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Hepatitis C virus (HCV) infection remains an important public 
health problem in Canada, causing more years of life lost than any 
other infectious disease.1 Direct-acting antiviral (DAA) regimens 
have revolutionized the treatment of HCV infection, offering the 
opportunity for cure before advanced liver disease develops.2

The historical and ongoing effects of colonialism and conse-
quent intergenerational trauma have led to high rates of mental 
illness and substance use among First Nations peoples, one of 

the 3 main Indigenous groups in Canada (along with Inuit and 
Métis peoples), resulting in a disproportionate impact of HCV.3 
Both the prevalence and incidence of diagnosed HCV infection 
roughly doubled from 2006 to 2014 among Status First Nations 
peoples in Ontario.4,5

The cascade of care framework describes population-level 
engagement in progressive stages of care, allowing for the evalu-
ation and monitoring of health care delivery and engagement 
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Abstract
Background: As First Nations Peoples 
are a priority focus of Canada’s com-
mitment to eliminating hepatitis C 
virus (HCV) as a public health threat, 
understanding individuals’ progression 
from diagnosis to cure can guide priori-
tization of elimination efforts. We 
sought to characterize and identify 
gaps in the HCV care cascade for Status 
First Nations peoples in Ontario.

Methods: In this retrospective cohort 
study, a partnership between the Ontario 
First Nations HIV/AIDS Education Circle 
and academic researchers, HCV testing 
records (1999–2018) for Status First 
Nations peoples in Ontario were linked 
to health administrative data. We 
defined the cascade of care as 6 stages, 
as follows: tested positive for HCV anti-
body, tested for HCV RNA, tested positive 
for HCV RNA, HCV genotyped, initiated 
treatment and achieved sustained viral 
response (SVR). We mapped the care cas-
cade from 1999 to 2018, and estimated 
the number and proportion of people at 

each stage. We stratified analyses by sex, 
diagnosis date and location of residence. 
We used Cox regression to analyze the 
secondary outcomes, namely the associ-
ations between undergoing HCV RNA 
testing and initiating treatment, and 
demographic and clinical predictors.

Results: By Dec. 31, 2018, 4962 people 
tested positive for HCV antibody. Of those 
testing positive, 4118 (83.0%) were tested 
for HCV RNA, with 2480 (60.2%) testing 
positive. Genotyping was completed in 
2374 (95.7%) of those who tested positive 
for HCV RNA, with 1002 (42.2%) initiating 
treatment. Nearly 80% (n = 801, 79.9%) of 
treated people achieved SVR, with 
34 (4.2%) experi encing reinfection or 
relapse. Under going testing for HCV RNA 
was more likely among people in older 
age categor ies (within 1 yr of antibody 
test; adjusted hazard ratio [HR] 1.30, 95% 
confidence interval [CI] 1.19–1.41, among 
people aged 41–60 yr; adjusted HR 1.47, 
95% CI 1.18–1.81, among people aged 
>  60 yr), those living in rural areas 

(adjusted HR 1.20, 95% CI 1.10–1.30), 
those with an index date after Dec. 31, 
2013 (era of treatment with direct-acting 
antiviral regimens) (adjusted HR 1.99, 
95% CI 1.85–2.15) and those with a record 
of substance use or addictive disorders 
(>  1 yr after antibody test; adjusted HR 
1.38, 95% CI 1.18–1.60). Treatment initia-
tion was more likely among people in 
older age categories at index date 
(adjusted HR 1.32, 95% CI 1.15–1.50, 
among people aged 41–60 yr; adjusted 
HR 2.62, 95% CI 1.80–3.82, among people 
aged > 60 yr) and those with a later diag-
nosis year (adjusted HR 2.71, 95% CI 
2.29–3.22).

Interpretation: In comparison with HCV 
testing and diagnosis, a substantial gap 
in treatment initiation remains among 
Status First Nations populations in 
Ontario. Elimination efforts that prioritize 
linkage to care and integration with harm 
reduction and substance use services are 
needed to close gaps in HCV care among 
First Nations populations in Ontario.
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across various settings and populations.6–8 In addition, attrition 
and gaps in engagement across various stages of the continuum 
of care can be measured.9 First used for HIV, the cascade of care 
framework has been applied to HCV to identify care services, 
access and program effectiveness at a population level.7

Canada has committed to the World Health Organization’s 
goal to eliminate viral hepatitis as a public health threat by the 
year 2030, and First Nations and other Indigenous Peoples are a 
priority focus.10,11 Understanding where to prioritize elimination 
efforts requires a benchmark of how First Nations peoples pro-
gress from HCV testing, to diagnosis and, ultimately, to treat-
ment, and of where heterogeneity and inequalities exist.12 Using 
provincial health administrative data, the study objective was to 
characterize and map the HCV cascade of care among Status 
First Nations peoples in Ontario and to identify gaps in engage-
ment and service delivery.

Methods

Study design
We conducted a population-based retrospective cohort study of 
Status First Nations peoples in Ontario with a confirmed positive 
test result for HCV antibody or RNA from Jan. 1, 1999, to Dec. 31, 
2018. This study is part of an ongoing collaboration between the 
Ontario First Nations HIV/AIDS Education Circle (OFNHAEC), ICES 
(an independent, nonprofit research institute) and academic 
researchers, described elsewhere.4,5,13

Guided by Tri-Council Policy Statement chapter 9: Research 
Involving Indigenous Peoples in Canada,14 collaboration with 
OFNHAEC throughout this research ensured the inclusion of First 
Nations representatives from different Provincial Territorial 
Organizations and Independent First Nations, patient represent-
atives, Elders, and sexually transmitted and blood-borne infec-
tion coordinators and educators across the province.13 The study 
was reviewed for compliance with the principles of ownership, 
control, access and possession (OCAP),15,16 and approved by the 
Chiefs of Ontario First Nations Data Governance Committee and 
Grand Council Treaty #3. Permission to access data for members 
of communities in the Kenora Chiefs Advisory was not granted; 
thus, they were excluded from the analysis.

We reported this study in accordance with RECORD (Report-
ing of Studies Conducted Using Observational Routinely Col-
lected Health Data).17

Setting
The Indian Register includes all people who are registered with 
the Canadian federal government and recognized under the 
Indian Act as members of a First Nation (i.e., Status First 
Nations).18–20 Status First Nations peoples in Ontario were identi-
fied through previous linkage of the Indian Register to the Regis-
tered Persons Database (RPDB) at ICES.18,20 First Nations com-
munities (formerly referred to as reserves) are areas of land that 
are legally affiliated with First Nations bands in Canada.

In addition to provincial health insurance and third-party 
coverage, Status First Nations peoples are eligible for a wide 
range of federally funded benefits for health care. For example, 

they can seek primary care from community health centres, 
Aboriginal Health Access Centres or federally funded nursing 
stations or health centres; they can also seek care out of prov-
ince (depending on proximity).21,22 Status First Nations peoples 
are eligible for the federal noninsured health benefits (NIHB) 
program, which provides additional coverage for medical ser-
vices and prescription drugs (including HCV treatments, as indi-
cated on the NIHB drug benefits list)23 that are not accessible 
through other programs.24 However, the NIHB program is a 
payer of last resort, after all other provincial or third-party 
cover age is exhausted.25,26 Those who are covered by another 
public or private health care plan are required to submit their 
claims to the other plans first.25

Second-generation DAA treatments were launched in Canada 
in 2014,27 followed by changes in reimbursement criteria in 
Ontario after 2015.28 To identify potential improvements in care 
from wider availability and use of DAA treatments, we examined 
the cascade of care for people alive and in the province on 
Dec. 31, 2013 (hereby referred to as the “pre-DAA era”).

Data sources
The Indian Register data set at ICES includes all Status First 
Nations peoples registered as of 2014.20 We linked these records 
to administrative health services data held at ICES (Appendix 1, 
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.220717/tab 

-related-content) and to HCV testing records spanning Jan. 1, 
1999, to Dec. 31, 2018, acquired from Public Health Ontario lab-
oratories. Public Health Ontario is responsible for public health 
surveillance, including centralized processing of viral hepatitis 
testing across Ontario.29 These data sets were linked using 
unique encoded identifiers and analyzed at ICES.

Participants
We identified Status First Nations peoples recorded in the 
Indian Register and with a conclusive HCV test record in the 
Public Health Ontario data from Jan. 1, 1999, to Dec. 31, 2018. 
Of these, we included people who were alive and in the province 
on Dec. 31, 2018, in the HCV cascade of care analysis. For com-
parison, and to represent the pre-DAA era, we also examined 
the cascade of care for people who were alive and in the prov-
ince on Dec. 31, 2013.

Cascade of care
We defined the HCV cascade of care in 6 stages, as follows: tested 
positive for HCV antibody, tested for HCV RNA, tested positive for 
HCV RNA, HCV genotyped, initiated treatment and achieved sus-
tained virologic response (SVR) (Table 1).30 We defined relapse or 
reinfection as testing positive for HCV RNA after achieving SVR.31 
For each individual, we assigned an index date as the earliest 
date of a positive HCV antibody or HCV RNA test result, genotype 
test or treatment initiation record.

