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Background.  Hepatitis C virus (HCV), hepatitis B virus (HBV), and human immunodeficiency virus (HIV) infections are asso-
ciated with significant mortality globally and in North America. However, data on impact of concurrent multiple infections on mor-
tality risk are limited. We evaluated the effect of HCV, HBV, and HIV infections and coinfections and associated factors on all-cause 
mortality in British Columbia (BC), Canada.

Methods.  The BC Hepatitis Testers Cohort includes ~1.7 million individuals tested for HCV or HIV, or reported as a case of HCV, HIV, 
or HBV from 1990 to 2015, linked to administrative databases. We followed people with HCV, HBV, or HIV monoinfection, coinfections, 
and triple infections from their negative status to date of death or December 31, 2016. Extended Cox proportional hazards regression was 
used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for factors associated with all-cause mortality.

Results.  Of 658 704 individuals tested for HCV, HBV, and HIV, there were 33 804 (5.13%) deaths. In multivariable Cox regression 
analysis, individuals with HCV/HBV/HIV (HR, 8.9; 95% CI, 8.2–9.7) infections had the highest risk of mortality followed by HCV/HIV 
(HR, 4.8; 95% CI, 4.4–5.1), HBV/HIV (HR, 4.1; 95% CI, 3.5–4.8), HCV/HBV (HR, 3.9; 95% CI, 3.7–4.2), HCV (HR, 2.6; 95% CI, 2.6–2.7), 
HBV (HR, 2.2; 95% CI, 2.0–2.3), and HIV (HR, 1.6; 95% CI, 1.5–1.7). Additional factors associated with mortality included injection drug 
use, problematic alcohol use, material deprivation, diabetes, chronic kidney disease, heart failure, and hypertension.

Conclusions.  Concurrent multiple infections are associated with high mortality risk. Substance use, comorbidities, and material 
disadvantage were significantly associated with mortality independent of coinfection. Preventive interventions, including harm re-
duction combined with coinfection treatments, can significantly reduce mortality.

Keywords.   all-cause mortality; coinfections; observational cohort; syndemics.

Globally, hepatitis C virus (HCV), hepatitis B virus (HBV), and 
human immunodeficiency virus (HIV) are major public health 
issues with approximately 71 million individuals with HCV, 
257 million with HBV [1], and 36.9 million people with HIV 
[2]. In Canada, an estimated 230 000–450 000 individuals are 
infected with HCV [3], approximately 75  500 have HIV, and 
285 000 have HBV [4, 5]. Independently, HCV, HIV, and HBV 

infections are associated with significant morbidity and mor-
tality [6–8]. These viruses share common transmission routes 
and predisposing vulnerabilities to infection; therefore, co-oc-
currence of these infections is relatively high. Material and so-
cial deprivation, social vulnerabilities, and/or other conditions 
(eg, addictions, mental illness, tuberculosis [TB]) are common 
in those with HCV, HBV, and/or HIV [9, 10].

The interaction among HCV, HBV, and HIV infections is 
therefore likely driven by shared underlying socioeconomic, 
environmental, and political conditions, which increase the 
morbidity and mortality related to these infections. Population-
level clustering of social and health conditions constitutes a 
“syndemic” [11], which enhances the adverse consequences of 
HIV, HCV, and HBV infections. Vulnerable and underserved 
populations, such as people who inject drugs (PWID) and 
gay, bisexual, and other men who have sex with men, immi-
grants, and indigenous populations, are disproportionately 
affected by HIV, HCV, and HBV [9, 12–14]. Estimating the 
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population-level impact of HIV-, HCV-, and HBV-associated 
syndemics on mortality would help in designing and evaluating 
programs and interventions to prevent and reduce syndemic-
related morbidity and mortality.

Previous research on mortality associated with HIV, HCV, 
and HBV coinfections has relied on smaller clinical cohorts 
[15] and individuals that are either HIV or HCV positive [16, 
17]. Studies did not take into account important factors, such as 
ethnicity, alcohol use, socioeconomic status, and chronic con-
ditions and their relation with all-cause mortality [16]. None of 
the studies evaluated the transition of infection status from no 
infection to coinfection and triple infection and its impact on 
all-cause mortality.

