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Abstract We used latent class analysis to identify sub-

stance use patterns for 1363 women living with HIV in

Canada and assessed associations with socio-economic

marginalization, violence, and sub-optimal adherence to

combination antiretroviral therapy (cART). A six-class

model was identified consisting of: abstainers (26.3%),

Tobacco Users (8.81%), Alcohol Users (31.9%), ‘Socially

Acceptable’ Poly-substance Users (13.9%), Illicit Poly-

substance Users (9.81%) and Illicit Poly-substance Users of

All Types (9.27%). Multinomial logistic regression showed

that women experiencing recent violence had significantly

higher odds of membership in all substance use latent

classes, relative to Abstainers, while those reporting sub-

optimal cART adherence had higher odds of being mem-

bers of the poly-substance use classes only. Factors sig-

nificantly associated with Illicit Poly-substance Users of

All Types were sexual minority status, lower income, and

lower resiliency. Findings underline a need for increased

social and structural supports for women who use sub-

stances to support them in leading safe and healthy lives

with HIV.

Keywords Substance use � Violence � Antiretroviral
adherence � HIV/AIDS � Women

Introduction

While much research has examined substance use as a risk

factor for sub-optimal HIV treatment outcomes including

sub-optimal adherence to combination antiretroviral ther-

apy (cART) [1–4], far less research has investigated poly-

substance use patterns, particularly among women and in

relation to systems of oppression. Most commonly, previ-

ous studies have shown that use of any illicit drug (e.g.,

heroin, cocaine, amphetamines, opioids) is negativelyAdditional research team members and affiliated institutions are listed
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associated with cART adherence [5, 6]. Other studies

looking at different types of illicit drugs have found that

stimulant use has the most deleterious impact [7, 8],

especially crack cocaine among economically disadvan-

taged women living with HIV [9]. Regarding alcohol, the

most commonly used substance among women in general

[10], some studies show any use [5] contributes to sub-

optimal adherence while others do not [11] or have

implicated frequent use [12–14]. Findings on cannabis use

are also mixed, with most studies, though not all [15],

suggesting no association [3, 6, 16]. Less research has been

conducted on tobacco use, however independent associa-

tions with sub-optimal cART adherence [4] are reported.

How these substances may co-occur among women

remains largely unexplored, however, and investigating

this in relation to sub-optimal adherence is critical given

the attendant consequences to overall health and survival

[17–19].

Among women with HIV who use substances, growing

evidence points to the role of gender-based violence as a

contributor to poorer cART adherence. A recent meta-

analysis of psychological trauma and posttraumatic stress

disorder among women living with HIV in the United

States (US) estimated women’s lifetime prevalence of

intimate partner violence at 55.3% (95% confidence

interval (CI) 36.1–73.8%), double the national rate [20].

In terms of recent violence, estimates range from 22%

[21] to 50% [22], with higher odds among women who

use substances regardless of the type (e.g., problematic

drinking, non-intravenous drug use, marijuana, crack) and

those reporting other markers of poverty and oppression

(e.g., less than a highschool education, housing instability,

food insecurity) [21, 23, 24]. The co-occurrence of vio-

lence, substance use, and socio-economic disadvantage is

particularly common among women with HIV who are

involved in street-based sex work [25–27] as well as

young Canadian Indigenous women healing from histori-

cal trauma [28]. Many of these women contend with

intersectional stigma associated with HIV, drug use, sex

work, race, and low income (among other social cate-

gories) [29, 30], which can enhance vulnerabilities to poor

health outcomes [31]. Indeed, a large body of evidence

shows independent associations between violence and

increased risks of both HIV infection [32] and poor out-

comes after HIV diagnosis, including reduced engagement

in care [33–35], lower cART use [33–35] and self-re-

ported cART adherence [22], and detectable viral loads

[33–35].

The clustering of substance (ab)use, violence, and HIV/

AIDS (SAVA) issues among women at-risk for and women

living with HIV has received growing attention in the lit-

erature [36, 37]. SAVA has been described as a syndemic

[38, 39], or ‘‘a set of intertwined and mutually enhancing

epidemics involving disease interactions at the biological

level that develop and are sustained in a community/pop-

ulation because of harmful social conditions and injurious

social connections’’ [40]. Studies employing SAVA com-

posite variables reveal the synergistic nature of violence,

substance use, and other social forces present in women’s

lives including poverty, mental illness, and risk of HIV

acquisition [41, 42]. The synergistic effects of these epi-

demics impact treatment outcomes among women living

with HIV. For example, a study of 564 women of color

found lower odds of viral suppression with higher SAVA

scores (odds ratio (OR) 0.81 (95% CI 0.66–0.99), a com-

posite variable combining substance use [dichotomized as

ever versus never used illicit drugs (54% of the sample)],

binge drinking in the past 30 days (8.5%), lifetime expe-

rience of intimate partner violence (27.3%), poor mental

health (38%), and sexual risk-taking [37]. These effects

may operate through reduced adherence, although this was

not measured or controlled for in this study. Importantly,

however, recent research suggests that resilience, or the

ability to cope positively in the face of adverse circum-

stances, may be an important buffer against the negative

effects of substance use, violence, and other stressors on

adherence [43].