We separated people who ever spontaneously cleared infec-
tion from those who tested positive for HCV RNA and from sub-
sequent stages of the care cascade (Table 1). For the treatment 
initiation stage, we identified outpatient prescription drugs for 
HCV infection from the Ontario Drug Benefit (ODB) database 



Research

 CMAJ  |  April 11, 2023  |  Volume 195  |  Issue 14 E501

(Appendix 3, Table S2, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.220717/tab-related-content). We inferred SVR 
for people with a negative result for HCV RNA more than 
40 weeks or 18 weeks after first interferon32 or DAA33 treatment 
dispensation, respectively.

In the absence of testing and treatment records, we backfilled 
or assigned people to an earlier care stage based on assumptions 
around HCV RNA testing trends within the Public Health Ontario 
data. We backfilled people into the antibody-positive stage if 
they had a record of an HCV RNA test without a corresponding 
record of testing positive for HCV antibody. We added people to 
the genotyped stage if they had a record of initiating treatment 
or achieving SVR. In the absence of treatment records, we back-
filled people into the treatment and SVR stages if they had a 
nega tive result for HCV RNA more than a year after their positive 
HCV RNA test. More details regarding backfilling can be found in 
Appendix 2, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.220717/tab-related-content.

Engagement in each stage of the HCV cascade of care was 
reported among those alive and in the province at Dec. 31, 
2018. Primary outcome measures were the number and propor-
tion of people who had initially tested positive for HCV anti-
body in each stage of the cascade of care, and the percentage 
of people who progressed from the previous care stage. We also 
stratified measures by sex and residence within or outside of 

First Nations community at year of index. Secondary outcomes 
included time to subsequent RNA testing from testing positive 
for HCV antibody, and time to initiating treatment from testing 
positive for HCV RNA. For these analyses, we included all indi-
viduals, and censored those who did not have the event of 
interest at the end of the study period, date of death or when 
they left the province.

Variables
We assessed demographic and clinical characteristics at index 
date and date of treatment initiation. In addition to age at index, 
we characterized birth cohort because previous studies have 
cited a higher prevalence of HCV among people in certain birth 
cohorts (1945–1975).34 We classified location of residence by 
health service region (i.e., Local Health Integration Network) 
and urbanicity. As health care service delivery and access can 
differ within First Nations communities,22 we also characterized 
people as residing within or outside of a First Nations com-
munity during the year of reference, using mapped postal and 
residence codes at ICES.

Mental illness is overrepresented among people with HCV 
infection and is complicated by infection.35 In particular, sub-
stance use has been identified as an important risk factor for 
infection and barrier to care.36 Therefore, we characterized mental 
health conditions using diagnostic categories,37 supplemented 

Table 1: Definitions of stages in cascade of care for hepatitis C virus (HCV) infection*

Care stage Definition

Positive for HCV antibody • Positive result for HCV antibody
• Backfilled with people who had a result from an HCV RNA test and no previous result from an HCV antibody test

Tested for HCV RNA • Tested for HCV RNA

Positive for HCV RNA • Positive result for HCV RNA
• Excluded people who spontaneously cleared infection, identified by

• Negative result for HCV RNA test after testing positive for HCV antibody, with no record of treatment or 
positive test result for HCV RNA in between

• Negative result for HCV RNA within a year after testing positive for HCV RNA, with no record of treatment in 
between

HCV genotyped • HCV genotype result
• Backfilled with people who were backfilled into the treatment initiated stage with no genotype record

HCV treatment initiated • HCV treatment initiated
• Backfilled with people who were backfilled into the achieved SVR stage†

Achieved SVR‡ • For people with a record of an HCV treatment
• If first dispensation record was for an IFN-based treatment, negative result for HCV RNA at least 40 weeks¶ 

after first date of treatment
• If first dispensation record was for a DAA treatment, negative result from HCV RNA test at least 18 weeks** 

after first date of treatment
• Backfilled with people who subsequently tested negative for HCV RNA more than a year after the date of their 

first positive result for HCV RNA, with no record of treatment

Note: DAA = direct-acting antiviral, IFN = interferon, SVR = sustained virologic response.
*At each stage, the individual must have achieved the stage on or before Dec. 31, 2018 (for main analysis), or Dec. 31, 2013 (for comparison analysis). Additional details regarding 
backfilled individuals and definition of spontaneous clearance can be found in Appendix 2, available at www.cmaj.ca/lookup/doi/10.1503/cmaj.220717/tab-related-content. 
†For backfilled people, treatment date was assumed to be 6 months before SVR date.
‡SVR date was assumed to be the date of the corresponding negative test result for HCV RNA.
¶Interferon treatment duration was assumed to be an average of 24 weeks, with SVR measured 16 weeks after treatment completion.
**DAA treatment duration was assumed to be an average of 8 weeks, with SVR measured 10 weeks after treatment completion.
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with billing codes from the Ontario Health Insurance Plan (OHIP) 
(Appendix 3, Table S3). We identified records of hepatitis B virus 
(HBV) and HIV coinfections, given that these have been shown to 
affect progression through the HCV testing continuum and 
whether people seek care (Appendix 3, Table S4).7 As chronic 
infection leads to accelerated progression of liver disease, we 
used validated algorithms of diagnostic and OHIP billing codes to 
identify records of advanced liver disease (e.g., cirrhosis, decom-
pensated cirrhosis, hepatocellular carcinoma) and liver transplant 
within the cohort (Appendix 3, Table S5 to S8).38 We categorized 
multimorbidity using the Johns Hopkins ACG System’s (ver-
sion 10) Aggregated Diagnosis Groups (ADG) up to 1 year before 
index date and up to 1 year before treatment initiation.39

Statistical analysis
For cohort characteristics, we described continuous variables 
using means and standard deviations, and medians and inter-
quartile ranges. We reported counts of people with conditions 
before the index date, treatment start date and study end date.

We used Cox regression models to identify associations 
between characteristics and time to subsequent RNA testing for 
people whose index date corresponded to a record of a positive 
antibody test, and time to initiating treatment (including those 
who were backfilled) from first record of a positive result for HCV 
RNA. We censored those without the event of interest at date of 
death, 10 years after date of last contact with the health care sys-
tem or Dec. 31, 2018 (end of study period), whichever occurred 
first. We generated and fitted time-to-event curves using the 
Kaplan–Meier method.40 We performed multivariable analyses 
with covariates identified a priori and defined at index date. 
Covariates included age category; sex; urbanicity; residence 
within or outside of a First Nations community; ADG score; 
co infection with HBV, HIV or both; substance use or addictive dis-
order; and treatment era.

We estimated model parameters, and unadjusted and 
adjusted hazard ratios (HRs) with 95% confidence intervals (CIs). 
We assessed the proportional hazards assumption for both models 
by examining time-to-event curves and scaled Schoenfeld resid-
uals for all covariates. In the case of violation, we used piecewise 
regression to calculate period-specific HRs for the affected 
covariates at 1 year or less and greater than 1 year from the start 
date.41 We used complete case analysis to handle missing 
variables.

Sensitivity analyses
We tested backfilling assumptions in sensitivity analyses of HCV 
RNA testing trends and testing frequencies. Post  hoc analyses 
assessed the effects of potential misclassification of people 
backfilled into the treatment initiation and SVR stages (includ-
ing those identified as treatment nonresponders, defined in 
Appendix 4, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.220717/tab-related-content), as having spontaneous clear-
ance (defined in Appendix 2), or relapse or reinfection (defined 
in Appendix 4).

To balance concerns regarding changes in treatment eligibil-
ity over the study period and after 2018, we performed post hoc 

analyses of annual ODB records of treatment from the earliest 
date available to Dec. 31, 2020. For the regression analysis of 
time to treatment, we ran a version of the model considering 
only those with an actual ODB treatment record (not backfilled).

We conducted all analyses using SAS version 9.4 (SAS Insti-
tute) and R version 3.6 (R Core Team).

Ethics approval
This study was approved by the University Health Network and 
University of Toronto Health Sciences Research Ethics Boards. 
ICES’ legal status under Ontario’s health information privacy law 
(Section 45) allows it to collect and analyze health care and 
demographic data, without consent, for health system evalua-
tion and improvement.

Results

From Jan. 1, 1999, to Dec. 31, 2018, 40 533 Status First Nations 
peoples in Ontario had HCV testing records (Figure 1). Of these, 
35 775 were alive and resided in the province on Dec. 31, 2018. 
Overall, 4962 people ever tested positive for HCV antibody and 
were alive and in the province at Dec. 31, 2018 (Table 2). Before 
their index date, 52 (1.0%) and 94 (1.9%) people had diagnoses of 
HBV and HIV infection (or both), respectively, which increased to 
119 (2.4%) and 187 (3.8%) by the end of 2018. Cirrhosis and 
decompensated cirrhosis were recorded for 89 (1.8%) and 
65 (1.3%) people before their index date and for 240 (4.8%) and 
139 (2.8%) people, respectively, by the end of 2018. Mental 
health conditions before index dates were common, particularly 
substance use and addictive disorders (n = 3728, 75.1%) or anx-
iety disorders (n = 3731, 75.2%).