We aimed to address knowledge gaps and limitations iden-
tified in previous research by analyzing the British Columbia 
Hepatitis Testers Cohort, a large population-based cohort, 
with up-to-date information on HIV, HCV, and HCV infec-
tions, concomitant risk factors, and mortality. We have pre-
viously reported factors associated with HIV, HCV, and HBV 
syndemics [9, 10]. In this study, we document the impact of 
these syndemics, comorbid conditions, and substance use on 
mortality. We evaluated the effect of HIV, HCV, and HBV infec-
tions, coinfections, and associated factors on all-cause mortality 
among British Columbians since 1990.

METHODS

The British Columbia Hepatitis Testers Cohort (BC-HTC) in-
cludes all individuals (~1.7 million individuals) tested for HCV 
or HIV at the BCCDC Public Health Laboratory (BCCDC-
PHL) or reported as a confirmed case of HCV, HBV, HIV, or 
acquired immunodeficiency syndrome (AIDS), or active TB, 
since 1990. This cohort is linked with provincial healthcare 
administrative databases and registries, including medical 
visits, hospitalizations, prescription drugs, cancers, and deaths 
(Supplementary Table 1). Almost all HIV and HCV testing in 
BC is performed at the BCCDC-PHL. All dispensed prescrip-
tions in BC are recorded in a central system called PharmaNet, 
regardless of the payer. Detailed cohort characteristics and re-
lated data are presented elsewhere [18].

Definitions

An individual testing positive for HCV antibodies, HCV RNA, 
or genotype or who was reported as an HCV case to public 
health was considered as an HCV case [18]. Of the 42 187 cases 
of HCV that were tested for all 3 infections, there were 36 820 
cases who were HCV antibody positive only (data not shown). 
An individual reported as a case of HIV/AIDS, or who had a 
positive HIV laboratory test result, was considered a case. 
Additional HIV cases were ascertained through a validated al-
gorithm based on 2 medical visits or 1 hospitalization of a con-
dition associated with HIV/AIDS [18]. Hepatitis B virus cases 

included individuals with positive laboratory tests for HBV de-
oxyribonucleic acid or hepatitis B surface antigen, those who re-
ceived treatment for HBV, or individuals reported as HBV cases 
in the BC provincial registry (Supplementary Table 2). Active 
TB diagnoses were based on provincial and national guide-
lines [18]. Socioeconomic status was assessed using the Québec 
Index of Material and Social Deprivation, which is based on 
Canadian Census Data on small area units [9]. The deprivation 
index includes 6 indicators grouped along social and material 
dimensions and are produced from principal component ana-
lyses [19]. The material component consisted of indicators for 
education, employment, and income (persons without high 
school diploma, ratio employment-population ratio, and av-
erage personal income), whereas the social component com-
prised indicators related to marital status and family structure 
(persons living alone, persons separated, divorced or widowed, 
and single-parent families). Assessment of injection drug use 
(IDU) and problematic alcohol use was based on diagnostic 
codes (Supplementary Table 1) for medical visits and hospital-
izations in respective databases. Ethnicity was classified on the 
basis of validated name recognition software Onomap, as re-
ported previously [20]. The algorithm has high sensitivity and 
specificity for South Asian and East Asian peoples, with the ex-
ception of Filipinos. It may misclassify many ethnic groups, in-
cluding people who would describe themselves as having mixed 
ethnicity, people whose surnames are not specific to an ethnic 
group, and people who adopt surnames of another ethnic group 
[21]. Onomap does not identify people with Indigenous eth-
nicity. Due to legislated forced assimilation in Canada during the 
18th–20th centuries, Indigenous peoples’ names were routinely 
changed to biblical or other European names [22]. Thus, people 
of European ancestry and those with similar names were clas-
sified as Other in our study. Ethnicity was categorized as South 
Asian (eg, Pakistani, Indians, Bangladeshis, Nepali, and Sri 
Lankans), East Asian (eg, Chinese, Filipinos, Japanese, Korean 
and people from other South-East Asian countries), and Other 
(including Caucasian, Black individuals and people from Central 
Asian, Latin American, Pacific Islander, people of European an-
cestry and those with similar names, and West Asian countries).

