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ABSTRACT

Schizophrenia is a severe mental illness with important implications for morbidity and mortality. This
population-based cohort study examined the impact of schizophrenia diagnoses on all-cause mortality among
a sample of people living with HIV (PLHIV) and a 10% random sample of individuals living without HIV (HIV-)
in British Columbia (BC), through a data linkage between the BC Centre for Excellence in HIV/AIDS and Popula-
tion Data BC's data holdings. Schizophrenia diagnoses were identified via International Classification of Diseases
version 9 and version 10 codes. Age- and sex-adjusted all-cause mortality rates from January 1st, 1998 to Decem-
ber 31st, 2012 were calculated. Multivariable logistic models assessed (1) HIV status and mortality among indi-
viduals diagnosed with schizophrenia, (2) schizophrenia diagnosis and mortality among PLHIV, and
(3) correlates of mortality among PLHIV concurrently diagnosed with schizophrenia (HIV+/SZO+). From
1998 to 2012, 6.3% of those with HIV had a schizophrenia diagnosis, compared to 1.1% of those without HIV.
While significant declines in mortality rates were observed throughout the study period, mortality rates were
highest among HIV+/SZO+-. After adjustment for substance use disorder and age at baseline, HIV+/SZO+ had
a 2.64 times greater odds of mortality (95% confidence interval [CI] = 2.14-3.25) compared to HIV-/SZO+. For
PLHIV, a schizophrenia diagnosis was not associated with mortality after controlling for potential confounders
(adjusted odds ratio [aOR] = 0.90, 95%Cl = 0.74-1.09). Among HIV+/SZO+, age, history of injection drug use,
ever having an AIDS-defining illness, and never being on anti-psychotic medication or accessing psychiatric ser-
vices were associated with mortality. Efforts should be made to identify and link to care individuals dispropor-
tionately affected by schizophrenia and excess mortality, including those living with HIV.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

without a schizophrenia diagnosis (Brown et al., 2000; Stewart et al.,
1994). Moreover, individuals with serious mental health issues, includ-

Schizophrenia is a chronic mental illness that, when left untreated,
has been shown to impede daily functioning, increase morbidity, and
decrease life expectancy (Allebeck, 1989; Brown, 1997; Brown et al.,
2000). Individuals diagnosed with schizophrenia have been found to
have three to five times higher odds of mortality compared to those
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ing schizophrenia, are more likely than the general population to be
concurrently living with blood-borne illnesses, including HIV (Bauer-
Staeb et al., 2017; Prince et al., 2012; Stewart et al., 1994). This may in
part be due to increased rates of substance use among individuals
with severe mental illnesses (Helleberg et al., 2015; Prince et al.,
2012). Furthermore, despite improvements in HIV treatment and in-
creased life expectancy (Hogg et al,, 2017; Patterson et al., 2015; Samji
et al., 2013), people living with HIV (PLHIV) continue to experience
heightened mortality compared to those living without HIV (HIV-)
(Eyawo et al,, 2018).
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Living with schizophrenia presents multiple interacting challenges,
including societal and personal stigma and higher levels of substance
use, both of which influence HIV-risk and mortality (Brown, 1997;
Chander et al., 2012; Helleberg et al., 2015; Meade and Sikkema,
2007). However, while the relationship between mental illness and
HIV is complex and bidirectional, there have been few studies
unpacking the impact of schizophrenia and HIV comorbidity on mortal-
ity (Cournos et al., 2012). In a 2015 study conducted among a national
sample in Denmark, researchers found that among people with a
schizophrenia diagnosis, those living with HIV (HIV+-/SZO+) had sig-
nificantly higher mortality rates compared to those living without HIV
(HIV-/SZO+) (Helleberg et al., 2015). The same study also found that
there were no differences in clinical outcomes (i.e. CD4 cell count and
viral suppression) and treatment access (i.e. time to antiretroviral ther-
apy [ART] initiation) between PLHIV with and without a schizophrenia
diagnosis (HIV+/SZO+ and HIV+-/SZO-, respectively), after adjusting
for substance use. Previous research has also found that HIV+/SZO+
may be less likely than HIV-/SZO+ to discontinue their anti-psychotic
medication and have increased health service utilization (Himelhoch
et al., 2009; Mijch et al., 2006). These results suggest that gaps in mor-
tality between PLHIV and HIV- with and without a schizophrenia diag-
nosis may not be wholly dependent on clinical HIV outcomes. Further
research is needed to better understand mortality differences among
PLHIV and HIV- with and without a schizophrenia diagnosis, as well as
potential reasons for elevated mortality rates among HIV+/SZO+. In
this study we examine all-cause mortality among HIV+/SZO+, HIV-/
SZO+, HIV+/SZ0-, and HIV-/SZO- from January 1st, 1998 to December
31st, 2012, as well as factors associated with mortality among HIV+/
SZ0+, in the province of British Columbia (BC), Canada.

