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Abstract

Social isolation, a risk factor for poor health within the general population, may be exacerbated by unique challenges faced
by people living with HIV (PLHIV). This analysis examines the association between social isolation and all-cause mortality
among a cohort of PLHIV experiencing multiple social vulnerabilities. The analytical sample included 936 PLHIV > 19 years,
living in British Columbia, Canada, and enrolled in the Longitudinal Investigation into Supportive and Ancillary Health
Services (LISA) Study (2007-2010). Participants were classified as Socially Connected (SC), Minimally Isolated (MI) or
Socially Isolated (SI) via latent class analysis. Cross-sectional survey data was linked to longitudinal clinical data from a
provincial HIV treatment database. Mortality was assessed longitudinally up to and including December 31st, 2017. Through
multivariable logistic regression, an association between SI and all-cause mortality was found (adjusted OR: 1.48; 95% CI
1.08, 2.01). These findings emphasize the need to mitigate effects of social isolation among PLHIV.
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Introduction

Social isolation, a psychosocial determinant of health, refers
to objective measurable characteristics resulting in social
disconnectedness: a lack of engagement with peers and the
larger community [1, 2]. This construct is distinct from that
of loneliness, which refers to subjective feelings of isolation,
suggesting that loneliness and social isolation do not neces-
sarily co-occur and should be assessed independently [3-5].
The prevalence of social isolation is increasing in contempo-
rary society and carries with it a potentially underestimated
impact on human health [6]. Research suggests that social
isolation may contribute to comparable morbidity risks to
that of well-established risk factors such as smoking and
high blood pressure [7—10]; adverse consequences of isola-
tion include: lower self-rated physical health [2], poor men-
tal health outcomes [11, 12], chronic inflammation [1, 7, 13,
14], cardiovascular disease and events [11, 14—16] and an
increase in likelihood of mortality [5, 8, 10-12, 15, 17, 18].
However, to our knowledge, the association between social
isolation and all-cause mortality has not yet been explored
specifically among people living with HIV (PLHIV).
While there is abundant evidence to show the negative
health impacts of stigma and trauma among PLHIV [19],
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the concept of social isolation has yet to be explored. Social
isolation among PLHIV may be exacerbated by challenges,
such as: heightened risk of frailty that may hinder participa-
tion in social activities [20, 21]; experienced or perceived
stigma and discrimination that prevent the establishment of
social network ties [22—24]; and the loss of integral social
network members in the earlier years of the epidemic [25].
These factors are uniquely detrimental and limiting to social
relationships among PLHIV, making this population particu-
larly relevant for assessing social isolation.

Further, PLHIV represent a distinct community for whom
public health services and interventions have been focused.
Therefore, the generation of evidence, in relation to a poten-
tial association between social isolation and mortality, would
allow healthcare providers and community-based organi-
zations to model interventions appropriately, and provide
greater support for PLHIV. Therefore, this study aims to:
(1) characterize the degree of isolation experienced within
a sample of PLHIV using latent class analysis, and (2) inves-
tigate the association between social isolation and all-cause
mortality.

Methods
Participants and Recruitment

Individuals eligible for enrolment in the Longitudinal Inves-
tigation into Supportive and Ancillary Health Services
(LISA) Study were > 19 years of age, had ever initiated
antiretroviral therapy (ART) and were residents of Brit-
ish Columbia (BC), Canada. Recruitment was conducted
between July 2007 and January 2010 using convenience
sampling strategies (e.g., word of mouth, flyers posted at
community-based organizations, and letters distributed by
HIV physicians) until a sample size of 1000 individuals was
reached [26].

Participants’ clinical and mortality information, includ-
ing cause of death, was collected longitudinally through
a linkage to the BC Centre for Excellence in HIV/AIDS
Drug Treatment Program (DTP). The DTP oversees the
distribution of all ART in BC, Canada. Through this pro-
gram, PLHIV in BC can access ART free of cost, without
co-payments; this program is described in detail elsewhere
[27-29]. Assessing measures related to social isolation at
one time point and mortality longitudinally has been carried
out in previous studies [30, 31].