Care cascade by Dec. 31, 2018
Figure 2 describes the cascade of care by Dec. 31, 2018. Among the 
4962 people who ever tested positive for HCV antibody, 
4118 (83.0%) had a record of HCV RNA testing; 442 had no record 
of an antibody test ever being performed and were therefore back-
filled into this population. Of those people tested for HCV RNA, 
2480 (60.2%) were positive for HCV RNA, for whom 2374 (95.7%) 
samples were genotyped (incorporating 32 people who were back-
filled because treatment was initiated without having a geno type 
record). The most common genotype was 1, identified in 1592 of 
those whose samples were genotyped (67.1%).

Treatment was initiated for 1002 people (42.2% of those 
whose samples were genotyped), of whom 801 (79.9%) achieved 
SVR. There were 509 people (50.8% and 63.5% of those who initi-
ated treatment and achieved SVR, respectively) with no treat-
ment record who were backfilled based on HCV RNA testing 
trends. Among the 493 people with an ODB record of treatment 
initiation (not backfilled), 56 (11.4%) could not be evaluated for 
SVR because not enough time had passed between treatment 
initiation and the study end date. Of those who achieved SVR, 
34 (4.2%) subsequently tested positive for HCV RNA, indicating 
re infection or relapse. Of these, 22 (64.7%) tested positive within 
a year (likely indicating relapse), and 12 (35.3%) tested positive 
more than a year after SVR (likely indicating reinfection).
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We excluded 1122 people who spontaneously cleared their 
infection (22.6% of those who ever tested positive for HCV anti-
body) from the stage of testing positive for HCV RNA, of whom 
111 (9.9%) tested positive for HCV RNA at a later date. We esti-
mated that 26 (23.4%) of these 111 cleared their infection 
through treatment and 17 (15.3%) spontaneously cleared their 
infection by Dec. 31, 2018.

Results of sensitivity analyses around backfilling assumptions 
can be found in Appendix 4. When considering the changing 
treatment landscape beyond 2018, the largest increases in ODB 
claimants of prescriptions for HCV treatment were observed in 
2015 and 2017, with minimal year-to-year changes thereafter 
(Appendix 5, Table S9, available at www.cmaj.ca/lookup/doi 
/10.1503/cmaj.220717/tab-related-content).

Care cascade by sex and First Nations community 
residence
By Dec. 31, 2018, 2348 females ever tested positive for HCV anti-
body and 997 were genotyped. Treatment was initiated for 
444  females (44.5% of those genotyped), of whom 370 (83.3%) 
achieved SVR (Appendix 6, Figure S1, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.220717/tab-related-content). Among 
the 2614 males who ever tested positive for HCV antibody, treat-
ment was initiated for 558 (40.5% of genotyped) of them, and 431 
(77.2% of those who initiated treatment) achieved SVR.

By Dec. 31, 2018, 3583 HCV antibody–positive people resided out-
side of First Nations communities at index date, of whom 

2920 (81.5%) ever underwent HCV RNA testing (Appendix 6, Figure S2). 
Among those who resided outside of First Nations commun ities dur-
ing their index year, 750 (43.7% of genotyped) ever initiated treat-
ment, 586 (78.1% of those who initiated treatment) achieved SVR and 
21 (3.6% of those who achieved SVR) had reinfection or relapse. 
Among the 1098 antibody-positive people who resided within First 
Nations communities during their index year, 971 (88.4%) ever under-
went HCV RNA testing. Of the 169 (33.7% of geno typed) people who 
initiated treatment, 150 (88.8%) achieved SVR and 10 (6.7% of those 
who achieved SVR) had reinfection or relapse.

Comparison of 2013 and 2018 care cascades
By Dec. 31, 2013, 3146 people ever tested positive for HCV anti-
body (Appendix 6, Figure S3). Appendix 6, Table S10 describes 
patients who initiated treatment by Dec. 31, 2013 (pre-DAA era, 
n  = 207) and for the entire cohort who initiated treatment by 
Dec. 31, 2018 (n = 1002). Their mean ages at date of treatment 
 initiation were 44.0 and 43.7 years, respectively. In both groups, 
those who initiated treatment had higher proportions of cirrhosis 
and decompensated cirrhosis than those in earlier stages of the 
cascade (Table 2 and Appendix 6, Table S11).

Comparing the cascades of care in the pre-DAA era to 2018, 
we observed increases in the proportion of people who under-
went HCV RNA testing after a positive antibody test (69.8% to 
83.0%), and in treatment initiation after genotype testing (15.4% 
to 42.2%). Of those who were treated, 78.3% achieved SVR in the 
pre-DAA era, increasing to 79.9% by 2018 (Appendix 6, Figure S4).

Status First Nations peoples* with 

conclusive† HCV test records in PHO data 

until Dec. 31, 2018 

n = 40 533  

Status First Nations peoples with 

 positive result for HCV antibody‡

n = 5227  

Excluded 

•    Death record before Dec. 31, 2018, or age > 105 yr at 

Dec. 31, 2018  n = 4346 

•    Out of province at Dec. 31, 2018  n = 412  

 

Status First Nations peoples in Ontario, alive 

and tested for HCV by Dec. 31, 2018    

n = 35 775  

Status First Nations peoples who likely ever    

tested positive for HCV antibody (entered 

into stage 1 of the HCV care cascade)

n = 4962  

Status First Nations peoples 

with positive result for HCV RNA 

n = 2926 

Figure 1: Flow diagram showing cohort selection for analysis of cascade of care on Dec. 31, 2018. *Members of the Kenora Chiefs Advisory were 
excluded from the analyses. †166 people had only inconclusive results from an HCV antibody test and no record of an HCV RNA test. ‡After complete 
case analysis, multivariable analysis (time from testing positive for HCV antibody to RNA test) was performed with 4771 people who underwent testing 
for HCV RNA after a positive result for HCV antibody. §After complete case analysis, multivariable analysis (time from testing positive for HCV RNA to 
treatment initiation) was performed with 2675 people who had a record of first HCV treatment after a positive result for HCV RNA. Note: HCV = hepatitis 
C virus, PHO = Public Health Ontario.



Re
se

ar
ch

E504 CMAJ  |  April 11, 2023  |  Volume 195  |  Issue 14 

Table 2 (part 1 of 3): Demographic and clinical characteristics of Status First Nations peoples in Ontario for each stage of the 
cascade of care for hepatitis C virus (HCV) infection on Dec. 31, 2018

Characteristic†

No. (%) of participants*

Positive for 
HCV antibody
n = 4962

Tested for 
HCV RNA
n = 4118

Positive for 
HCV RNA
n = 2480

Genotyped
n = 2374

Initiated 
treatment
n = 1002

Achieved 
SVR‡
n = 801

Backfilled 442 (8.9) 0 0 32 (1.3) 509 (50.8) 509 (63.5)

Age at index date, yr, mean ± SD 35.3 ± 11.8 35.6 ± 11.9 35.5 ± 10.8 35.6 ± 10.8 37.5 ± 11.3 37.7 ± 11.2

Age at index date, yr, median (IQR) 34 (27–43) 34 (27–44) 34 (27–43) 35 (27–43) 37 (28–46) 38 (28–46)

Age at index date, yr

    0–24 926 (18.7) 777 (18.9) 427 (17.2) 404 (17.0) 139 (13.9) 104 (13.0)

    25–29 828 (16.7) 669 (16.2) 429 (17.3) 413 (17.4) 149 (14.9) 124 (15.5)

    30–34 766 (15.4) 623 (15.1) 395 (15.9) 370 (15.6) 141 (14.1) 109 (13.6)

    35–39 720 (14.5) 566 (13.7) 348 (14.0) 331 (13.9) 136 (13.6) 102 (12.7)

    40–44 640 (12.9) 533 (12.9) 350 (14.1) 339 (14.3) 153 (15.3) 121 (15.1)

    45–49 464 (9.4) 407 (9.9) 250 (10.1) 246 (10.4) 129 (12.9) 114 (14.2)

    50–54 305 (6.1) 265 (6.4) 154 (6.2) 148 (6.2) 76 (7.6) 66 (8.2)

   ≥ 55 313 (6.3) 278 (6.8) 127 (5.1) 123 (5.2) 79 (7.9) 61 (7.6)

Birth cohort

    < 1945 34 (0.7) 28 (0.7) 15 (0.6) 14 (0.6) 9 (0.9) 6 (0.7)

    1945–1964 1157 (23.3) 1002 (24.3) 611 (24.6) 600 (25.3) 347 (34.6) 289 (36.1)

    1965–1975 1213 (24.4) 1004 (24.4) 632 (25.5) 612 (25.8) 260 (25.9) 208 (26.0)

     > 1975 2558 (51.6) 2084 (50.6) 1222 (49.3) 1148 (48.4) 386 (38.5) 298 (37.2)

Sex

    Female 2348 (47.3) 1974 (47.9) 1054 (42.5) 997 (42.0) 444 (44.3) 370 (46.2)

    Male 2614 (52.7) 2144 (52.1) 1426 (57.5) 1377 (58.0) 558 (55.7) 431 (53.8)