While these studies provide insight into the intersecting

conditions fuelling HIV-related health inequities, most of

these studies dichotomized individuals into substance users

or non-users via a single variable asking about illicit drug

use, or by asking about specific drug use (e.g., alcohol)

rather than measuring multiple forms of substances as well

as poly-use. This approach masks important heterogeneity

in substance use patterns, since heavy users rarely use a

single substance and some drug combinations may be more

harmful than others [10]. Further, data are frequently

reported for men and women combined with little consid-

eration given to how substance use, cART adherence, or

social circumstances differ by gender. To provide a more

comprehensive picture, the present study used the SAVA

theoretical framework in combination with Latent Class

Analysis (LCA) methodology [44] to model multiple types

of substance use simultaneously and examine associations

with sub-optimal cART adherence, interpersonal violence,

and other social determinants of health among a cohort of

1363 women living with HIV in Canada. Analogous to

factor analysis for categorical variables, LCA has been

used to understand complex substance use patterns and

associated factors among binge drinkers [45], people who

use injection drugs [46], gay and bisexual men [47, 48],

and HIV-negative women [49]. This is the first application

of LCA to understand substance use patterns among

women living with HIV.
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Methods

Study Design

Data for these analyses come from the Canadian HIV

Women’s Sexual and Reproductive Health Cohort Study

(CHIWOS; www.chiwos.ca) [50, 51]. CHIWOS is groun-

ded in community-based research principles [52] and gui-

ded by Social Determinants of Women’s Health [53, 54]

and Critical Feminist [55] frameworks. Participants were

eligible for CHIWOS if they self-identified as a woman

(trans-inclusive) living with HIV, were 16 years or older,

and resided in British Columbia, Ontario, or Quebec.

Between August 27, 2013 and May 1, 2015, we recruited a

total of 1424 women with HIV through peers, HIV clinics,

AIDS Service Organizations, online networks (i.e., www.

facebook.com/CHIWOS; www.twitter.com/CHIWOSre

search), and other methods [56].

Peer Research Associates (PRAs; women living with

HIV with research training), administered questionnaires to

participants in English or French using FluidSurveysTM

software. PRAs received training in community-based

research methods (e.g., ethics, confidentiality, good inter-

view practices) and were responsible for recruiting partic-

ipants, asking the survey questions and entering

participants’ responses into the online data collection tool,

and engaging in knowledge dissemination (including

manuscript co-authorship), among other activities. The

baseline visit took place either in-person at clinic or

community sites, women’s homes or via phone/Skype, and

lasted a median of 120 min (interquartile range (IQR):

90-150).

Wave 2 (18-month) follow-up interviews were com-

pleted in February 2017, and wave 3 (36-month) visits are

currently in-progress. Ethical approval for all study pro-

cedures were provided from Simon Fraser University,

University of British Columbia/Providence Health,

Women’s College Hospital, and McGill University Health

Centre.

Measures

Indicators of Latent Class Membership

Seven substance use indicators for LCA were derived from

18 survey questions on substance use, either in the past

year (alcohol and cannabis) or past 3 months (tobacco and

illicit drugs). Data reduction was used to reduce LCA

model complexity. Each derived variable had three levels,

with the frequency of use collapsed into ‘‘yes’’ and ‘‘no’’

responses as well as a third level for ‘‘abstainers’’ who had

not used any of the 18 substances measured. Final LCA

indicators included: (1) alcohol; (2) tobacco; (3) cannabis;

(4) powder cocaine and other party drugs—a composite

variable including powder cocaine, ecstasy, MDA, acid

(i.e., LCD, PCP), or mushrooms; (5) crack cocaine and

other stimulants—crack cocaine, methamphetamine (i.e.,

crystal meth), or amphetamines (i.e., speed); (6) prescrip-

tion drugs not used in the manner prescribed—benzodi-

azepines (e.g., Ativan, Xanax), opioids (including

Diluadid, Oxycotin/Ocycondone), or sedatives (specifically

Talwin & Ritalin, T3s & T4s); and (7) illicit opioids—

heroin, heroin and cocaine (i.e., speedballs), morphine, or

methadone.

Of note, although powder cocaine and crack cocaine are

the same substance, we separated them into the groupings

shown since they differ in terms of strength, routes of

administration and ensuing effects on the body, as well as

the socio-economics and criminality around use (i.e., crack

cocaine is highly concentrated, smoked, cheaper, and more

highly prosecuted) [57]. All of these factors are relevant to

addiction potential and pertinent to exploring social dis-

parity in substance use and associated effects on cART

adherence among women with HIV. ‘Other party drugs’

and ‘other stimulants’ were grouped with powder cocaine

and crack cocaine, respectively, owing to small cell sizes.