Eligible participants provided written informed consent.
Ethical approval for this study was obtained from research
ethics boards at the University of British Columbia/Provi-
dence Health Care, Simon Fraser University, the University
of Victoria and Vancouver Coastal Health (H16-00497).
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Social Isolation Measure

Latent class analysis (LCA) is a cluster detection technique
used for identifying latent or hidden and unobserved traits
based on proximal characteristics which are then used as
a method of grouping individuals [32, 33]. We employed
LCA to measure social isolation among a sample of PLHIV;
this methodological approach was used in order to capture
the multidimensionality of this construct. Five indicators
of social isolation were analyzed to capture the degree of
isolation experienced by respondents: How many people
live in the same place with you?; Are you in a relation-
ship?; Who do you count on for support and friendship?;
Who is the most reliable to count on for support and friend-
ship?; and I've been satisfied with how socially active I am
[34]. Furthermore, PLHIV marginalized by socio-structural
inequities were oversampled in this study, resulting in many
participants reporting that they were currently experiencing
homelessness. Due to previous research outlining the nature
of homelessness as an isolating experience [35, 36], these
participants were classified as living alone.

All-Cause Mortality Measure

Mortality was assessed longitudinally, up to and including
December 31st, 2017. These data were accessed through the
aforementioned data linkage with the DTP, which includes
time-updated mortality information collected from the BC
Vital Statistics Agency. Through the use of ICD-10 codes,
cause of death was categorized as: accident or suicide;
chronic disease or co-morbidities including non-AIDS-
related cancers, cardiovascular disease, pulmonary disease,
kidney failure/disease, and liver disease (such as Hepatitis
C, cirrhosis); drug and/or alcohol related; HIV-related (e.g.
other infections related to HIV) and AIDS-defining cancers;
and unknown (Table IS). While focusing on all-cause mor-
tality (death from any cause) in the regression models, we
also provide descriptive statistics regarding specific causes
of death.

To further describe mortality within this sample of
PLHIV, an age-standardized all-cause mortality rate (per
1000-person years [PYs]) for both the overall sample and
each social isolation class, was estimated using the 2016
Canadian standard population as reference [37].

Confounder Measures

Potential confounders were selected a priori based on their
hypothesized association with social isolation and all-
cause mortality [9, 18]. Sociodemographic confounders
included: age (continuous), gender (man vs. woman), sexual
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orientation (straight, gay and lesbian, bisexual and other),
ethnicity (White, Indigenous, and other), stable housing
(yes vs. no), Regional Health Authority at time of interview
(Interior Health, Fraser Health, Vancouver Coastal Health,
Island Health, Northern Health), and perceived neighbour-
hood cohesion, a measure assessing an individual’s sense of
belonging in a neighbourhood (range: 0-100; higher scores
indicate a greater sense of neighbourhood belongingness)
[38]. Regional health authorities exist as a means of govern-
ing and delivering health-care within specific geographical
areas within BC [39].

Socioeconomic confounders included education (some
high school or less vs. > high school) and reporting current
employment (yes vs. no).

Behavioral confounders encompassed history of incar-
ceration (yes vs. no), current illicit drug use (yes vs. no), his-
tory of injection drug use (IDU) (yes vs. no), and degree of
alcohol use via the CAGE scale, which uses four questions to
evaluate whether a participant engages in excessive drinking
(range: 0—4; score of > 2 coded as excessive drinking) [40].
In addition, HIV acceptance was assessed using a 5-response
Likert scale for the statement: “I have been able to accept
the fact that I have HIV” (strongly agree, agree, neutral, dis-
agree, strongly disagree). Recent violence, including physi-
cal, verbal and sexual forms of violence, within 6 months
prior to interview (yes vs. no), was included as well.