2. Methods
2.1. Study population

This study uses data from the Comparative Outcomes And Service
Utilization Trends (COAST) Study, a population-based cohort study ex-
amining health outcomes and health services use of PLHIV and the gen-
eral BC population from April 1st, 1996 to March 31st, 2013. Details of
the COAST study have been described elsewhere (Eyawo et al., 2018).
The COAST study was created through a data linkage between the
Drug Treatment Program (DTP) at the British Columbia Centre for Excel-
lence in HIV/AIDS (BC-CfE) and several Population Data BC data hold-
ings; and contains data of all known PLHIV and a 10% random sample
of the general BC population that were >19 years of age. The DTP at
the BC-CfE centrally manages ART dispensation across the province,
and prospectively collects information on demographic, immunological
and virologic outcomes for all PLHIV who have ever accessed ART in BC
(BC Centre for Excellence in HIV/AIDS, 2014). Population Data BCis a re-
pository of individual-level de-identified longitudinal data from provin-
cial health administrative databases. Based on linkages to data holdings
at Population Data BC performed as part of the COAST study, the COAST
data includes information on health care system encounters (including
physician billings and hospitalizations data comprised of International
Classification of Diseases version 9 [ICD-9] and version 10 [ICD-10] diag-
nosis codes) (British Columbia Ministry of Health, 2014a, 2014b); pre-
scription drug dispensation (British Columbia Ministry of Health,
2014c, 2014d); and HIV treatment and outcomes data available through
the BC CfE (for PLHIV only) (British Columbia Centre for Excellence in
HIV/AIDS, 2014). Due to important shifts in causes of death and reduced
mortality among PLHIV between 1996 and 1998 (Eyawo et al., 2017;
Helleberg et al., 2012) coinciding with the introduction of triple ART
(Hoggetal,, 1999), we restricted this analysis to January 1st, 1998 to De-
cember 31st, 2012. We excluded 573 (4.1%) PLHIV and 14,162 (2.8%) in-
dividuals living without HIV who either died or were lost to follow-up
between 1996 and 1998, or entered the cohort after December 31st,
2012, as the later did not have complete calendar years of data.

Ethical approval for this study was obtained from the University of
British Columbia/Providence Health Care (#H09-02905) and Simon Fra-
ser University (#2013s0566) research ethics boards. The study complies
with the BC Freedom of Information and Protection of Privacy Act and
did not require informed consent as it is conducted retrospectively for
research and statistical purposes only using anonymized data.

2.2. Inclusion and exclusion criteria

We examined the prevalence of SZO diagnoses by HIV status and
mortality among four groups distinguished by their schizophrenia diag-
nosis and HIV status, including HIV+/SZ0+, HIV-/SZO+, HIV+/SZO-,
and HIV-/SZO- (Fig. 1).

The cohort of PLHIV included all age-eligible PLHIV (219 years of age)
during the study period under consideration (January 1st 1998 to Decem-
ber 31st, 2012). We identified PLHIV through the BC-CfE DTP registry as
well as Population Data BC's data holdings (BC Vital Statistics, 2014;
British Columbia Ministry of Health, 2014a, 2014b, 2014c, 2014d;
Canadian Institute for Health Information, 2014). Using the BC-CfE DTP
registry, HIV status was determined by at least one detectable HIV plasma
viral load, and/or the initiation of ART as indicated by the DTP. In order to
capture those diagnosed with HIV in BC who may not be included in the
DTP, we further included individuals with at least one inpatient hospital-
ization and/or three or more outpatient physician ICD-9 and -10 codes re-
lated to HIV or AIDS-related care, medical conditions, or mortality in
Population Data BC's holdings (see Supplementary file) (Eyawo et al.,
2018; Nosyk et al., 2013). The cohort of individuals without HIV was
comprised of a 10% random sample of individuals >19 years old accessing
healthcare services in BC (excluding 1,388 known PLHIV); both cohorts
were followed from January 1st, 1998 or year of entry into the cohort
after 1998, and until December 31st, 2012.