Diabetes, chronic kidney disease, heart failure, and hyper-
tension were assessed using (1) a combination of International 
Classification of Diseases (ICD) diagnostic or procedure codes 
or (2) fee item codes from medical visits, hospital admis-
sions, or prescription database, based on the British Columbia 
Chronic Disease Registry definitions (Supplementary Table 2). 
All-cause mortality was ascertained by using the ICD-10 codes 
(A00–R99; V01–Y99).

Statistical Analysis

For this analysis, study population included individuals that 
were tested for all 3 infections (HCV, HBV, and HIV). Individuals 
tested for 1 or 2 infections, but not all 3, were excluded from 
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the cohort. The study population (n = 658 704) was classified 
as those who tested negative for HCV, HBV, and HIV infections 
(negative group), tested positive for HCV, but negative for HBV 
and HIV (HCV monoinfected), tested positive for HBV, but 
negative for HCV and HIV (HBV monoinfected), tested positive 
for HIV, but negative for HCV and HBV (HIV monoinfected), 
tested positive for HCV and HBV, but negative for HIV (HCV/
HBV coinfected), tested positive for HCV and HIV, but nega-
tive for HBV (HCV/HIV coinfected), tested positive for HBV 
and HIV, but negative for HCV (HBV/HIV coinfected), and 
tested positive for all 3 infections (HCV/HBV/HIV triple infec-
tion). A time updated variable for infection groups was created 
to account for transition from no infection (negative group) to 
first, second, and third infection, respectively. This enabled us 
to account for the time spent in each infection group (negative, 
monoinfected, coinfected, or with triple infections).

We followed people with HCV, HBV, or HIV monoinfection, 
coinfections, and triple infections from their first negative test 
status to date of death or December 31, 2016 to estimate mor-
tality rates. The Kaplan-Meier method was used to construct 
survival curves for infection groups. For comparison of survival 
curves, the log-rank test was used. Extended Cox proportional 
hazards regression was used to estimate hazard ratios (HRs) 
and 95% confidence intervals (CIs) for factors associated with 
all-cause mortality. All analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC).

Patient Consent Statement

Data linkage to establish the BC-HTC was performed under the 
auspices of the BCCDC’s public health mandate. The study was 
approved by Behavioral Research Ethics Board (H15-01776) at 
the University of British Columbia.

RESULTS

Of 658 704 individuals tested for HCV, HBV, HIV infections, 
there were 33  804 (5.13%) deaths during the study interval. 
Of these 658  704 individuals, 596  079 (90.5%) were negative 
for all infections, 34  807 (5.3%) were HCV monoinfected, 
14 913 (2.3%) were HBV monoinfected, 4846 (0.8) were HIV 
monoinfected, 3472 (0.5%) were positive for both HCV and 
HBV (HCV/HBV coinfected), 2668 (0.4%) were positive for 
both HCV and HIV (HCV/HIV coinfected), 679 (0.1%) were 
positive for both HBV and HIV (HBV/HIV coinfected) and 
1240 (0.2) were positive for all 3 infections (HCV/HBV/HIV 
triple infection). The majority of individuals in all infection 
groups were male, with the highest proportion among individ-
uals with HBV/HIV coinfection (90.4%). Almost all infections 
and co-/triple infections were higher among Other ethnicity 
than other ethnicities, except HBV monoinfection, which was 
highest among East Asians (52.9%) (Table 1). Most of the in-
fections were in individuals aged over 45  years, except HIV 