Clinical confounders included mental health conditions
such as: a self-reported diagnosis of a mental health disor-
der ever (yes vs. no) and depressive symptoms measured
through the 10-item validated Center for Epidemiologic
Studies Depression (CES-D 10) scale (range: 0-30; cut-
off of > 10 indicating depressive symptoms) [41]. Physical
health status was taken into account through adjustment for:
body mass index (BMI) [underweight (< 18.5 kg/mz), nor-
mal (18.5-24.9 kg/mz), overweight (25-29.9 kg/mz), obese
(>30 kg/mz)] [42], CD4 cell count at time of interview
(continuous), and ART adherence (>95% vs. <95%; 1 year
after first ART dispensation date) assessed using a validated
method for determining adherence through pharmacy refill
data [43].

Statistical Analysis

LCA was used to group participants based on their experi-
ences of social isolation; this was done using the SAS 9.4
implementation PROC LCA (SAS Institute Inc., NC, USA).
Models including two to five latent classes were fit to the
sample and a solution was selected using goodness-of-fit
criterion. For the fit statistics considered (Akaike informa-
tion criterion [AIC], Bayesian information criterion [BIC],
consistent Akaike information criterion [cAIC], and adjusted
Bayesian information criterion [aBIC]), the lowest value

represented a better fit [44]. A three-class solution was
selected based on best-fit statistical considerations [34].

Further, we employed inverse probability of participa-
tion weighting (IPPW) to address potential bias introduced
through selective participation, as individuals marginalized
by socio-structural inequities were oversampled [45]. As the
LISA cohort was originally intended to be representative of
the DTP, a population-based sample of all known PLHIV
on ART in BC, a hypothetical sample of ‘non-respondents’
was constructed using sample characteristics from this data-
base. Specifically, given that women, persons of Indigenous
ancestry, and people who use injection drugs (PWID) were
overrepresented in LISA, the following variables were used
as predictors of participation when estimating the weights:
sex, ethnicity, and IDU. Each individual was then assigned
a weight that reflected the inverse of their probability of
participation.

A multivariable logistic regression model, weighted using
the IPPW, was used to examine the association between
social isolation classes and all-cause mortality, adjust-
ing for sociodemographic, socioeconomic, behavioral,
and clinical confounders. Figure 1 outlines the participant
inclusion chart, depicting the stages at which participants
were excluded from the analysis and the final number of
respondents included in the model. Potential confounders
were selected for inclusion in the final model through a
backward stepwise selection approach, which utilized the
relative change in coefficients for social isolation classes as
a criterion, until the minimum change from the full model
exceeded 5% [46]. Additional sensitivity analyses were con-
ducted to further explore the relationship between social iso-
lation and all-cause mortality.

Results
Descriptive Statistics

Of the 1000 participants in the LISA Study, four were
excluded due to missing information necessary for the
IPPW; the remaining participants were included in the LCA
modelling (N=996). For the purposes of this analysis, we
excluded participants who were lost to follow-up (N =60)
(meaning that mortality information was not available due
to respondents having left the province), resulting in an ana-
lytical sample of 936. This sample was composed of 682
(72.9%) men with a median age of 45 (Quartile 1-Quartile
3 [Q1-Q3]: 40-51). The majority of participants self-iden-
tified as straight (61.8%, N=578), 65.2% (N =610) identi-
fied as White, and 214 (22.9%) were reportedly employed at
time of interview. Weighted percentages and further details
regarding descriptive statistics are outlined in Table 1.
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Fig. 1 Participant inclusion
chart, depicting the stages
at which participants were
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Latent Class Analysis

Through the use of LCA, three classes of social isolation
were identified from the overall sample of 996 respond-
ents. The Socially Connected (SC) class comprised 36.3%
(N'=340) of our sample. Individuals in this class were likely
to be living with at least one other person, be in a relation-
ship, have someone to count on for support and friendship,
identify someone reliable to count on for support and friend-
ship, and report being satisfied socially.

The largest group, the Minimally Isolated (MI) class,
comprised 54.3% (N =508) of the sample. Individuals in
this group were likely to live alone, were not engaged in any
type of relationship, and did not report social satisfaction.
However, participants in this class were likely to report hav-
ing someone reliable to count on for support and friendship.