2.3. Outcome and explanatory variables

In order to identify schizophrenia diagnoses, we used ICD-9 and -10
codes previously identified in the literature (Nesvag et al., 2015;
Walkup et al., 2004). In this study, individuals were identified as having
a schizophrenia diagnosis if their record included one hospitalization
and/or two out-patient physician billing codes within a 12-month period:
ICD-9 (295.x, 297.1-297.3) and ICD-10 (F20.x, F21.x, F23.2, F25.x) codes.

Total number of
unique individuals
considered

(n=528,859)

Total HIV-*

(n=514,952,
97.4%)

Total HIV+

(n=13,907,
2.6%)

HIV+A HIV-A

included in included in
this analysis this analysis
n=13,334 n=500,790

HIV+/SZO-

(n=12,499,
93.7%)

HIV-/SZO-

(n=495,171,
98.9%)

HIV-/SZO+

(n=5,619,
n=1.1%)

HIV+/SZ0+
(n=835, 6.3%)

Fig. 1. Flow chart of study population of individuals followed. “Total HIV- is derived from
the COAST general population cohort (n = 516,340) after excluding 1,388 known PLHIV
who were randomly selected during the cohort’s development (Eyawo et al., 2018).
“Note that 573 HIV+ and 14,162 HIV- individuals were excluded if they died or were
lost to follow-up before January 1998 or entered the cohort after December 31, 2012.
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Demographic variables included age and sex at baseline. Using
previously validated case findings algorithms (Supplementary file),
we identified and adjusted for a number of variables that are impor-
tant for the health, wellbeing, and survival of individuals with
schizophrenia, including: a history of injection drug use (IDU), a sub-
stance use disorder (SUD) diagnosis (Helleberg et al., 2015; Leucht
etal., 2007; Nesvag et al., 2015) with and without the inclusion of al-
cohol (Findley et al., 2011; Kim et al., 2012; Wusthoff et al., 2011), as
well as ever being on anti-psychotic medication and ever accessing
psychiatric services in hospital.

Individuals were considered to have ever been on anti-psychotic
medication if they were ever on any of the medications listed in the sup-
plementary file as identified through the PharmaNet database (British
Columbia Ministry of Health, 2014d). Individuals were labelled as
accessing psychiatric services if they had a service code for psychiatry
(service code = 64).

Within statistical models that were restricted to PLHIV, we were able
to further adjust for HIV exposure group (Men who have sex with men
[MSM, No vs. Yes vs. Unknown]), ever on ART (No vs. Yes), and ever
having been diagnosed with an AIDS-defining illness (No vs. Yes)
using data available from the BC-CfE DTP.

2.4, Statistical analysis

Differences in select characteristics by HIV status among all individ-
uals with a schizophrenia diagnosis were assessed using Chi-squared
and Kruskal-Wallis tests for categorical and continuous variables, re-
spectively. Age- and sex-adjusted all-cause mortality rates were calcu-
lated using the 2016 Canada population as reference (Statistics
Canada, 2019). Kendall trend tests assessed the monotonic trend of
all-cause and HIV-related mortality rates from 1998 to 2012. A
Kaplan-Meier plot was generated to examine survival time after a
schizophrenia diagnosis, stratified by HIV status. All-cause mortality
rates were compared among the four distinct groups from 1998 to
2012. Two multivariable logistic regression models were built to 1) ex-
amine the association between having a schizophrenia diagnosis and
mortality among PLHIV adjusting for: age, alcohol use disorder, IDU,
MSM, ever having been diagnosed with an AIDS-defining illness, and
ever having filled a prescription for psychiatric medications or having
been assessed by a psychiatrist, and to 2) examine the association be-
tween HIV-positive status and mortality among all individuals with a
schizophrenia diagnosis, adjusting for: age and SUD. Variables were se-
lected based on a priori knowledge and the magnitude of change in the