monoinfection (32.2%), HCV/HIV coinfection (38.4%), and 
HCV/HBV/HIV triple infection (38.8%), which were higher 
among the 35 to 44 age group. Among infection groups, IDU 
was highest among individuals with triple infection (84.0%), 
followed by HCV/HIV coinfection (68.7%), HCV/HBV 
coinfection (56.5%), and HCV monoinfection (41.6%). A sim-
ilar trend was observed for problematic alcohol use (Table 1). 
Regarding chronic diseases, a higher proportion of type 2 
diabetes was found among HCV/HBV-coinfected individ-
uals (11.3%), followed by those with HBV/HIV coinfections 
(8.1%), and HCV monoinfection (7.9%). A higher proportion 
of chronic kidney disease was observed among individuals 
with triple infection (13.2%), HBV/HIV coinfection (11.5%), 
and HCV/HBV coinfection (9.8%), whereas hypertension 
was highest among individuals with HCV/HBV coinfections 
(26.4%), followed by HCV monoinfection (25.2%) and HBV/
HIV coinfections (23.4%). Almost all groups had higher pro-
portions living in socially and materially deprived areas (Q5 vs 
Q1), except individuals with HIV monoinfection, who were less 
materially deprived than the rest of the groups (Table 1).

The highest crude all-cause mortality rate per 1000 person-
years was observed among individuals with HCV/HBV/HIV 
triple infection (31.3; 95% CI, 28.9–33.9), followed by HCV/
HBV (19.4; 95% CI, 18.3–20.6), HCV/HIV (19.2; 95% CI, 
18.0–20.6), and HBV/HIV coinfections (15.6; 95% CI, 13.3–
18.2), and HCV (12.1; 95% CI, 11.8–12.4), HIV (6.7; 95% 
CI, 6.1–7.3), and HBV monoinfection (5.1; 95% CI, 4.8–5.4) 
(Table  2). Mortality was higher among males than females. 
Regarding ethnicity, mortality was higher among Other eth-
nicity in the HCV monoinfection, HBV/HIV coinfection, 
and triple infection groups, whereas it was higher among 
South Asians for the HBV and HIV monoinfected and HCV/
HBV and HCV/HIV coinfected groups. Mortality was higher 
among all infection groups for people aged 45  years and 
above and highest for the triple infection group (35.2; 95% 
CI, 31.1–39.9). For IDU and problematic alcohol use, mor-
tality was highest among the triple infection group but lower 
among HBV-monoinfected for IDU and HIV-monoinfected 
for problematic alcohol use. Almost all infection groups had 
higher mortality with respect to diabetes and chronic kidney 
disease, except HIV-monoinfected, which had lower mor-
tality compared with the rest of the groups. A similar trend 
was noted for hypertension and heart failure. As expected, 
individuals living in more socially and materially deprived 
areas had higher mortality rates across all infection groups 
(Table 2). Survival in the triple infection group was lowest, 
followed by coinfections (HCV/HIV, HBV/HIV and HBV/
HIV) and HCV, HCV, and HBV monoinfections (Figure 1). 
For the negative group, the survival curve showed a gradual 
decrease in survival over time, whereas for the triple infection 
group, survival decreased sharply at approximately 5 years of 
follow-up time and followed the same pattern throughout. 
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A similar pattern was observed for coinfections; however, a 
decrease in survival was less severe than that in the triple 
infection group.

Multivariable extended Cox regression analysis demon-
strated that individuals with HCV/HBV/HIV infections (ad-
justed hazard ratio [aHR], 8.9; 95% CI, 8.2–9.7) had highest risk 
of mortality followed by HCV/HIV (aHR, 4.8; 95% CI, 4.4–5.1), 
HBV/HIV (aHR, 4.1; 95% CI, 3.5–4.8), HCV/HBV (aHR, 3.9; 
95% CI, 3.7–4.2), HCV (aHR, 2.6; 95% CI, 2.6–2.7), HBV (aHR, 
2.2; 95% CI, 2.0–2.3), and HIV (aHR, 1.6; 95% CI, 1.5–1.7). 
A higher risk of mortality was observed among males (aHR, 1.5; 
95% CI, 1.5–16), Other (ethnicity) (aHR, 1.6; 95% CI, 1.5–1.7), 
and people aged 45 years and above (aHR, 3.2; 95% CI, 3.0–3.4). 
Similarly, a higher risk of mortality was noted among individ-
uals with IDU and problematic alcohol use, with mortality risk 
higher among those with problematic alcohol use (1.6 vs 1.2). 
Regarding chronic conditions, individuals with heart failure 
had the highest risk of mortality followed by chronic kidney 
disease, diabetes, and hypertension (Table 3).