Urbanicity at index date

    Missing or unknown 53 (1.1) 32 (0.8) 19 (0.8) 18 (0.8) 6 (0.6) ≤ 5

    Urban 3244 (65.4) 2632 (63.9) 1662 (67.0) 1598 (67.3) 734 (73.3) 579 (72.3)

    Rural 1665 (33.6) 1454 (35.3) 799 (32.2) 758 (31.9) 262 (26.1) ≤ 221

Community status at index date§

    Missing or unknown 281 (5.7) 227 (5.5) 157 (6.3) 155 (6.5) 83 (8.3) 65 (8.1)

    Outside of First Nations community 3583 (72.2) 2920 (70.9) 1795 (72.4) 1718 (72.4) 750 (74.9) 586 (73.2)

    Within First Nations community 1098 (22.1) 971 (23.6) 528 (21.3) 501 (21.1) 169 (16.9) 150 (18.7)

LHIN at index date

    Missing or unknown 30 (0.6) 16 (0.4) 11 (0.4) 11 (0.5) ≤ 5 ≤ 5

    1. Erie St. Clair 328 (6.6) 249 (6.0) 148 (6.0) 139 (5.9) ≤ 5 35 (4.4)

    2. South West 376 (7.6) 310 (7.5) 185 (7.5) 174 (7.3) 80 (8.0) 65 (8.1)

    3. Waterloo Wellington 56 (1.1) 50 (1.2) 29 (1.2) 27 (1.1) 15 (1.5) 12 (1.5)

    4. Hamilton Niagara
         Haldimand Brant

474 (9.6) 387 (9.4) 238 (9.6) 229 (9.6) 98 (9.8) 81 (10.1)

    5. Central West 33 (0.7) 28 (0.7) 15 (0.6) 14 (0.6) 9 (0.9) 7 (0.9)

    6. Mississauga Halton 28 (0.6) 22 (0.5) 12 (0.5) 10 (0.4) ≤ 5 ≤ 5

    7. Toronto Central 335 (6.8) 271 (6.6) 167 (6.7) 163 (6.9) 88 (8.8) 66 (8.2)

    8. Central 55 (1.1) 50 (1.2) 27 (1.1) 27 (1.1) 13 (1.3) 11 (1.4)

    9. Central East 138 (2.8) 110 (2.7) 69 (2.8) 68 (2.9) 40 (4.0) 32 (4.0)

    10. South East 108 (2.2) 88 (2.1) 57 (2.3) 56 (2.4) 31 (3.1) 25 (3.1)

    11. Champlain 184 (3.7) 142 (3.4) 95 (3.8) 91 (3.8) 32 (3.2) 23 (2.9)

    12. North Simcoe Muskoka 106 (2.1) 82 (2.0) 52 (2.1) 48 (2.0) 29 (2.9) 23 (2.9)

    13. North East 1023 (20.6) 845 (20.5) 530 (21.4) 509 (21.4) 202 (20.2) 151 (18.9)

    14. North West 1688 (34.0) 1468 (35.6) 845 (34.1) 808 (34.0) 310 (30.9) 267 (33.3)
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Table 2 (part 2 of 3): Demographic and clinical characteristics of Status First Nations peoples in Ontario for each stage of the 
cascade of care for hepatitis C virus (HCV) infection on Dec. 31, 2018

Characteristic†

No. (%) of participants*

Positive for 
HCV antibody
n = 4962

Tested for 
HCV RNA
n = 4118

Positive for 
HCV RNA
n = 2480

Genotyped
n = 2374

Initiated 
treatment
n = 1002

Achieved 
SVR‡
n = 801

Comorbidities¶

    ADG score 1 year before index date,  
    mean ± SD

5.1 ± 3.8 5.1 ± 3.7 5.1 ± 3.7 5.1 ± 3.7 5.2 ± 3.7 5.1 ± 3.6

    ADG score 1 year before index date,  
    median (IQR)

4 (2–8) 4 (2–8) 5 (2–8) 5 (2–8) 5 (2–8) 5 (2–7)

Number of ADG categories 1 year before index date

    0 387 (7.7) 323 (7.8) 200 (8.1) 193 (8.1) 81 (8.1) 65 (8.1)

    1–4 2100 (42.3) 1759 (42.7) 1023 (41.3) 974 (41.0) 393 (39.2) 314 (39.2)

    5–9 1806 (36.4) 1500 (36.4) 945 (38.1) 908 (38.2) 399 (39.8) 325 (40.6)

    ≥ 10 674 (13.6) 536 (13.0) 312 (12.6) 299 (12.5) 129 (12.9) 97 (12.1)

Mental health records

Substance use and addictive disorders

    Before index date 3728 (75.1) 3069 (74.5) 1918 (77.3) 1825 (76.9) 743 (74.2) 567 (70.8)

    Before Dec. 31, 2018 4233 (85.3) 3500 (85.0) 2189 (88.3) 2094 (88.2) 858 (85.6) 667 (83.3)

Mood disorders

    Before index date 1890 (38.1) 1559 (37.9) 931 (37.5) 891 (37.5) 365 (36.4) 281 (35.1)

    Before Dec. 31, 2018 2566 (51.7) 2138 (51.9) 1303 (52.5) 1254 (52.8) 539 (53.8) 425 (53.1)

Personality disorders

    Before index date 821 (16.5) 663 (16.1) 428 (17.3) 408 (17.2) 163 (16.3) 121 (15.1)

    Before Dec. 31, 2018 1099 (22.1) 897 (21.8) 599 (24.2) 574 (24.2) 232 (23.2) 181 (22.6)

Schizophrenia spectrum and other 
psychotic disorders

    Before index date 619 (12.5) 494 (12.0) 331 (13.3) 314 (13.2) 123 (12.3) 83 (10.4)

    Before Dec. 31, 2018 992 (20.0) 809 (19.6) 551 (22.2) 531 (22.4) 213 (21.3) 152 (19.0)

Anxiety disorders

    Before index date 3731 (75.2) 3107 (75.4) 1914 (77.2) 1833 (77.2) 796 (79.4) 621 (77.5)

    Before Dec. 31, 2018 4144 (83.5) 3447 (83.7) 2121 (85.5) 2035 (85.7) 875 (87.3) 691 (86.3)

Trauma or stressor-related disorders

    Before index date 1343 (27.1) 1122 (27.2) 712 (28.7) 685 (28.9) 257 (25.6) 198 (24.7)

    Before Dec. 31, 2018 1849 (37.3) 1545 (37.5) 1000 (40.3) 969 (40.8) 379 (37.8) 297 (37.1)

Deliberate self harm

    Before index date 836 (16.8) 675 (16.4) 436 (17.6) 411 (17.3) 152 (15.2) 113 (14.1)

    Before Dec. 31, 2018 1245 (25.1) 1025 (24.9) 677 (27.3) 644 (27.1) 236 (23.6) 179 (22.3)

Disease-specific records

Genotype of HCV infection

    Genotype 1 1711 (34.5) 1711 (41.5) 1592 (64.2) 1592 (67.1) 665 (66.4) 533 (66.5)

    Genotype 2 162 (3.3) 162 (3.9) 149 (6.0) 149 (6.3) 70 (7.0) 62 (7.7)

    Genotype 3 600 (12.1) 600 (14.6) 559 (22.5) 559 (23.5) 217 (21.7) 164 (20.5)

    Genotype 4 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5

    Multiple genotypes ≤ 19 ≤ 19 ≤ 16 ≤ 16 ≤ 6 ≤ 5

    Missing or unknown** 2469 (49.8) 1625 (39.5) 163 (6.6) 57 (2.4) 43 (4.3) 36 (4.5)

HBV

    Before index date 52 (1.0) 42 (1.0) 26 (1.0) 26 (1.1) 14 (1.4) 13 (1.6)

    Before Dec. 31, 2018 119 (2.4) 103 (2.5) 64 (2.6) 64 (2.7) 32 (3.2) 27 (3.4)
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Time to RNA test and treatment initiation
Among the 40 533 Status First Nations peoples with HCV test 
records (Figure 1), 5227 (12.9%) had a record of a positive HCV 
antibody test as their index (earliest positive test) date, of whom 
4052 had a subsequent record of an HCV RNA test. After censor-
ing those who did not undergo RNA testing (n = 1175, 22.5%), the 
overall median time to subsequent RNA test was 0.64 (95% CI 
0.56–0.74) years or about 233 days (Appendix 7, Figure S5, avail-
able at www.cmaj.ca/lookup/doi/10.1503/cmaj.220717/tab 
-related-content). For people who resided within First Nations 
communities, the median time to RNA testing was 0.19 (95% CI 
0.16–0.22) years or about 68 days, compared with 0.79 (95% CI 
0.66–0.94) years or about 288 days among those who resided 
outside First Nations communities. When stratified by index date, 
the median time to RNA test was 1.74 (95% CI 1.49–2.08) years or 
about 636 days among those with an index date before Dec. 31, 
2013, and 0.17 (95% CI 0.15–0.19) years or about 61 days among 
those with an index date after Dec. 31, 2013.