Table 1
Characteristics and differences among people living with and without a schizophrenia diagnosis by HIV status.
HIV+/SZ0+ HIV+/SZ0- HIV-/SZ0+ HIV-/SZ0-
N col% N col % N col% N col%
Total 835 12,499 5,619 495,171 P-values®
Death <0.0001
No 622 74.5 9,662 773 4,620 82.2 452,772 914
Yes 213 25.5 2,837 22.7 999 17.8 42,399 8.6
HIV/AIDS-related deaths (n = 3,050)¢ 91 42.7 1,357 47.8 - -
Sex <0.0001
Female 207 24.8 2,456 19.65 2,459 43.7 247,010 49.8
Male 627 75.1 10,041 80.33 3,157 56.2 247,878 50.1
Unknown 1 0.1 2 0.02 3 0.1 283 0.1
IDU (case finding algorithm)”
No 215 25.8 8,573 68.6 N/A N/A N/A N/A
Yes 620 74.3 3,926 314 N/A N/A N/A N/A
Substance use disorder (case finding algorithm) <0.0001
No 89 10.7 6,468 51.8 3,227 574 457,289 92.4
Yes 746 89.3 6,031 482 2,392 426 37,882 7.6
MSM
No 343 411 3,489 279 N/A N/A N/A N/A
Yes 157 18.8 3,452 27.6 N/A N/A N/A N/A
Unknown 335 40.1 5,558 445 N/A N/A N/A N/A
Ever on ART
No 281 337 3,289 26.3 - - - -
Yes 554 66.3 9,210 73.7 - - - -
AIDS-defining illness (ever)
No 563 67.4 8,646 69.1 - - - -
Yes 132 15.8 2,214 17.7 - - - -
Unknown 140 16.8 1,639 13.1 - - - -
Era of ART initiation
<1999 239 28.6 3,776 30.2 - - - -
2000-2010 258 309 4,424 354 - - - -
22011 57 6.8 1,010 8.1 - - - -
Not on ARVs 281 337 3,289 26.3 - - - -
Ever on anti-psychotic medication <0.0001
No 432 51.7 10,860 86.9 3,440 61.2 486,657 98.3
Yes 403 483 1,639 13.1 2,179 388 8,514 1.7
Ever had a psychiatry service code <0.0001
No 253 30.3 11,462 91.7 2,258 40.2 487,698 98.5
Yes 582 69.7 1,037 8.3 3,361 59.8 7473 1.5
Age at baseline (years) Median (Q1, Q3) 835 37(30, 44) 12,499 38(32,45) 5,619 36(24, 50) 495,171 35(23,49) 0.110
Follow-up time (months) Median (Q1, Q3) 835 99(50, 160) 12,499 89(39, 157) 5,619 192(113, 200) 495,171 159(64, 200) <0.001

IDU injection drug use; MSM men who have sex with men; ART antiretroviral therapy.
All items in bold are significant at p < 0.05.
N/A indicates not available and - indicates not applicable.

¢ Note: P-values identify differences between HIV+/SZO+ and HIV-/SZO+ and were calculated after excluding “unknown” groups.

b IDU algorithm only applicable within PLHIV cohort.
€ Out of all deaths in the study period.
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coefficient of schizophrenia or HIV. Starting with the full model, vari-
ables were dropped one at a time, using the relative change in coeffi-
cient for schizophrenia or HIV as a criterion, until the minimum
absolute change from the full model exceeded 5% (Lima and Kopec,
2005). An additional logistic regression model was used to identify cor-
relates of mortality among HIV+/SZO+ individuals. Model selection
was based on p-values to reach optimal Akaike information criterion
(AIC) (Lima et al., 2010). For each univariate and multivariable model,
we excluded individuals of unknown sex.

3. Results

Of the total 13,907 PLHIV and 514,952 individuals living without
HIV, 573 PLHIV and 14,162 people living without HIV were excluded
as they were enrolled outside of the study follow-up period. In total,
514,124 individuals, with a total median age of 38 years (Q1-Q3:
32-45) and 35 years (Q1-Q3: 32-45) at entry into the study for individ-
uals with and without HIV respectively were included in this analysis. Of
the individuals included within this study, 6,454 (1.3%) were diagnosed
with schizophrenia during the study period and 13,334 (2.6%) were liv-
ing with HIV. Fig. 1 describes the study participants including the four
different sample groups included in our analysis.