DISCUSSION

In this large population-based cohort, concurrent infection 
with HCV, HIV, and HBV was significantly associated with all-
cause mortality, compared with individuals who were negative 
for all infections. Similarly, coinfection with HBV and HIV was 
associated with reduced survival. We also found that risk of 
mortality increased with each transition from no infection, to 
single infection, coinfection, and triple infection. These find-
ings highlight the potential for highly effective drugs for HBV, 
HCV, and HIV in reducing overall mortality. The association 
of triple infection with increased all-cause mortality has been 
observed in other cohorts [16, 23]; however, these studies com-
pared coinfection/triple infection with a monoinfected group, 
such as HIV or HCV. In contrast, our study assessed mortality 
among any infection group compared with negative group. In 
our study, the risk of all-cause mortality was 9 times higher 
among HCV/HIV/HBV triple infected individuals compared 
with individuals with no infection. This is much higher than 
the UK CHIC cohort [16] (rate ratio, 2.29), which has data 
from HIV clinics across the United Kingdom and the China 
National Free Antiretroviral Treatment Program [23] (HR, 1.9) 
for HIV. All infection groups were associated with a higher risk 
of mortality; however, the lowest risk was observed in the HIV-
monoinfected group, possibly reflecting the impact of the HIV 
program in British Columbia, where HIV care and support, 
including antiretroviral treatment, is provided at no cost [24]. 
Individuals with HIV and HCV coinfection and those with 
HBV/HIV and HCV/HBV coinfection also had reduced sur-
vival, as reported previously by other studies [7, 25]; however, 
the magnitude of risk of mortality in the coinfection groups 
in our study was higher than most studies [16, 23], including 
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meta-analyses on HIV/HBV coinfection [26] and HIV/HCV 
coinfection [27]. This highlights the need to account for the 
transition from no infection to infection status in analysis to 
accurately estimate the incremental risk of mortality, which has 
not previously been in other studies [16, 23]. Our study dem-
onstrates the detrimental impact that each infection and subse-
quent coinfection plays with regards to mortality and the fact 
that the increased mortality is actually the result of both viral 
sequelae as well as behavioral activities that lead to infection 
acquisition [9]. This gradient in mortality risk by a number 
of infections highlights the potential impact of curing or sup-
pressing 1 or more of these infections in reducing mortality by 
highly effective curative HCV treatments and suppressive HBV 
and HIV treatments. However, impact of treatments on mor-
tality risk among people with multiple infections is not available 
yet and requires further studies. Therefore, morbidity and mor-
tality reductions will require both timely treatment of infection, 
as well as ancillary harm reduction initiatives such as opioid 

substitution therapy and mental health counseling, to prevent 
infection [28], reinfection [29], and coinfection [30].

Other ethnicity, which consisted of predominantly Caucasian 
ethnicity, was significantly associated with, and at a higher risk 
for, all-cause mortality compared with other ethnicities, similar 
to another study on HIV/HCV coinfected veterans [31]. This 
may be due to increased IDU, alcohol use, and risk of HCV/
HBV/HIV infection among Caucasians in the BC-HTC cohort, 
as reported previously [32]. This has important implications for 
public health interventions and health service delivery, which 
need to take into account the differential risk profiles of various 
ethnicities. We also found older age at diagnosis (>45 years) and 
IDU to be significantly associated with all-cause mortality, sim-
ilar to the UK CHIC study [16] and others [23]. In our cohort, 
problematic alcohol use was independently associated with an 
elevated risk of mortality, reflecting the underlying increased 
risk of liver disease and liver-related mortality even without 
HCV, HBV, or HIV infection. This shows that more efforts are 
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needed to reduce harms in PWID as well as address problem-
atic alcohol use irrespective of HCV, HBV, and HIV treatment.