The Socially Isolated (SI) class comprised 9.4% (N = 88)
of the sample. Participants classified in this group were
likely to live alone, not be engaged in any type of relation-
ship, not be socially satisfied, and lacked the presence of an
individual who could act in a supportive role and provide
friendship.

Mortality

Between enrolment (2007-2010) and December 31st, 2017,
229 (24.5%) participants died during follow-up (Table 2). As
outlined in Table 2, the leading cause of death overall was
due to chronic disease or co-morbidities (41.0%, N=94).
The second leading cause of death, drug and/or alcohol-
related harms, affected 76 (33.2%) of the participants in our
sample. Within each social isolation class, the primary cause
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of death was consistently chronic disease or co-morbidities
(SC: 42.6%, N=29; MI: 38.2%, N=52; SI: 52.0%, N=13).
Similar to the overall breakdown, the second leading cause
of death within each isolation class was alcohol and/or drug-
related harms (SC: 29.4%, N=20; MI: 36.0%, N =49; SI:
28.0%, N=7). Chi-squared analyses revealed that there were
no significant differences between latent isolation classes
and causes of death (Table 3).

The crude all-cause mortality rate for this cohort was
29.2 per 1000 PYs (95% Confidence Interval [95% CI] 25.6,
33.2), and the age-standardized all-cause rate was 30.3 per
1000 PYs (95% C122.2, 38.3). Mortality rates were further
analyzed by social isolation class, resulting in age-stand-
ardized all-cause rates of: 25.9 per 1000 PYs (95% CI 11.9,
40.0) for the SC class; 31.9 per 1000 PYs (95% CI 21.4,
42 .4) for the MI class; and, 46.6 per 1000 PYs (95% CI 17.4,
75.9) for the SI class. The rate ratio for the MI class, with the
SC class as a referent, was 1.2 (95% CI 0.7, 2.3); for the SI
class, the rate ratio was 1.8 (95% CI1 0.7, 4.5).

Multivariable Regression Model

Potential sociodemographic, socioeconomic, behavioral
and clinical confounding factors, as outlined in detail in
Table 4, were adjusted for in the multivariable regression
model. Participants’ missing information for confound-
ers were excluded from the model, resulting in a sample
of 870 respondents. Using the SC class as a referent, we
quantified a significant association between the SI class
and all-cause mortality (Adjusted Odd Ratio [aOR]: 1.48;
95% CI 1.08, 2.01). Though the MI class was not found
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Table 1 Crude and weighted sample characteristics of participants (N=936) in the LISA study, comprised of PLHIV living in British Columbia,

Canada (2007-2010)

Variable N=936 Crude % Weighted % 95% CI of
weighted
%
Exposure
Social isolation
Socially connected 340 36.3 41.8 37.8,45.8
Minimally isolated 508 54.3 49.5 45.5,53.5
Socially isolated 88 94 8.7 6.5,109
Outcome
Death
No 707 75.5 81.8 79.0, 84.6
Yes 229 24.5 18.2 15.4,21.0
Sociodemographic confounders
Gender
Man 682 72.9 81.9 79.3, 84.6
Women 254 27.1 18.1 15.4,20.7
Age (per 1-unit increase) median (Q1-Q3) 936 45 (40-51) 46 (41-53) -
Sexual orientation
Straight 578 61.8 443 40.4, 48.1
Gay/lesbian 264 28.2 47.1 43.0,51.2
Bisexual/other 94 10.0 8.6 6.5,10.8
Ethnicity
White 610 65.2 74.6 71.4,77.8
Indigenous 261 27.9 15.2 13.1,17.4
Other® 65 6.9 10.2 7.5,12.9
Stable housing
No 305 32.6 19.6 17.0,22.1
Yes 630 67.4 80.4 77.9, 83.0
Unknown 1 - - -
Regional health authority
Interior health 33 3.6 4.7 2.9,6.6
Fraser health 175 19.1 21.9 18.4,25.4
Vancouver coastal health 609 66.5 64.1 60.1, 68.0
Island health 79 8.6 79 5.8, 10.0
Northern health 20 22 1.4 0.6,2.1
Unknown 20 - - -
Socioeconomic confounders
Education
Some high school or less 382 40.9 26.0 23.0,29.1
Completed high school 553 59.1 74.0 70.9,77.0
Unknown 1 - - -
Employed
No 722 77.1 65.6 61.6,69.7
Yes 214 22.9 344 30.3,38.4
Behavioral confounders
History of incarceration
No 440 47.2 66.8 63.5, 70.1
Yes 493 52.8 33.2 29.9, 36.5
Unknown 3 - - -
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Table 1 (continued)