The overall median time from first positive RNA test to first 
record of treatment dispensation among all people with a 
 positive RNA test (n = 2926, of whom 1071 had a treatment record 
or were backfilled, and the remaining were censored) was 

10.50 (95% CI 9.71–11.14) years (Appendix 7, Figure S6). Stratify-
ing by community status, median time to treatment was 
7.60 (95% CI 6.60–9.73) years and 9.75 (95% CI 9.04–10.70) years 
for people who resided within and outside of First Nations com-
munities, respectively. When stratifying by treatment era, after 
2013, the time-to-event curve did not reach a point where 50% of 
people were treated. When comparing the 25% quartiles, we 
observed a time to treatment of 5.20 (95% CI 4.80–5.63) years 
and 1.74 (95% CI 1.50–2.05) years for those with an index date 
before and after Dec. 31, 2013, respectively.

HCV RNA testing and treatment initiation
In the multivariable analysis of HCV RNA testing, complete case 
analyses resulted in loss of 8.7% of observations (4771 of 
5227  antibody-positive people included). Age category at index 
date and record of substance use or addictive disorders before 
the index date were the only covariates that violated the propor-
tional hazards assumption. Therefore, we used piecewise regres-
sion to model their effects for up to 1 year and more than 1 year 
after testing positive for HCV antibody.

Age categories of 41 years and older were positively associ-
ated with undergoing an HCV RNA test up to 1 year after testing 

Table 2 (part 3 of 3): Demographic and clinical characteristics of Status First Nations peoples in Ontario for each stage of the 
cascade of care for hepatitis C virus (HCV) infection on Dec. 31, 2018

Characteristic†

No. (%) of participants*

Positive for 
HCV antibody
n = 4962

Tested for 
HCV RNA
n = 4118

Positive for 
HCV RNA
n = 2480

Genotyped
n = 2374

Initiated 
treatment
n = 1002

Achieved 
SVR‡
n = 801

HIV

    Before index date 94 (1.9) 89 (2.2) 45 (1.8) 45 (1.9) 29 (2.9) 22 (2.7)

    Before Dec. 31, 2018 187 (3.8) 178 (4.3) 110 (4.4) 109 (4.6) 47 (4.7) 32 (4.0)

Cirrhosis

    Before index date 89 (1.8) 79 (1.9) 50 (2.0) 50 (2.1) 33 (3.3) 31 (3.9)

    Before Dec. 31, 2018 240 (4.8) 224 (5.4) 173 (7.0) 173 (7.3) 119 (11.9) 105 (13.1)

Decompensated cirrhosis

    Before index date 65 (1.3) 58 (1.4) 36 (1.5) 36 (1.5) 24 (2.4) 22 (2.7)

    Before Dec. 31, 2018 139 (2.8) 130 (3.2) 96 (3.9) 96 (4.0) 67 (6.7) 59 (7.4)

Hepatocellular carcinoma

    Before index date 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

    Before Dec. 31, 2018 15 (0.3) 14 (0.3) 14 (0.6) 14 (0.6) 9 (0.9) 9 (1.1)

Liver transplant

    Before index date ≤ 5 ≤ 5 ≤ 5 ≤ 5 0 (0.0) 0 (0.0)

    Before Dec. 31, 2018 18 (0.4) 18 (0.4) 12 (0.5) 12 (0.5) 10 (1.0) 9 (1.1)

Note: ADG = aggregated diagnosis groups, HBV = hepatitis B virus, IQR = interquartile range, LHIN = Local Health Integration Network, SD = standard deviation, SVR = sustained 
virologic response.
*Unless indicated otherwise.
†Index date corresponded to the earliest positive record date (positive for HCV antibody, positive for HCV RNA, genotype or treatment dispensation record). For people with only RNA 
tests on record, index date was assigned as earliest RNA test date. Cell sizes ≤ 5 cannot be reported or able to be recalculated to comply with ICES privacy rules.
‡For certain people, we were unable to check for SVR owing to minimal post-treatment follow-up time.
§Includes people for whom this variable indicated residence outside of Ontario during the year of assessment. Ontario residence for the initial exclusion criteria was determined using 
the Registered Persons Database rather than the residence within or outside of the First Nations community database.
¶ADG score was derived using the John Hopkins ACG system. 
**Includes people with an indeterminate genotype result.
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positive for HCV antibody (Table 3). Female sex, rural residence, 
residing within a First Nations community and index date in the 
post-DAA era were significantly positively associated with under-
going an RNA test. Record of substance use or addictive disor-
ders before index date was significantly negatively associated 
with undergoing RNA testing up to 1 year after testing positive for 
HCV antibody, but positively associated with being tested for 
HCV RNA in the later period (Table 3).

In multivariable analysis of initiating treatment after a posi-
tive HCV RNA test, complete case analysis resulted in a loss of 
8.6% of observations (2675 of 2926 included). Older age category, 
female sex and index date in the post-DAA era were significantly 
positively associated with initiating treatment after a positive 
HCV RNA test (Table 4). 

As a sensitivity analysis, when the model was run only con-
sidering people with an ODB treatment record (i.e., not back-
filled), older age category, previous record of substance use or 
addictive disorders and index date in the post-DAA era were posi-
tively associated with treatment (Appendix 7, Table S12).

Interpretation

We used administrative data to describe the cascade of care 
for Status First Nations peoples with HCV infection in Ontario. 
Overall, 17.0% of those who tested positive for HCV antibody 

did not receive follow-up testing for HCV RNA; 60.0% of those 
with a reactive HCV RNA test did not initiate treatment, and 
we were unable to confirm SVR for 20.1% of those who initi-
ated treatment.

From 2013 to 2018, we observed improvements of 13.2% in 
testing for HCV RNA among antibody-positive people, and of 
26.8% in treatment initiation among those genotyped, likely 
related to the wider availability of DAAs and broader eligibility 
criteria after 2014.27 Previous research showed increases in test-
ing and diagnosis of HCV infection among First Nations peoples 
in Ontario by 2014.5 Despite these improvements, our results 
showed a major gap in the treatment initiation stage of the cas-
cade of care for First Nations peoples.

Our time-to-event estimates and uptake rates also likely 
reflect changes in treatment availability over the study period, 
including the expanded eligibility for public funding of DAAs for 
HCV in 2017 in Ontario.28 The long time from testing positive for 
HCV RNA to treatment in some individuals may have reflected 
the documented warehousing effect, with a backlog of 
treatment- eligible individuals who deferred treatment in antici-
pation of the wider availability of DAAs.42 However, crude analy-
ses of ODB records up to 2020 were not indicative of higher pre-
scribing trends after 2017 (Appendix 5).

Barriers such as poor access to health services, and systemic 
oppression and discrimination, may discourage Indigenous Peoples 
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Figure 2: Cascade of care for hepatitis C virus (HCV) infection among Status First Nations peoples in Ontario on Dec. 31, 2018. The annotation above 
each bar describes the number of individuals and percentages relative to the previous stage. For the spontaneous clearance stage, the annotation 
above the bar describes the percentage of those who tested positive for HCV antibody. Note: SVR = sustained virologic response.
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from engaging in care and initiating treatment.3,43,44 We observed a 
substantial gap in the proportion of people who initiated treatment 
among those who resided within First Nations communities (33.7% 
of those genotyped) compared with those who resided outside 

(43.7% of those genotyped), likely reflecting broader inequalities 
within communities.45 Despite this observed gap, we did not 
observe an association between community residence and treat-
ment initiation in the multivariable analysis.

Table 3: Factors associated with Status First Nations peoples who underwent testing for hepatitis C virus (HCV) RNA after a 
positive HCV antibody test (n = 4771)*

Variable
Unadjusted*

hazard ratio (95% CI)
Adjusted

hazard ratio (95% CI)

Sex

    Male Ref. Ref.

    Female 1.07 (1.01–1.15) 1.12 (1.05–1.19)

Age category (RNA testing ≤ 1 yr after testing positive for antibody)*, yr

    0–20 0.93 (0.78–1.11) 0.94 (0.79–1.13)

    21–40 Ref. Ref.

    41–60 1.15 (1.06–1.25) 1.30 (1.19–1.41)

    ≥ 61 1.68 (1.36–2.06) 1.47 (1.18–1.81)

Age category (RNA testing > 1 yr after testing positive for antibody)*, yr

    0–20 1.05 (0.82–1.34) 1.11 (0.86–1.42)

    21–40 Ref. Ref.

    41–60 0.96 (0.84–1.09) 1.03 (0.90–1.17)

    ≥ 61 0.97 (0.55–1.72) 1.06 (0.60–1.88)

Urbanicity of residence

    Urban Ref. Ref.

    Rural 1.43 (1.34–1.53) 1.20 (1.10–1.30)

Community residence

    Outside of First Nations community Ref. Ref.

    Within First Nations community 1.54 (1.42–1.66) 1.19 (1.08–1.31)

Comorbidities†

    ADG score, 1 year before index date 0.98 (0.97–0.99) 0.99 (0.98–0.99)

Coinfection with HBV or HIV

    No record Ref. Ref.

    Record before index date 0.96 (0.79–1.17) 1.09 (0.89–1.33)

Substance use or addictive disorders
(RNA testing ≤ 1 yr after testing positive for antibody)*

    No record Ref. Ref.