Our study also documented increased mortality 
among individuals living in materially deprived areas, 
with an increasing risk for each quintile of deprivation. 
Socioeconomic indicators, such as poverty, are known to be 
associated with HCV mortality in the United States [33], and 
the relationship of socioeconomic disparity with HIV/AIDS 
mortality has been documented previously [34]. Individuals 
with low socioeconomic status face a multitude of barriers 
to treatment access, adherence, and continuum of care. The 
combination of socioeconomic disparity, syndemics, IDU, 
and problematic alcohol use within vulnerable populations 
lead to increased overall mortality [35].

Of note, individuals with any chronic condition had a higher 
risk of all-cause mortality; however, individuals with chronic 
kidney disease and heart failure had higher risk of mortality 
than those with diabetes and hypertension. A  study on vet-
erans with HIV infection and chronic kidney disease reported 
significantly higher mortality, which was more pronounced in 
individuals also coinfected with HCV [36]. A  higher risk of 
mortality among those with heart failure is also concerning, be-
cause studies have identified an increased risk of heart failure 
among HIV-positive individuals independent of a prior diag-
nosis of coronary heart disease [37]. This becomes important 
in the context of coinfection with HBV [16], and particularly 
HCV, which has a higher risk of extrahepatic manifestations, 
including cardiovascular diseases and chronic kidney disease, 
leading to an increased risk of morbidity and mortality [8]. 
Screening for related chronic conditions at the time of testing 
for HIV, HCV, and HBV infections, combined with appropriate 
care management of those condition(s), would likely con-
tribute to reduced morbidity and mortality among the affected 
populations.

To our knowledge, this is one of the largest study of HCV/
HIV/HBV triple infected individuals (n = 1240), which provides 
us with adequate power to elucidate the relationship of multiple 
infections to mortality with more precision. Furthermore, we 
evaluated the transition of infection status from no infection 
to coinfection and triple infection and its impact on mortality, 
which has not been done previously. We also assessed important 
factors related to mortality, such as ethnicity, alcohol use, and 
chronic conditions, which were not available in other studies 
[16, 23]. The purpose of our study was to assess all-cause mor-
tality and its determinants, particularly focusing on coinfection/
triple infection related mortality; therefore, we did not include 
liver- or drug-related mortality. It is likely that a proportion of 
all-cause mortality in our cohort is due to either drug- or liver-
related mortality. Hepatitis B virus and HCV infections mainly 
affect the liver, and a major proportion of mortality is expected 

Table 3.  Multivariable Cox Regression Analysis of Factors Associated 
With All-Cause Mortality Among HCV-, HBV-, and HIV-Coinfected 
Individuals in the BC Hepatitis Testers Cohort, 1990–2015