PLHIV were more likely than those without HIV to have a schizo-
phrenia diagnosis, with 6.3% (95% confidence interval [CI] = 5.9-6.7,
[p<0.001]) vs. 1.1% (95% CI = 1.1-1.2) schizophrenia diagnosis respec-
tively. Compared to HIV-/SZO+-, HIV+-/SZO+ were more likely to be:
male (75.1% vs. 56.2%), have a concurrent SUD (89.3% vs. 42.6%), to
have ever been on anti-psychotic medication (48.3% vs. 38.8%), and to
have ever accessed psychiatric services (69.7% vs. 59.8%) (all p < 0.05)
(Table 1). HIV+/SZO+ were also more likely than HIV-/SZO+ to have
died during the study period (25.5% vs. 17.8%, p < 0.001). Of the HIV
+/SZ0+ who died during the study period, 91 (42.7%) died from HIV/
AIDS related causes, which was similar to HIV+/SZO- (47.8%) (p =
0.1506). Rates of HIV/AIDS related mortality significantly declined
among both groups throughout the study period (Fig. 2).

From 1998 to 2012, age- and sex-adjusted all-cause mortality rates
were highest among HIV+/SZO+ at 64.5 per 1,000 person-years (PY)
(95% CI = 48.5-80.5), followed by HIV+/SZO- at 39.7 per 1,000 PY
(95% CI = 36.9-42.6), HIV-/SZO+ at 28.2 per 1,000 PY (95% CI =
26.5-29.9), and HIV-/SZO- at 9.9 per 1,000 PY (95%CI = 9.8-10.0).
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Trend tests found that all-cause mortality rates significantly declined
for both HIV+/SZ0+ and HIV+/SZO- from 1998 to 2012 (Fig. 3). HIV
+/SZ0+ had significantly less survival time than HIV-/SZO+ over the
study period (Fig. 4).

As shown in Table 2, unadjusted and adjusted analyses found that
having a schizophrenia diagnosis was not associated with all-cause
mortality in the sample of PLHIV (adjusted odds ratio [aOR] = 0.90,
95%CI = 0.74-1.09); the multivariable model was adjusted for age, his-
tory of IDU, alcohol problems, being an MSM, ever being on anti-
psychotic medication and accessing psychiatric services.

Among participants with a schizophrenia diagnosis (Table 3), posi-
tive HIV serostatus (OR = 1.59, 95%CI = 1.34-1.88) was associated
with increased odds of mortality in unadjusted analyses. After adjust-
ment for age and SUD, positive HIV serostatus continued to be signifi-
cantly associated with all-cause mortality (aOR = 2.64, 95%Cl =
2.14-3.25).

Table 4 presents covariates of all-cause mortality among HIV+/SZO
+. Multivariable analyses indicated that the following factors were as-
sociated with mortality: age (aOR = 1.71 per 10-year increase, 95%Cl
= 1.43-2.04), history of IDU (aOR = 1.95, 95%CI = 1.28-2.97), and
ever having a diagnosis for an AIDS-defining illness (aOR = 1.69,
1.08-2.64). Furthermore, ever being on anti-psychotic medication
(aOR = 0.66, 95%Cl = 0.47-0.93) and ever having a psychiatric service
code (aOR = 0.58, 95%CI = 0.40-0.84) were both associated with a re-
duced mortality throughout the study period.

4. Discussion

Our results highlight that HIV status was independently associated
with mortality and that HIV+/SZO+ had reduced survival over the
study period compared to HIV-/SZO+. From 1998 to 2012, this group
also had higher mortality rates than all other reference groups (HIV-/
SZ0+, HIV+/SZO- and HIV-/SZO-). Among HIV+/SZO+ in our study,
older age, history of IDU, and ever having an AIDS diagnosis were asso-
ciated with increased odds of mortality. HIV+/SZO+ who had ever
been on anti-psychotic medication and who had accessed psychiatric
services had reduced odds of mortality. Despite higher mortality rates
among the subgroup of HIV+-/SZO+, having a diagnosis of schizophre-

nia was not independently associated with increased mortality in the
sample of PLHIV.