    Record before index date 0.91 (0.84–1.00) 0.88 (0.80–0.96)

Substance use or addictive disorders
(RNA testing > 1 yr after testing positive for antibody)*

    No record Ref. Ref.

    Record before index date 1.36 (1.18–1.58) 1.38 (1.18–1.60)

Treatment era

    Index date before Dec. 31, 2013 (pre-DAA era) Ref. Ref.

    Index date after Dec. 31, 2013 (post-DAA era) 2.06 (1.92–2.21) 1.99 (1.85–2.15)

Note: ADG = aggregated diagnosis groups, CI = confidence interval, DAA = direct-acting antiviral, HBV = hepatitis B virus, Ref. = reference.
*Model was run with people who had an index date that corresponded to their positive antibody test. Those who did not have an HCV RNA test were censored at date of death, 10 years 
after date of last contact with the health care system or on Dec. 31, 2018, whichever occurred first. The model was run with 4771 people and consisted of 3753 events and 1018 individuals 
censored. In total, the model had 14 degrees of freedom. The proportional hazards assumption was checked for each model covariate using time-to-event curves and weighted Schoenfeld 
residuals (at a threshold of p < 0.05). For covariates that violated the assumption, piecewise regression was used where the time interval was split into ≤ 1 year and > 1 year after testing 
positive for HCV antibody. For covariates that violated the proportional hazards assumption, univariate analyses consisted of the covariate run piecewise over both time intervals.
†ADG score was derived using the John Hopkins ACG System.
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Long wait times and provider shortages are common bar-
riers to accessing health care services,46 contributing to lower 
rates of specialist and family physician visits among First 
Nations peoples than among non–First Nations people.47,48 
Therefore, allowing other health care professionals such as 
nurse practitioners to prescribe DAA treatment may increase 
access.28 In addition, as the efficacy of treatment relies on 
adherence, HCV elimination efforts will need to provide services 
that emphasize peer and community supports, as well as trust 
between provider and patient, which have been shown to 
increase adherence and treatment completion among Indigen-
ous peoples.49 Broader efforts to promote and implement anti-
racism and cultural safety training for health care providers will 
be critical to fostering and restoring trust between Indigenous 

Peoples and the health care system to encourage them to seek 
HCV testing and care.50

A high prevalence of mental health disorders before the 
index date suggests that co-location of HCV screening and treat-
ment with harm reduction or addiction treatment services may 
reach and engage at-risk people.51,52 Such services, developed 
with First Nations leadership, have created meaningful relation-
ships between health care providers and at-risk people, and are 
low-barrier, nonstigmatizing approaches to fast- tracking HCV 
screening and care within First Nations communities.51

It is important to highlight the inherent resilience and ten-
acity of Indigenous Peoples and the contributions of Indigen-
ous culture and strength to their health today.53 Cultural teach-
ings and values have been shown to be protective buffers to 

Table 4: Factors associated with Status First Nations peoples who had a record of first treatment dispensation for hepatitis C 
virus (HCV) infection after a positive HCV RNA test (n = 2675)*

Variable
Unadjusted hazard ratio

(95% CI)
Adjusted hazard ratio

(95% CI)

Sex

    Male Ref. Ref.

    Female 1.10 (0.97–1.25) 1.15 (1.01–1.31)

Age, yr

    0–20 1.11 (0.80–1.53) 1.08 (0.78–1.50)

    21–40 Ref. Ref.

    41–60 1.18 (1.03–1.34) 1.32 (1.15–1.50)

    ≥ 61 2.58 (1.78–3.76) 2.62 (1.80–3.82)

Urbanicity of residence

    Urban Ref. Ref.

    Rural 0.98 (0.85–1.13) 0.85 (0.72–1.01)

Community residence

    Outside of First Nations community Ref. Ref.

    Within First Nations community 1.13 (0.96–1.33) 1.03 (0.85–1.25)

Comorbidities†

    ADG score, 1 year before index date 0.99 (0.97–1.01) 0.99 (0.97–1.01)

Coinfection with HBV or HIV

    No record Ref. Ref.

    Record before index date 0.96 (0.69–1.33) 1.00 (0.72–1.40)

Substance use or addictive disorders

    No record Ref. Ref.

    Record before index date 1.15 (0.99–1.33) 1.09 (0.94–1.28)

Treatment era

    Index date before Dec. 31, 2013 (pre-DAA era) Ref. Ref.

    Index date after Dec. 31, 2013 (post-DAA era) 2.59 (2.20–3.05) 2.71 (2.29–3.22)

Note: ADG = aggregated diagnosis groups, CI = confidence interval, DAA = direct-acting antiviral, HBV = hepatitis B virus, Ref. = reference.
*Model was run only with people with a positive RNA test. Those who did not initiate treatment were censored at date of death, 10 years after date of last contact with the health care 
system or on Dec. 31, 2018, whichever occurred first. The model was run with 2675 people and consisted of 973 events (including backfilled treatment people) and 1702 people 
censored. In total, the model had 10 degrees of freedom. The proportional hazards assumption was checked for each model covariate using time-to-event curves and weighted 
Schoenfeld residuals (at a threshold of p < 0.05) and no variables violated the assumption. 
†ADG score was derived using the John Hopkins ACG system.



Re
se

ar
ch

E510 CMAJ  |  April 11, 2023  |  Volume 195  |  Issue 14 

HCV infection and the historical and ongoing injustices faced by 
Indigenous Peoples.53 The successful engagement in HCV RNA 
testing and shorter median time to treatment among those 
who resided within rather than outside of First Nations com-
munities may demonstrate how community attachment, cul-
tural continuity and social supports promote resilience and 
improve quality of life after HCV diagnosis.3,13,54,55

Limitations
Health administrative data have limitations in capturing 
sociocultural factors and the complex relationships between 
social determinants of health and HCV among First Nations 
peoples. The Indian Registry data set at ICES includes Status 
First Nations peoples who are registered with the Canadian 
federal government under the Indian Act as of 2014.20 There-
fore, it has incomplete enumeration after 2013 and includes 
no people who registered after 2014.20 However, registration 
often occurs at birth20 and clinically recognized HCV infection 
is rare in children.56 Thus, we hypothesize that these missing 
records would not greatly change our findings. Census esti-
mates show that 151 210 people in Ontario identified as First 
Nations with Registered or Treaty status in 2016.57 In compari-
son, at the midpoint (July) of 2018, we observed 164 711 Status 
First Nations peoples alive and in the province. Census esti-
mates are generally lower than actual numbers because of 
people who decline participation or communities being 
incompletely enumerated.20

The Indian Registry data set was linked to the RPDB at ICES, 
with a linkage rate by year of registration ranging from 63% to 
95% and accuracy ranging from 77% to 83%.20 In addition to 
 people who were not included owing to imperfect data linkage, 
Ontario is home to 85 475 nonregistered First Nations peoples (as 
of Census 2016 estimates),57 and Inuit and Métis peoples; thus, 
this research does not represent the impact of HCV on In digen-
ous Peoples overall. We did not obtain permission from Kenora 
Chiefs Advisory to include information about members of their 
communities, which represent 9 of the 133 First Nations com-
munities in Ontario.58

We relied on annual postal and residence codes to determine 
LHIN and community residence, which may have led to some 
misclassification.18,19 Dichotomizing residence as within or out-
side of First Nations communities does not express the vast 
diversity of these communities across Ontario.

Laboratory data from Public Health Ontario do not include 
results from commercial or private laboratories. ICES data hold-
ings do not include records from the NIHB program, which pro-
vides drug coverage and federal or band-funded health services 
(Appendix 5).59 To account for these data limitations, we used 
patterns of HCV RNA testing and other assumptions to backfill 
stages in the cascade of care.

Because HCV infection can remain asymptomatic until 
advanced liver disease develops, a limitation of starting our 
analysis with the stage of testing positive for HCV antibody in 
the continuum of care is that we are unable to comment on the 
true prevalence of infection and potential gaps in the reach of 
HCV antibody testing and screening among the population.

Conclusion
We identified progress and gaps in HCV care among Status First 
Nations peoples in Ontario. Although progress has been made 
with the availability of DAA treatments, substantial gaps remain 
in treatment initiation. Culturally relevant interpretations of the 
HCV cascade of care can provide data to guide community and 
policy action that is grounded in First Nations determinants of 
health and considers the impact of social and structural barriers 
to accessing health care services. These data provide the oppor-
tunity to partner with First Nations decision-makers and health 
leaders to co-create elimination efforts that include both clinical 
and nonclinical approaches to prioritize engaging people in HCV 
testing and care.

References
 1. Kwong JC, Crowcroft NS, Campitelli MA, et al.; Ontario Burden of Infectious Dis-

ease Study Advisory Group. Ontario Burden of Infectious Disease Study 
(ONBOIDS): An OAHPP/ICES Report. Toronto: Ontario Agency for Health Protec-
tion and Promotion, Institute for Clinical Evaluative Sciences; 2010.

 2. Cornberg M, Manns MP. The curing regimens of HCV: a SWOT analysis. Antivir Ther 
2022;27:13596535211072672.

 3. Pearce ME, Jongbloed K, Demerais L, et al. “Another thing to live for”: support-
ing HCV treatment and cure among Indigenous people impacted by substance 
use in Canadian cities. Int J Drug Policy 2019;74:52-61.