Variable N=936 Crude % Weighted % 95% CI of
weighted
%

Current illicit drug use
No 431 46.3 56.6 52.6, 60.5
Yes 500 53.7 43.4 39.5,47.4
Unknown 5 - - -

History of IDU
No 356 38.2 66.4 63.2, 69.5
Yes 575 61.8 33.6 30.5, 36.8
Unknown 5 - - -

Current alcohol problem
No 448 48.4 58.2 54.3,62.1
Yes 478 51.6 41.8 37.9,45.7
Unknown 10 - - -

Recent violence
No 789 84.8 89.7 87.7,91.8
Yes 141 15.2 10.3 8.2,12.3
Unknown 6 - - -

I have been able to accept the fact that I have HIV
Strongly agree 350 37.5 425 38.5,46.6
Agree 488 52.2 484 44.4,52.4
Neutral 42 4.5 4.1 2.6,5.6
Disagree 43 4.6 4.1 2.6,5.6
Strongly disagree 11 1.2 0.9 02,15
Unknown 2 - - -

Perceived neighborhood cohesion (per 1-unit increase) median (Q1-03) 929 56 (41-47) 60.3 (44.4-71.4) -

Clinical confounders

Mental health disorder diagnosis
No 338 36.2 424 38.4,46.5
Yes 595 63.8 57.6 53.5,61.6
Unknown 3 - - -

Depressive symptoms
No 397 42.6 49.9 45.9,53.9
Yes 534 57.4 50.1 46.1, 54.1
Unknown 5 - - -

Adherence >95% 1 year after first ART date
No 448 49.0 38.5 347,423
Yes 466 51.0 61.5 57.7,65.3
Unknown 22 - - -

BMI
Underweight 62 6.7 39 2.8,5.0
Normal 618 66.4 64.2 60.3, 68.2
Overweight 186 20.0 239 20.3,27.5
Obese 65 7.0 7.9 5.7,10.2
Unknown 5 - - -

CD4 at interview date (per 100-unit increase) median (Q1-0Q3) 936 350 (220-530) 410 (270-600) -

Percentages obtained through weighting with inverse probability of participation weighting (IPPW) presented here, along with the 95% confi-

dence intervals of the weighted percentages

IDU injection drug use, ART antiretroviral therapy, BMI Body Mass Index, Q/-Q3 Quartile 1-Quartile 3
4ncludes individuals who identified as Asian, African, Caribbean, Black, Central American, Middle Eastern, South American, and other
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Table 2 Reported cause of death among individuals who died (overall) and for the identified social isolation classes: (1) socially connected, (2)

minimally isolated and (3) socially isolated (N =229)

Cause of death Overall Socially connected Minimally isolated Socially isolated
N=229 (%) N=68 (%) N=136 (%) N=25 (%)

Accident or suicide 5(2.2) <5 <5 0(0.0)

Chronic disease or co-morbidities 94 (41.0) 29 (42.6) 52 (38.2) 13 (52.0)

Drug and/or alcohol-related 76 (33.2) 20 (29.4) 49 (36.0) 7 (28.0)

HIV-related 41(17.9) 13 (19.1) 23 (16.9) 5(20.0)

