this cohort was only
aged 45 years, 21% died during the follow-up period. We found
differential death rates based on the care trajectory, but the
known causes of death were relatively similar across the trajec-
tories. Preventable deaths as a result of injection drug use (over-
doses and infections) and ESLD (avoidable with timely HCV
treatment) were the most common causes of death across all
transition states. This finding is consistent with a recent study
by Hamill and colleagues that evaluated mortality rates among
21790 patients from 3 high-income countries successfully
treated for HCV treatment and found drug- and liver-related
causes were the main drivers of excess mortality [26]. The au-
thors highlight the need for continued support and follow-up
even after successful treatment to maximize the impact of
HCYV viral suppression. Similarly, our study highlights the im-
portance of harm-reduction interventions in conjunction with
optimal clinical care.

These findings also contribute to our previous body of evi-
dence revealing health service and death inequities, particularly
among incarcerated [27] and Indigenous populations [16, 28, 29].
The entrenched historical and ongoing discrimination against
Indigenous peoples of Canada functions as a pervasive barrier
to sustained engagement in the HIV and HCV care cascades
[30, 31], ultimately leading to negative long-term health
outcomes [32]. Driven by historical and ongoing systems of
oppression and White supremacy, systemic discrimination
against Indigenous peoples is unfortunately embedded in the
Canadian healthcare system [33]. These barriers to care are per-
vasive within the Canadian healthcare system, including HIV
and HCV care. A systematic review by Jongbloed and col-
leagues highlights the impact of historical, intergenerational,
and lifetime trauma—including the lasting effects of residential
schools, forced assimilation, and poverty—on engagement in
care and, consequently, the achievement of viral suppression
among Indigenous peoples with HIV in Canada, Australia,
New Zealand, and the United States [30]. Our study found
that Indigenous people were twice as likely to transition to
death as non-Indigenous participants regardless of engagement
patterns while controlling for other sociodemographic and
clinical factors highlighting that structural racism persists.

Strengths of our study include a representative cohort
of people living with HIV-HCV across Canada, set in a univer-
sal health care setting. The richness of the sociodemographic
variables collected routinely by this cohort allows for the eval-
uation of ethnicity, income, injection drug use and incarcera-
tion, which is not readily available using administrative data.
Although the cascade of care is a valuable framework for mon-
itoring and improving healthcare outcomes, particularly in
chronic diseases, it is important to acknowledge its limitations.
Data availability and quality, lack of standardized definitions
and metrics, and limited focus on upstream factors are among

the critical challenges associated with the cascade of care.
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Upstream factors include housing, food insecurity, mental
health, intensity of substance use, social support, and experiences
of stigma and discrimination. Because these experiences are not
discrete, an intersectionality approach may be needed to com-
prehensively evaluate the role of social determinants of health
on the cascade of care. Contextual variations across populations
and healthcare systems further complicate the applicability of the
cascade. Our study uses a multistate framework to address many
of the challenges of traditional cascades of care. Our model han-
dled competing risks, incorporated sociodemographic covariates
in addition to clinical factors, and integrated flexible calendar
time to reflect changes in treatment and care over time.

Our study also has limitations. We used data from a prospec-
tive clinical cohort; although participants are recruited and ex-
pected to attend clinical visits concurrently, they may have
attended clinic visits without a record of a cohort visit or vice
versa. To mitigate the potential of missed clinical visits, we
used a conservative definition of LTFU (>18 months between
visits) and conducted a sensitivity analysis to evaluate varying
definitions. On the other hand, participants of this cohort do
receive a small incentive ($15-$20 CAD) to compensate for
their time while completing a research visit. This incentive
may have encouraged attendance to routine clinic visits, result-
ing in our LTFU rate being underestimated. Future studies will
link the cohort participants to administrative databases to eval-
uate all encounters with the healthcare systems regardless of
study participation. Our conservative definition of LTFU also
accounts for interruptions in care during the beginning of the
COVID-19 pandemic. As more follow-up data are collected,
future studies will evaluate the specific effect of the pandemic
on our outcomes of interest. Our model assumes that the prob-
ability of transitioning to a new state is not conditional on the
history; we are currently exploring alternative methods for par-
ticipants experiencing more than 2 LTFU events. Finally, our
study focuses on a population of patients already engaged in
clinical care; therefore, it is only generalizable to patients diag-
nosed and linked to clinical care.

In conclusion, this study provides valuable insights into the
patterns of disengagement and mortality among individuals co-
infected with HIV and HCV. The frequent transitions between
different states of care engagement and the substantial mortal-
ity rate emphasize the need for targeted interventions that tack-
le disruptions in care. It is essential to acknowledge and actively
work to dismantle the structural racism within our healthcare
system and increase harm reduction to mitigate preventable
deaths and ensure equitable outcomes for all populations.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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