 4. Mendlowitz A, Bremner KE, Walker JD, et al. Health care costs associated with 
hepatitis C virus infection in First Nations populations in Ontario: a retrospect-
ive matched cohort study. CMAJ Open 2021;9:E897-906.

 5. Mendlowitz A, Bremner KE, Walker JD, et al. Hepatitis C virus infection in First 
Nations populations in Ontario from 2006 to 2014: a population-based retro-
spective cohort analysis. CMAJ Open 2021;9:E886-96.

 6. Williams AR, Nunes EV, Bisaga A, et al. Development of a cascade of care for 
responding to the opioid epidemic. Am J Drug Alcohol Abuse 2019;45:1-10.

 7. Janjua NZ, Kuo M, Yu A, et al. The population level cascade of care for hepa-
titis C in British Columbia, Canada: the BC Hepatitis Testers Cohort (BC-HTC). 
EBioMedicine 2016;12:189-95.

 8. Lourenço L, Colley G, Nosyk B, et al. High levels of heterogeneity in the HIV cas-
cade of care across different population subgroups in British Columbia, Canada. 
PLoS One 2014;9:e115277.

 9. Kerkerian G, Kestler M, Carter A, et al. Attrition across the HIV cascade of care 
among a diverse cohort of women living with HIV in Canada. J Acquir Immune 
Defic Syndr 2018;79:226-36.

10. Global Hepatitis Report 2017. Geneva: World Health Organization; 2017. Avail-
able: http://apps.who.int/iris/bitstream/10665/255016/1/9789241565455-eng.
pdf?ua=1 (accessed 2018 Apr. 25). 

11. Blueprint to inform hepatitis C elimination efforts in Canada. Montréal: The 
Canadian Network on Hepatitis C Blueprint Writing Committee and Working 
Groups; 2019. Available: https://www.canhepc.ca/sites/default/files/media/
documents/blueprint_hcv_2019_05.pdf (accessed 2021 July 17).

12. McClarty LM, Blanchard JF, Becker ML. Leaving no one behind? An equity 
analy sis of the HIV care cascade among a cohort of people living with HIV in 
Manitoba, Canada. BMC Public Health 2021;21:281.

13. Mendlowitz AB, Bremner KE, Feld JJ, et al. Lessons from First Nations partner-
ships in hepatitis C research and the co-creation of knowledge. Can Liver J 2022 
Sep 6;e20220011.

14. Panel on Research Ethics. Chapter 9: Research Involving the First Nations, 
Inuit and Métis Peoples of Canada. In: Tri-Council Policy Statement: Ethical 
Conduct for Research Involving Humans – TCPS 2 (2018). Ottawa: Government 
of Canada; 2019. Available: https://ethics.gc.ca/eng/tcps2-eptc2_2018_chapter9 
-chapitre9.html (accessed 2022 Mar. 29). 

15. The First Nations Principles of OCAP. Ottawa: First Nations Information Gov-
ernance Centre; 2019. Available: https://fnigc.ca/ocap-training/ (accessed 2019 
Feb. 20).



Research

 CMAJ  |  April 11, 2023  |  Volume 195  |  Issue 14 E511

16. Access and Possession (OCAPTM): The Path to First Nations Information Gov-
ernance. Ottawa: First Nations Information Governance Center (FNIGC); 2014. 
Available: https://achh.ca/wp-content/uploads/2018/07/OCAP_FNIGC.pdf 
(accessed 2019 Feb. 20).

17. Benchimol EI, Smeeth L, Guttmann A, et al. The REporting of studies Conducted 
using Observational Routinely-collected health Data (RECORD) Statement. 
PLoS Med 2015;12:e1001885.

18. Walker JD, Slater M, Jones CR, et al. Diabetes prevalence, incidence and mor-
tality in First Nations and other people in Ontario, 1995–2014: a population-
based study using linked administrative data. CMAJ 2020;192:E128-35.

19. Slater M, Green ME, Shah B, et al. First Nations people with diabetes in Ontario: 
methods for a longitudinal population-based cohort study. CMAJ Open 2019; 
7:E680-8.

20. Walker JD, Pyper E, Jones CR, et al. Unlocking First Nations health information 
through data linkage. Int J Popul Data Sci 2018;3:450.

21. Walker JD, Slater M, Jones CR, et al. Diabetes prevalence, incidence and mor-
tality in First Nations and other people in Ontario, 1995–2014: a population-
based study using linked administrative data. CMAJ 2020;192:E128-35.

22. Shah BR, Slater M, Frymire E, et al. Use of the health care system by Ontario 
First Nations people with diabetes: a population-based study. CMAJ Open 
2020;8:E313-8.

23. Non-Insured Health Benefits. First Nations and Inuit Health Branch: Drug Benefit 
List. Ottawa: Indigenous Services Canada; 2020. Available: https://www.sac-isc.
gc.ca/DAM/DAM-ISC-SAC/DAM-HLTH/STAGING/texte-text/nihb_benefits-services 
_drugs_dbl-index_1573154657223_eng.pdf (accessed 2022 Mar. 3).

24. Beckett M, Firestone MA, McKnight CD, et al. A cross-sectional analysis of the 
relationship between diabetes and health access barriers in an urban First 
Nations population in Canada. BMJ Open 2018;8:e018272.

25. First Nations and Inuit Health Branch. Non-Insured Health Benefits Pro-
gram: Annual Report 2017-2018. Ottawa: Indigenous Services Canada; 2021. 
Available: https://www.sac-isc.gc.ca/eng/1581294869253/1581294905909 
(accessed 2023 Jan. 3).

26. Konstantelos N, Shakeri A, McCormack D, et al. Regional differences in access 
to direct-acting antiviral treatments for hepatitis C across Ontario: a cross-
sectional study. Can Commun Dis Rep 2022;48:179-80.

27. Schanzer D, Pogany L, Aho J, et al. Impact of availability of direct-acting anti-
virals for hepatitis C on Canadian hospitalization rates, 2012–2016. Can Com-
mun Dis Rep 2018;44:150-6.

28. Tadrous M, Mason K, Dodd Z, et al. Prescribing trends in direct-acting antivirals 
for the treatment of hepatitis C in Ontario, Canada. Can Liver J 2021;4:51-8.

29. Philip G, Djerboua M, Carlone D, et al. Validation of a hierarchical algorithm to 
define chronic liver disease and cirrhosis etiology in administrative healthcare 
data. PLoS One 2020;15:e0229218.

30. Bartlett SR, Yu A, Chapinal N, et al. The population level care cascade for hepa-
titis C in British Columbia, Canada as of 2018: impact of direct acting antivirals. 
Liver Int 2019;39:2261-72.

31. Minosse C, Gruber CEM, Rueca M, et al. Late relapse and reinfection in HCV 
patients treated with direct-acting antiviral (DAA) drugs. Viruses 2021;13:1151.

32. Sherman M, Shafran S, Burak K, et al. Management of chronic hepatitis C: consen-
sus guidelines. Can J Gastroenterol 2007;21(Suppl C):25C-34C. 

33. Wilton J, Wong S, Yu A, et al. Real-world effectiveness of sofosbuvir/velpatasvir 
for treatment of chronic hepatitis C in British Columbia, Canada: a population-
based cohort study. Open Forum Infect Diseases 2020;7:ofaa055.

34. Shah HA, Heathcote J, Feld JJ. A Canadian screening program for hepatitis C: 
Is now the time? CMAJ 2013;185:1325-8.

35. Rosenberg SD, Goodman LA, Osher FC, et al. Prevalence of HIV, hepatitis B, and 
hepatitis C in people with severe mental illness. Am J Public Health 2001;91: 
31-7.

36. Loftis JM, Matthews AM, Hauser P. Psychiatric and substance use disorders in 
individuals with hepatitis C. Drugs 2006;66:155-74.

37. MHASEF Research Team. Mental health and addictions system performance in 
ontario: a baseline scorecard. Toronto: Institute for Clinical Evaluative Sciences; 
2018. Available: https://www.ices.on.ca/Publications/Atlases-and -Reports 
/2018/MHASEF (accessed 2021 June 17). 

38. Lapointe-Shaw L, Georgie F, Carlone D, et al. Identifying cirrhosis, decompen-
sated cirrhosis and hepatocellular carcinoma in health administrative data: a 
validation study. PLoS One 2018;13:e0201120.

39. Johns Hopkins ACG® System. Baltimore (MD): Johns Hopkins Medicine. Avail-
able: https://www.hopkinsacg.org/ (accessed 2019 Feb. 7). 

40. Le-Rademacher J, Wang X. Time-to-event data: an overview and analysis con-
siderations. J Thorac Oncol 2021;16:1067-74.

41. Austin PC. A tutorial on multilevel survival analysis: methods, models and 
applications. Int Stat Rev 2017;85:185-203.

42. Lourenço L, Kelly M, Tarasuk J, et al. The hepatitis C epidemic in Canada: an 
overview of recent trends in surveillance, injection drug use, harm reduction 
and treatment. Can Commun Dis Rep 2021;47:561-70.