Kendall trend test:
HIV+/SZO- P<.0001
HIV+/SZ0+ P=0.0035

~ —e@— HIV+/SZ0-
- --#--HIV+/SZ0+

2007 2008 2009 2010 2011 2012
2005 2006 2007 2008 2009 2010 2011 2012
14.6 19.3 17.4 13.0 11.3 8.1 7.8 7.6 49
17.2 31.6 35.2 26.8 12.2 17.8 10.6 6.0 1.8

Fig. 2. HIV/AIDS-related mortality rates per 1000 person-years from 1998 to 2012 among HIV+/SZO- and HIV+/SZO+.
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Kendall trend test:
HIV-/SZO-: P=0.0700
HIV-/SZ0+: P=0.4767
HIV+/SZ0O-: P<.0001
HIV+/SZO+: P=0.0006

=0 -HIV-/SZO-
=@>= HIV-/SZO+
= @= HIV+/SZ0-

=@ HIV+/SZ0+

- -0 00— 0 =——0:—0:--=—0:*=0~:-0—::0— -0 .0 — 0: ™0 - —0
0.00
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Calendar year
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
HIV-/SZO- 8.8 86 85 8.4 8.4 83 8.4 8.8 8.4 8.4 8.5 8.1 82 84 85
HIV-/SZO+ 26.1 26.6 20.1 21.6 242 26.4 22.0 26.1 244 259 224 23.6 30.3 19.9 20.6
HIV+/SZO- 458 395 423 372 30.8 34.1 337 39.0 334 26.5 234 21.6 19.4 18.7 18.5
HIV+/SZO+ 1019 838 828 481 525 767 549 537 527 376 341 535 400 258 129

Fig. 3. All-cause mortality rates per 1000 person-years from 1998 to 2012 among HIV-/SZO-, HIV-/SZO+, HIV+-/SZO-, and HIV+/SZO+.

Our study found that between 1998 and 2012, 6.3% of those living
with HIV had a schizophrenia diagnosis, compared to 1.1% of those liv-
ing without HIV. This may be, in part, due to the fact that individuals di-
agnosed with HIV may be referred to psychiatric care following their
diagnosis, and then may subsequently receive a concurrent diagnosis
for mental health conditions, including schizophrenia (Helleberg et al.,
2015). Thus, we acknowledge the limitations related to the differential
probability of receiving a clinical diagnosis, of any sort, among PLHIV
and individuals without HIV. It is also possible that individuals with
schizophrenia have heightened HIV prevalence due to higher levels of
substance use and sexual risk behaviours (Meade and Sikkema, 2007).
Given that our analyses were conducted using data of individuals al-
ready known to be HIV+ at baseline, we were unable to assess how

having a diagnosis of schizophrenia may increase one's risk of acquiring
HIV. As such, more research is needed to better understand rates and
drivers of HIV infection among people living with schizophrenia, and
the role of HIV prevention in schizophrenia care.

Among those diagnosed with schizophrenia, HIV was associated
with mortality. Despite improvements in HIV treatment and
life-expectancy in recent years (Samji et al., 2013), and evidence
that PLHIV with severe mental health conditions may be less likely
to discontinue their HIV medication and more likely to access health
services (Himelhoch et al., 2009; Mijch et al., 2006), we found that
between 1998 and 2012, one-in-four (25.5%) of HIV+/SZO+ indi-
viduals died compared to one-in-five of HIV-/SZO+ individuals
(17.8%). Moreover, our survival analysis and mortality trends

100
80
—— HIV Negative ==
> - — - HIV Positive T
5604 . TTTTmT T
s Log-Rank p<0.001
[
a
©
=
£ 40
n
20 —
0 T T T T T T T 1
0 2 4 6 8 10 12 14 16
time at risk in years
Number at Risk Events
4216 3274 2588 2018 1480 1035 563 180 0 690
470 328 234 164 118 67 31 5 0 107

Fig. 4. Kaplan-Meier survival curve from SZO diagnosis to death, stratified by HIV status.
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Table 2
Unadjusted and adjusted association between schizophrenia diagnoses and all-cause mor-
tality among HIV+ with a known sex (n = 13,331).