Unknown® 13(5.7) 5(7.4) 8(5.9) 0(0.0)

ICD-10 codes related to each cause of death category are available in appendix (Online Appendix 1)

“Refers to unknown cause of death

Table 3 Chi-squared analyses

Cause of death Latent isolation class
of cause of death among
individuals within identified Socially connected Minimally isolated ~ Socially isolated  P-value
social isolation classes N=68 (%) N=136 (%) N=25 (%)
(N=229)
Accident or suicide 0.999
No 62 (98.4) 124 (96.9) 25 (100.0)
Yes <5 <5 0(0.0)
Chronic disease or co-morbidities 0.514
No 34 (54.0) 76 (59.4) 12 (48.0)
Yes 29 (46.0) 52 (40.6) 13 (52.0)
Drug and/or alcohol related 0.489
No 43 (68.3) 79 (61.7) 18 (72.0)
Yes 20 (31.7) 49 (38.3) 7 (28.0)
HIV-related 0.898
No 50(79.4) 105 (82.0) 20 (80.0)
Yes 13 (20.6) 23 (18.0) 5(20.0)
Unknown® 5 (100.0) 8 (100.0) 0 (100.0) -

ICD-10 codes related to each cause of death category are available in appendix (Online Appendix 1)

#Refers to unknown cause of death

to be significantly associated with all-cause mortality, the
direction of the effect was as anticipated (aOR: 1.07, 95%
CI0.89, 1.29).

Additional sensitivity analyses were carried out to further
examine the effect of social isolation on all-cause mortality.
In one analysis, we removed CD4 cell count as a confounder
from the multivariable model (Table IIS); we observed a
decrease in effect size ([MI] aOR: 1.04, 95% CI 0.87,
1.26; [SI] aOR: 1.40, 95% CI 1.03, 1.90). Further, we also
excluded history of injection drug use from the multivari-
able model, where we observed a similarly small increase
in effect size ([MI] aOR: 1.13, 95% CI 0.94, 1.36; [SI] aOR:
1.55,95% CI 1.14, 2.10) (Table IIIS). In the last sensitiv-
ity analysis, we removed any marker of mental health (a
mental health diagnosis ever, depressive symptoms and HIV
acceptance) from the adjusted model (Table IVS). We noted
a small decrease in effect size ((MI] aOR: 1.06, 95% CI 0.88,
1.28; [SI] aOR: 1.43,95% CI 1.05, 1.93).

Discussion

Our analysis identified three classes of social isolation
among PLHIV in our sample: Socially Connected, Mini-
mally Isolated, and Socially Isolated. We then investigated
the relationship between isolation and all-cause mortal-
ity. While the relationship between the MI group and all-
cause mortality was non-significant, we found a significant
association between the SI group and all-cause mortal-
ity, after adjustment for confounders. Descriptively, the
leading cause of death, overall, was chronic disease or
co-morbidities and the second leading cause of death was
drug and/or alcohol-related harms.

With advancements in effectiveness and uptake of ART,
PLHIV are living longer lives [47]. However, challenges
remain that elevate the risk of adverse health outcomes
among PLHIV. This is highlighted by the differences in
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Table 4 Multivariable logistic
regression model, weighted
by inverse probability

of participation weights,
quantifying the association
between identified social
isolation classes: (1) socially
connected, (2) minimally
isolated and (3) socially

Variable

Death before December 31st, 2017

(no vs. yes)

Adjusted odds ratio (95% CI)

Exposure

Social isolation
Socially connected
Minimally isolated

1.00
1.07 (0.89, 1.29)

isolated, and all-cause mortality

(N=870) Socially isolated

Sociodemographic confounders
Age (per 1-unit increase)
Stable housing
Regional health authority
Interior health
Fraser health
Vancouver coastal health
Island health
Northern health
Socioeconomic confounders
Employed

Behavioral confounders

1.48 (1.08, 2.01)

1.04 (1.03, 1.05)
0.52(0.43, 0.65)