43. Jongbloed K, Pooyak S, Sharma R, et al. Experiences of the HIV cascade of 
care among Indigenous Peoples: a systematic review. AIDS Behav 2019;23: 
984-1003.

44. Turpel-Lafond ME, Johnson H. In plain sight: addressing Indigenous-specific 
racism and discrimination in BC health care. Vancouver: British Columbia 
Minister of Health; 2020. Available: https://engage.gov.bc.ca/app/uploads 
/sites/613/2020/11/In-Plain-Sight-Summary-Report.pdf (accessed 2022 
Apr. 17).

45. Gordon J, Bocking N, Pouteau K, et al. First Nations hepatitis C virus infections: 
six-year retrospective study of on-reserve rates of newly reported infections in 
northwestern Ontario. Can Fam Physician 2017;63:e488-94.

46. Reading CL, Wien F. Health inequalities and social determinants of Aboriginal 
peoples’ health. Prince George (BC): National Collaborating Centre for Aboriginal 
Health; 2009.

47. Martens PJ, Sanderson D, Jebamani L. Health services use of Manitoba First 
Nations people. Can J Public Health 2005;96:S39-44.

48. MacMillan HL, Walsh CA, Jamieson E, et al. The Health of Ontario First Nations 
People: results from the Ontario First Nations Regional Health Survey. Can J 
Public Health 2003;94:168-72.

49. Pearce ME, Jongbloed K, Demerais L, et al. “Another thing to live for”: Support-
ing HCV treatment and cure among Indigenous people impacted by substance 
use in Canadian cities. Int J Drug Policy 2019;74:52-61.

50. Wylie L, McConkey S, Corrado AM. It’s a journey not a check box: Indigenous 
cultural safety from training to transformation. Int J Indig Health 2021;16. 
Available: https://jps.library.utoronto.ca/index.php/ijih/article/view/33240 
(accessed 2022 Nov. 16).

51. Pandey M, Konrad S, Reed N, et al. Liver health events: an indigenous 
community -led model to enhance HCV screening and linkage to care. Health 
Promot Int 2022;37:daab074.

52. Taylor LE. Colocalization in hepatitis C virus infection care: the role of opioid 
agonist therapy clinics. Clin Liver Dis (Hoboken) 2020;16:12-5.

53. Pearce ME, Jongbloed KA, Richardson CG, et al. The Cedar Project: resilience in 
the face of HIV vulnerability within a cohort study involving young Indigenous 
people who use drugs in three Canadian cities. BMC Public Health 2015; 
15:1095.

54. Brener L, Wilson H, Jackson LC, et al. The role of Aboriginal community attach-
ment in promoting lifestyle changes after hepatitis C diagnosis. Health Psychol 
Open 2015;2:2055102915601581. doi: 10.1177/2055102915601581.

55. Auger MD. Cultural continuity as a determinant of Indigenous Peoples’ health: 
a metasynthesis of qualitative research in Canada and the United States. Int 
Indig Policy J 2016;7. Available: https://ojs.lib.uwo.ca/index.php/iipj/article/
view/7500 (accessed 2021 Apr. 17).

56. Greenaway E, Biondi MJ, Feld JJ, et al. Hepatitis C virus infection in mothers 
and children. Can Liver J 2019;2:210-24.

57. Focus on Geography Series, 2016 Census. Data products, 2016 Census. Ottawa: 
Statistics Canada; 2017. Cat. no. 98-404-X2016001.

58. About the Kenora Chiefs Advisory. Kenora (ON): Kenora Chiefs Advisory. Avail-
able: https://www.kenorachiefs.org/about-us/ (accessed 2022 Apr. 6).

59. About the Non-Insured Health Benefits program. Ottwa: Indigenous Services 
Canada; 2019. Available: https://www.sac-isc.gc.ca/eng/1576790320164 
/1576790364553 (accessed 2022 Mar. 3).



Re
se

ar
ch

E512 CMAJ  |  April 11, 2023  |  Volume 195  |  Issue 14 

Competing interests: William Wong and Murray Krahn have received 
research support from the Canadian Liver Foundation. Beate Sander re-
ports travel support from the Canadian Network on Hepatitis C. Jordan 
Feld has received research support or consulting fees from Abbvie, 
Enanta and Gilead, and is past president of the Canadian Association 
for the Study of the Liver.

This article has been peer reviewed.

Affiliations: Toronto Centre for Liver Disease/Viral Hepatitis Care Net-
work (VIRCAN) (Mendlowitz, Feld), University Health Network; Toronto 
Health Economics and Technology Assessment (THETA) Collaborative 
(Mendlowitz, Bremner, Krahn, Wong, Sander, Isaranuwatchai), Univer-
sity Health Network; ICES (Mendlowitz, Krahn, Walker, Wong, Sander); 
Institute of Health Policy, Management and Evaluation (Krahn, Sander, 
Isaranuwatchai), University of Toronto, Toronto, Ont.; Faculty of Health 
Sciences (Walker), McMaster University, Hamilton, Ont.; School of Phar-
macy (Wong), University of Waterloo, Waterloo, Ont.; Public Health 
Ontario (Sander), Toronto, Ont.; Ontario First Nations HIV/AIDS Educa-
tion Circle (OFNHAEC) (Jones), London, Ont.; St. Michael’s Hospital, 
Unity Health Toronto (Isaranuwatchai), Toronto, Ont.

Contributors: Andrew Mendlowitz, Murray Krahn, Jennifer Walker, 
Lyndia Jones and Jordan Feld contributed to the conceptualization and 
design of the study. Andrew Mendlowitz, Karen Bremner, Lyndia Jones 
and Jordan Feld contributed to the formal analysis. All of the authors 
contributed to interpretation of study results. Andrew Mendlowitz 
drafted the manuscript. All of the authors revised it critically for import-
ant intellectual content, gave final approval of the version to be pub-
lished and agreed to be accountable for all aspects of the work.

*Dr. Murray Krahn passed away on July 1, 2022, during preparation of 
this manuscript for publication.

Content licence: This is an Open Access article distributed in accordance 
with the terms of the Creative Commons Attribution (CC BY-NC-ND 4.0) 
licence, which permits use, distribution and reproduction in any medium, 
provided that the original publication is properly cited, the use is non-
commercial (i.e., research or educational use), and no modifications or 
adaptations are made. See: https://creativecommons.org/licenses/
by-nc-nd/4.0/

Funding: This study was funded by a Canadian Institutes of Health 
Research (CIHR) Project Grant (PJT 166039). This work was also 
undertaken, in part, thanks to funding from the Canada Research 
Chairs program to Murray Krahn, Jennifer Walker and Beate Sander, 
and an Ontario Early Researcher Award to William Wong. Andrew 
Mendlowitz received postdoctoral fellowships from the Canadian 

Network on Hepatitis C (CanHepC) and the CIHR; CanHepC is funded 
by a joint initiative of the CIHR (NPC-178912) and the Public Health 
Agency of Canada.

Data sharing: The data set from this study is held securely in coded 
form at ICES. While legal data sharing agreements between ICES and 
data providers (e.g., health care organizations and government) pro-
hibit ICES from making the data set publicly available, access may be 
granted to those who meet prespecified criteria for confidential access, 
available at www.ices.on.ca/DAS (email: das@ices.on.ca). The full data 
set creation plan and underlying analytic code are available from the 
authors upon request, understanding that the computer programs may 
rely upon coding templates or macros that are unique to ICES and are 
therefore either inaccessible or may require modification.

Acknowledgements: The authors thank the Ontario First Nations HIV/
AIDS Education Circle (OFNHAEC) and its members for their partnership 
and insightful comments and thoughtful input throughout this study. 
They also acknowledge OFNHAEC for their input, permission and guid-
ance in the final dissemination of this project. The authors thank Susan 
Schultz for developing the methodology to identify First Nations com-
munity residence status, and Christina Diong and Aysegul Erman for 
guidance on the analyses.

Disclaimer: This study was supported by ICES, which is funded by an 
annual grant from the Ontario Ministry of Health (MOH) and Ministry of 
Long-Term Care (MLTC). This document used data adapted from the 
Statistics Canada Postal Code Conversion File, which is based on data 
licensed from Canada Post Corporation and/or data adapted from the 
Ontario MOH Postal Code Conversion File, which contains data copied 
under license from Canada Post Corporation and Statistics Canada. Parts 
of this material are based on data and/or information compiled and 
provided by the Canadian Institute for Health Information, Ontario MOH, 
Statistics Canada, Ontario Health and the Ontario Registrar General 
(ORG). The analyses, conclusions, opinions and statements expressed 
herein are solely those of the authors and do not reflect those of the 
funding or data sources; no endorsement is intended or should be 
inferred. The authors thank IQVIA Solutions Canada Inc. for use of their 
Drug Information File. Parts of this report are based on ORG information 
on deaths, the original source of which is ServiceOntario. The views 
expressed therein are those of the author and do not necessarily reflect 
those of ORG or the Ministry of Public and Business Service Delivery.

Accepted: Feb. 3, 2023 

Correspondence to: Andrew Mendlowitz,  
andrew.mendlowitz@mail.utoronto.ca