Unadjusted odds ratio Adjusted odds ratio

(95%CI) (95% CI)
Main exposure
SZO diagnosed
No [ref] 1.00 1.00
Yes 1.17 (0.99-1.37) 0.90 (0.74-1.09)

Potential confounders

Age at baseline(per 10-year 1.53 (1.48-1.59) 1.69 (1.63-1.76)

increase)
Sex
Male [ref] 1.00 Not included
Female 1.08 (0.98-1.19)
Alcohol use disorder (case
finding algorithm)
No [ref] 1.00 1.00
Yes 2.57 (2.34-2.83) 1.98 (1.77-2.21)
IDU (case finding algorithm)
No [ref] 1.00 1.00
Yes 2.53 (2.33-2.75) 3.34 (3.00-3.72)
MSM
No [ref] 1.00 1.00
Yes 0.49 (0.44-0.55) 0.82 (0.72-0.93)
Unknown 0.85 (0.77-0.93) 1.08 (0.97-1.20)
On ART
No [ref] 1.00 Not selected
Yes 0.76 (0.69-0.83)
AIDS-defining illness (ever)
No [ref] 1.00 Not selected
Yes 240 (2.17-2.64)
Unknown 1.21 (1.07-1.37)

Ever on anti-psychotic
medications

No [ref] 1.00 1.00

Yes 0.93 (0.83-1.05) 0.56 (0.49-0.64)
Ever had a psychiatry service
code

No [ref] 1.00 1.00

Yes 1.12 (0.99-1.27) 0.74 (0.63-0.86)

IDU injection drug use; MSM men who have sex with men; ART antiretroviral therapy.

indicated that HIV+/SZO+ individuals had the highest mortality
rates. These findings highlight the need for monitoring and future
research aimed at reducing mortality among PLHIV with
schizophrenia.

After adjustment for a variety of factors, we found no significant as-
sociation between schizophrenia diagnoses and all-cause mortality
among PLHIV. This finding is in line with a previous study conducted
in the United States, demonstrating that having a severe mental illness
was not associated with increased mortality among PLHIV (Chander
et al., 2012).

It is well known that there is a strong association between severe
mental health issues and substance use (Compton et al., 2005; Tross
etal, 2015). Among HIV+/SZO+, history of IDU was a significant corre-
late of mortality. Our data, however, do not allow for us to examine
whether those with schizophrenia developed SUDs before or after
their schizophrenia or HIV diagnosis and how the development of
schizophrenia and acquisition of HIV influenced substance use patterns.
More research is needed to elucidate the complex relationships be-
tween substance use, mental health, HIV and other health outcomes,
in order to better understand drivers of mortality among those living
with both HIV and schizophrenia.

We found that individuals who had taken anti-psychotic medication
and who had accessed psychiatric services were at reduced risk of mor-
tality. It is likely that those accessing psychiatric services are also more
likely to be linked to HIV care (Mijch et al., 2006). Service providers
for mental illnesses as well as HIV should collaborate to ensure that
their patients are receiving adequate support. Integrated services pro-
viding opportunities for multiple entry points into care, like those pro-
vided at the Dr. Peter Centre in Vancouver, Canada, could help to link

and maintain HIV+/SZO+ individuals in care (Fernando et al., 2016;
Griffiths, 2002).

4.1. Strengths/limitations

The longitudinal and population-based nature of our study allowed
us to examine important and comparative health trends over time be-
tween individuals with and without HIV in BC, including identifying a
relatively large sample of individuals with schizophrenia. However,
there are some limitations that should be noted. Given that HIV is a
chronic disease, it is known that, on average, PLHIV engage more often
with the healthcare system than those without HIV. Under this assump-
tion, it is plausible that the sensitivity of our schizophrenia diagnosis
definition, or the probability that administrative codes will correctly
identify someone diagnosed with schizophrenia, will differ between in-
dividuals with and without HIV; this is irrespective of HIV's potential
impact, or lack thereof, on an individual's risk of developing schizophre-
nia. As such, we hypothesize that higher healthcare engagement typical
among PLHIV is potentially leading to better ascertainment of schizo-
phrenia in PLHIV, and that this is likely responsible, in part, for this find-
ing. Therefore, future work should consider the potential impact of
differential outcome misclassification in administrative data, and em-
ploy statistical methods, such as probabilistic bias analysis, to investi-
gate this concern.