Variable All-Cause Mortality

 Crude HR 95% CI Adjusted HR 95% CI

Sex     

  Female 1  1  

  Male 2.31 2.26–2.36 1.52 1.49–1.56

Infection Groups     

  Negative 1  1  

  HCV monoinfected 3.69 3.59–3.79 2.65 2.57–2.73

  HBV monoinfected 1.60 1.50–1.71 2.15 2.01–2.29

  HIV monoinfected 1.95 1.78–2.14 1.59 1.45–1.74

  HCV/HBV 7.03 6.62–7.47 3.95 3.71–4.21

  HCV/HIV 6.77 6.31–7.26 4.77 4.43–5.13

  HBV/HIV 6.63 5.67–7.76 4.06 3.46–4.76

  HCV/HBV/HIV 15.03 13.86–16.29 8.92 8.20–9.71

Ethnicity     

  South Asian 1  1  

  Other 1.61 1.53–1.70 1.44 1.36–1.52

  East Asian 0.78 0.73–0.84 0.85 0.79–0.91

Age at Diagnosis     

  <25 1  1  

  25–34 0.81 0.76–0.87 0.80 0.74–0.85

  35–44 1.30 1.22–1.39 1.09 1.02–1.17

  >45 5.19 4.88–5.52 3.24 3.04–3.45

IDUa     

  No 1  1  

  Yes 2.50 2.44–2.56 1.25 1.21–1.29

Problematic Alcohol Usea     

  No 1  1  

  Yes 3.24 3.17–3.32 1.62 1.58–1.66

Active TBa     

  No 1  1  

  Yes 3.03 2.73–3.35 1.37 1.23–1.52

Diabetesa     

  No 1  1  

  Yes 6.201 6.05–6.36 1.66 1.62–1.71

Chronic Kidney Diseasea     

  No 1  1  

  Yes 7.67 7.49–7.86 2.30 2.23–2.37

Heart Failurea     

  No 1  1  

  Yes 11.09 10.82–11.38 2.87 2.78–2.96

Hypertensiona     

  No 1  1  

  Yes 3.86 3.78–3.94 1.26 1.22–1.29

Material Deprivation     

  Q1 (most privileged) 1  1  

  Q2 1.17 1.12–1.21 1.10 1.06–1.14

  Q3 1.32 1.27–1.37 1.22 1.17–1.26

  Q4 1.48 1.43–1.53 1.25 1.21–1.3

  Q5 (most deprived) 1.87 1.81–1.93 1.36 1.31–1.4

Abbreviations: BC, British Columbia; CI, confidence interval; HBV, hepatitis B virus; HCV, 
hepatitis C virus; HIV, human immunodeficiency virus; HR, hazard ratio; IDU, injection drug 
use; TB, tuberculosis.
aPast history of disease/risk factor.
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to be liver related. However, co-occurrence of HIV, HCV, and 
HBV is related to syndemic factors such as substance use and so-
cioeconomic marginalization [9, 10]; therefore, a significant pro-
portion of these people die from substance use-related causes in 
addition to extrahepatic manifestations as shown in our earlier 
work related to HCV [38, 39]. Within this context, all-cause 
mortality captures the overall effect of these infections. Further 
studies should investigate the relative contribution of various 
causes of mortality in people with concurrent infections.

Because assessment of potential risk factors for all-cause 
mortality was based on diagnostic codes, misclassification of 
some of these variables is possible. Because assessment of po-
tential risk factors (eg, alcohol use) was based on diagnostic 
codes, misclassification of these variables is possible. For ex-
ample, the diagnostic code for problematic alcohol use would 
only capture alcohol misuse, and the potential impact of low 
or moderate alcohol consumption on the risk of mortality 
cannot be ascertained. We were also unable to evaluate the ef-
fect of HIV treatment on all-cause mortality, because data on 
anti-retroviral therapy is not available in our cohort. We also 
did not include HBV and HCV therapy in our analysis, because 
our study objective did not aim to assess the impact of therapy 
on all-cause mortality. However, because treatment of HCV 
and HIV has been shown to reduce all-cause mortality [17, 40], 
this cohort can be used to evaluate the impact of scaling up of 
these treatments. In addition, the study period was largely in the 
early direct-acting antiviral (DAA era), so results now for HCV 
might be different. Furthermore, since the cohort for analysis 
was selected from individuals tested for all 3 infections, the es-
timated mortality risk among this population may not be repre-
sentative of the general population.

CONCLUSIONS

In conclusion, this is one of the largest studies reporting increased 
all-cause mortality among HCV, HBV, and HIV coinfected and 
triple infected individuals. Our findings indicate that Other eth-
nicity, IDU, problematic alcohol use, chronic conditions, and 
material disadvantage were significantly associated with all-
cause mortality. The increased mortality observed in our study 
highlights the need for preventive strategies and early screening, 
diagnosis, and management of HCV, HIV, and HBV infections. 
In addition, multidisease health screening for related chronic 
conditions, and colocation of services, particularly harm reduc-
tion and mental health services, would contribute to reducing 
mortality among the HCV, HBV, and HIV affected populations.
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