1.00

2.48 (1.46,4.21)
1.70 (1.02, 2.83)
1.64 (0.91, 2.93)
2,62 (1.12, 6.11)

0.39(0.31, 0.49)

I have been able to accept the fact that I have HIV

Strongly agree

Agree

Neutral

Disagree

Strongly disagree
History of incarceration
History of IDU

Perceived neighbourhood cohesion (per 1-unit increase)

Clinical confounders
Mental health disorder diagnosis
Depressive symptoms
BMI
Underweight
Normal
Overweight
Obese

CD#4 at interview date (per 100-unit increase)

1.00

1.08 (0.90, 1.29)
1.52 (1.02, 2.28)
1.44 (0.94, 2.18)
0.79 (0.33, 1.88)
1.61 (1.30, 1.98)
1.77 (1.41,2.22)
1.02 (1.01, 1.02)

0.66 (0.55, 0.79)
1.42 (1.17, 1.71)

1.00

0.46 (0.32, 0.68)
0.28 (0.18, 0.43)
0.36 (0.22, 0.59)
0.90 (0.86, 0.93)

The model did not include participants with unknown (missing) information for confounders, resulting in a
final sample size of 870 when running the multivariable logistic regression model

aOR adjusted odds ratio, CI confidence interval, /DU injection drug use, BMI body mass index

all-cause mortality rates in our sample of PLHIV (30.3 per
1000 PYs; 95% CI 22.2, 38.3), in comparison to that of the
general Canadian population in 2016 (7.4 per 1000 PYs)
[37]. Given this stark difference, there is a need to bet-
ter understand the impact of psychosocial factors, such as
social isolation, on quality of life among PLHIV. As pre-
viously described, the leading cause of death within this
sample is chronic disease and co-morbidities, inclusive
of cardiovascular disease and pulmonary disease; social
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isolation has been associated with these conditions in the
general population [5, 10, 12]. This is particularly relevant
for PLHIV, who are at increased risk of co-morbidities,
such as cardiovascular disease and non-AIDS related can-
cers, due to chronic inflammation as a consequence of
immune activation and dysregulation [48-50]. Previous
research also suggests that social isolation may elevate
inflammation levels [51]. Therefore, we hypothesize that
inflammation may act as a mediator along the pathway
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between social isolation and all-cause mortality [13]. This
hypothetical mechanism is similar to that of the stress-
mediated pathway, wherein greater levels of stress result
in heightened immune activation and inflammation [13,
14]. Therefore, it is possible that social isolation is act-
ing synergistically with other immunological processes to
elevate the degree of inflammation among PLHIV, lead-
ing to heightened risk of morbidity and mortality; this
demonstrates the importance of focusing on the impacts
of psychosocial determinants to improve quality of life
among PLHIV.

While we did not investigate this in our analyses, we
hypothesize that social isolation may be intrinsically
associated with the second leading cause of death within
this sample: drug and/or alcohol-related harms. Among
PLHIYV, rates of both alcohol use and substance use dis-
orders are higher than in the general population [52-54].
This is particularly relevant in the context of the overdose
crisis occurring throughout North America, largely a result
of synthetic opioids, such as fentanyl and other analogues
[55]. Overdose deaths within BC have increased dramati-
cally in recent years, jumping from 211 in 2010 to 1535
deaths in 2018 [55]. These fatal overdoses have resulted in
a decrease in the overall life expectancy within the prov-
ince [55, 56] and the declaration of a public health emer-
gency [57]. Throughout the province, approximately 70%
of overdose events that resulted in death involved people
who were consuming substances alone [56]. Therefore, it
is conceivable that socially isolated individuals are more
vulnerable to fatal overdose events, given that they may
be more likely to use alone. As such, while we focused
our modeling on all-cause mortality (grouping all causes
of death), we hypothesize that there may be two avenues
leading to death among people who are socially isolated;
one being the physiological mechanism as a result of
inflammatory responses, and the other involving harms
related to substance use.