In addition, although access to PharmaNet data allowed us to exam-
ine the impact of being on anti-psychotic medications, we were unable
to consider medication adherence. Although this analysis was able to
account for SUD as a covariate based on validated case-finding algo-
rithms for identifying diagnostic cases (Findley et al.,, 2011; Kim et al.,
2012; Wusthoff et al., 2011), we were unable to control for tobacco
smoking patterns, which is a known carcinogen and carries high bur-
dens of mortality for both individuals living with mental illness as
well as PLHIV (Brown et al., 2000; Dickerson et al., 2013; Painter et al.,
2017; Pedersen et al., 2018). Reliance on administrative data is further
limited due to potential misclassification of diagnoses which rely on
ICD-9 and -10 codes, which can be incomplete or incorrect. However,
the algorithms currently used within COAST to ascertain comorbidities,
including mental health outcomes, are in line with previous studies that
have relied on administrative data (Nesvag et al., 2015; Walkup et al.,
2004). Lastly, given the observational nature of our study, we cannot es-
tablish causality due to unmeasured confounding.

Table 3
Unadjusted and adjusted association between HIV status and all-cause mortality among
all individuals with schizophrenia diagnoses and known sex (n = 6,450).

Unadjusted odds  Adjusted odds
ratio ratio
(95%CI) (95%CI)
Main exposure
HIV status
Negative [ref] 1.00 1.00
Positive 1.59 (1.34-1.88)  2.64 (2.14-3.25)

Potential confounders

Age at baseline (per 10-year increase) 222 (2.12-2.32) 2.40 (2.28-2.53)

Sex
Male [ref] 1.00 Not selected
Female 1.38 (1.22-1.57)
Substance use disorder (case finding
algorithm)
No [ref] 1.00 1.00
Yes 0.65 (0.57-0.74)  1.29 (1.09-1.54)
Ever on anti-psychotic medications
No [ref] 1.00 Not selected
Yes 0.65 (0.57-0.74)
Ever had a psychiatric service code
No [ref] 1.00 Not selected
Yes 0.42 (0.37-0.48)

IDU injection drug use; MSM men who have sex with men.
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Table 4
Bivariate, unadjusted and adjusted correlates of all-cause mortality among individuals living with HIV and schizophrenia with a known sex (n = 834).
Death
No Yes Unadjusted odds ratio (95%Cl) Adjusted odds ratio (95%CI)
N col % N col %
Covariates 621 213
Age at baseline: per 10-year increase 621 36 (29, 42) 213 41 (34,47) 1.71 (1.45-2.02) 1.71 (1.43-2.04)
(median, Q1, Q3)
Sex
Male 469 75.5 158 74.2 1.00 Not included
Female 152 24.5 55 25.8 1.07 (0.75-1.54)
IDU (case finding algorithm)
No 162 26.1 53 249 1.00 1.00
Yes 459 73.9 160 75.1 1.07 (0.74-1.53) 1.95 (1.28-2.97)
MSM
No 261 42.0 82 385 1.00 1.00
Yes 127 20.5 30 14.1 0.75 (0.47-1.20) 0.97 (0.59-1.59)
Unknown 233 37.5 101 474 1.38 (0.98-1.94) 1.76 (1.16-2.67)
AIDS-defining illness (ever)
No 424 68.3 139 65.3 1.00 1.00
Yes 89 14.3 43 20.2 1.47 (0.98-2.22) 1.69 (1.08-2.64)
Unknown 108 17.4 31 14.5 0.88 (0.56-1.36) 0.46 (0.27-0.77)
On ART
No 200 322 80 37.6 1.00 Not selected
Yes 421 67.8 133 62.4 0.79 (0.57-1.09)
Ever on anti-psychotic medications
No 302 48.6 129 60.6 1.00 1.00
Yes 319 514 84 394 0.62 (0.45-0.85) 0.66 (0.47-0.93)
Ever had a psychiatric service code
No 165 26.6 87 40.9 1.00 1.00
Yes 456 734 126 59.1 0.52 (0.38-0.73) 0.58 (0.40-0.84)

IDU injection drug use; MSM men who have sex with men; ART antiretroviral therapy.

5. Conclusions

Acknowledging the differential probability of receiving a clinical di-
agnosis among persons living with and without HIV, from 1998 to 2012,
our study found the proportion of individuals identified with a schizo-
phrenia diagnosis to be higher among those with HIV compared to
those without. Although schizophrenia was not significantly associated
with mortality among those with HIV, it is important to note that HIV+/
SZ0+ individuals had the highest mortality rates in our sample. All ob-
served groups showed significant declines in mortality rates throughout
the study period. For those with a schizophrenia diagnosis, HIV was in-
dependently associated with mortality. Efforts should be made to iden-
tify and link to care individuals disproportionately affected by
schizophrenia and excess mortality, including those living with HIV.
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