These pathways are potentially reflected in the all-cause
mortality rates observed per isolation class, wherein both
the age-standardized all-cause mortality rates and rate ratios
increase with heightened isolation. The greatest mortality
rate is observed among the SI class, which further empha-
sizes the potential vulnerability faced by socially isolated
individuals. While it should be noted that the chi-squared
analyses resulted in no significant differences between social
isolation classes per cause of death, it is feasible that this is
aresult of small cell sizes. Lastly, given the stepwise nature
of the effects of social isolation observed in our data (as the
effect size for the MI class is smaller than that for the SI
class), it could be hypothesized that the negative impacts of
isolation are not an all-or-none phenomenon; rather, social
isolation could be working in a more gradual, insidious man-
ner to impact health outcomes.

Positive actions to mitigate social isolation can be
approached broadly from a public policy standpoint [11];
experts in the field have called for inquiries into social isola-
tion at post-surgical clinical follow-up [58, 59] and during
routine geriatric assessments [59] within the larger com-
munity. As such, HIV physicians and other healthcare prac-
titioners providing care to PLHIV could consider includ-
ing similar isolation inquiries into their regular practices,
and refer patients to community-based organizations for
opportunities related to social engagement. This is of par-
ticular importance and interest to practitioners due to the
noted relationship between social support and HIV-related
quality of life [60]. Social support can protect against the
negative effects of stigma on HIV-related health outcomes
[61]. However, stigma is also associated with lower levels
of social support [19], meaning that identifying individuals
with lower social support as a result of stigma or other fac-
tors is an important consideration when evaluating health
outcomes, due to the protective effects of social support.
Further to this point, individuals who are isolated, by defini-
tion, participate less in their communities. That being said,
people who are experiencing loneliness are more likely to
seek medical care and it has been hypothesized that this may
be done, in part, as a means of fulfilling social needs [62]. In
this scenario, there may be a unique opportunity to engage
with PLHIV experiencing social isolation.

Our analysis has certain limitations to consider. First,
our use of observational data makes it difficult to estab-
lish causality due to unmeasured or imperfectly measured
confounders. Further, while we hypothesize that social
isolation results in morbidities and subsequent mortality
as a result of inflammation and behavioral-based mecha-
nisms, we did not examine this explicitly in our study. It
is possible that the pathway is bi-directional, meaning that
illness precludes social participation thus resulting in iso-
lation. An additional consideration involves the instability
of social isolation and potential fluctuations in isolation
over time [63]; we used cross-sectional measures related
to social isolation in our LCA that were collected at the
time of the LISA interview (2007-2010). Therefore, the
further away the mortality event is from the interview, the
more difficult it is to temporally link social isolation to
death later on in time. However, previous studies which
have explored social isolation and health-related outcomes
did so with a follow-up period varying from 3 to 21 years
[30]. Investigations into the impact of transient versus
chronic loneliness on health status demonstrated that,
although those who were chronically lonely experienced
the most negative health outcomes, both loneliness states
resulted in lower health status [64]. Longitudinal analyses
investigating the effects of periodic versus chronic social
isolation, and assessments of the proportion of overall life
spent in isolation on mortality should be carried out. This
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study oversampled people marginalized by socio-structural
inequities; however, potential bias as a result of selective
participation was addressed through inverse probability
of participation weighting. Lastly, in our examination of
specific causes of death, small sample sizes may explain
the lack of significant findings. Further investigation is
warranted with larger sample sizes to investigate social
isolation and mortality, by cause of death.

Conclusions

Our study indicates that social isolation is linked with all-
cause mortality among PLHIV in BC. In order to unpack
this relationship, future research should include commu-
nity consultation and qualitative analyses, with the intent
to investigate positive actions that would result in greater
integration of PLHIV into communities, averting experi-
ences of isolation. Our work indicates that the examination
of interventions that may mitigate social isolation is war-
ranted. The importance of social relationships on health and
well-being, along with other psychosocial factors that affect
health outcomes, must be considered with gravity.
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