Concerning methadone, while it is legal for opioid

substitution therapy and could be considered a misused

prescription drug, we grouped it with illicit opioids because

of its strong historic and current usage as a heroin substi-

tute. Regarding cannabis, we did not distinguish between

medical versus recreational use but explored self-reported

motivations for use in post hoc analyses. Finally, since

indicators only provided a measure of any use, we also

explored frequency of use in post hoc analyses to assess the

proportion of heavy users in each class.

Correlates of Latent Class Membership

Independent variables considered included: (1) adherence

to cART (trichotomized as never/not currently on cART

versus\95% (non-adherent) versus C95% (adherent),

measured via self-report to a question asking women for

their ‘‘best guess about how much medication they have

taken in the last month’’), (2) any experience of physical,

sexual, verbal, or controlling violence in the past 3 months

(yes vs. no), (3) age (\median (43 years) vs. Cmedian

[43]), (4) ethnicity (Indigenous vs. White vs. African,

Caribbean, or Black vs. Other/multiple ethnicities), (5)

sexual orientation (heterosexual vs. lesbian, gay, bisexual,

two-spirited, or queer (LGBTQ), (6) annual household

income (\$20,000 CAD vs. C$20,000 CAD, near the 2014

poverty line [58]), (7) sex work in the past 6 months (yes

vs. no, with responses coded as ‘‘yes’’ if women reported

receiving money, drugs, shelter, food, gifts, or other items
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in exchange for sex), (8) years since HIV diagnosis

(\median (10.8) vs. Cmedian (10.8)), and (9) resiliency

(the Resilience Scale (RS-10), a = 0.90) [59], a 10-item

scale (e.g., ‘‘When I’m in a difficult situation, I can usually

find my way out of it’’), scored on a 7-point scale from

‘‘Disagree’’ to ‘‘Agree’’, summing to a range of 10–70,

with higher scores indicating higher resilience. We

dichotomized this scale at the median (\median, ‘‘lower

resilience’’ vs. Cmedian ‘‘higher resilience’’) as it had a

non-normal distribution (i.e., it was highly right-skewed).

We employed a strict 95% cut-off definition of cART

adherence for consistency and comparability with past

research [60].

Analysis

Final Analytic Sample

Analyses were restricted to participants who completed the

baseline questionnaire and provided valid responses to all

indicators of latent class membership. Thus, the final ana-

lytic sample for LCA as well as descriptive and bivariable

analyses was 1363 (96% of the total 1424 women enrol-

led). In multivariable analyses, an additional 153 partici-

pants who reported ‘‘don’t know’’ or ‘‘prefer not to

answer’’ to selected covariates were excluded from the

final model (n = 1210).

Latent Class Analysis

We modelled latent classes using PROC LCA for SAS

(https://methodology.psu.edu) [61, 62] based on the seven

substance use indicators described above, and examined

solutions with two to six latent classes. Model identifica-

tion for each solution was assessed by an expectation–

maximization (EM) algorithm [61]. The maximum number

of iterations for the EM algorithm was set to 1000. We

performed 100 repetitions of model estimation for each

solution, using 100 random sets of starting values, to

ensure we found the global maximum log-likelihood (ML)

solution. To select the best model, we considered inter-

pretability of the classes and relied on information criteria:

Akaike information criterion (AIC) [63], Bayesian infor-

mation criterion (BIC) [64], consistent AIC (CAIC) [65]

and adjusted BIC (aBIC) [66]. We used the posterior class

membership probabilities from the LCA model estimation

to weight women across the classes. In doing so, women

were not assigned to one class but rather had a probability

of being in each of the classes. While this multi-step

method may attenuate associations (unlike the simultane-

ous approach that combines LCA with regression into a

joint model), it allows for multivariable regression

modelling with numerous covariates, which, in the one-

step approach, can affect the LCA structure [67].

Descriptive, Bivariable, and Multivariable Analyses

Following LCA, sample characteristics were examined

using frequencies and proportions. We then assessed the

prevalence of covariates across the latent classes, using the

Pearson v2 to test for significant differences. Next, we used

multinomial logistic regression to examine predictors of

latent class membership, reporting adjusted odds ratios

(AORs) and 95% confidence intervals (95% CIs). Model

selections were conducted using a backward stepwise

elimination technique based on two criteria (AIC and Type

III p-values), with the least significant variable dropped

until the final model had the optimum (minimum) AIC

[68]. This resulted in sexual orientation, ethnicity, income,

violence, adherence, and resilience being included in the

model.

Sex work was excluded from the final model as the

referent latent class had only one woman currently

involved in transactional sex, leading to highly unsta-

ble estimates and extremely wide 95% CIs. Time since

diagnosis and age at interview were not selected for. We

did, however, conduct a sensitivity analysis, including age

in the model. The variance around each effect estimate for

age included the null-value of ‘1’ and the AORs and 95%

CIs for all other covariates remained similar. We also

observed a slightly poorer model fit (i.e., higher AIC).

Thus, we retained the original model (i.e., the one without

age).

In presenting results, we adhered to the recent American

Statistical Association statement on best practices that

emphasized reporting both the best effect estimate and the

95% CI around that estimate, rather than p-values [69, 70].

We used SAS version 9.4 (SAS, North Carolina, United

States) for all analyses.

Results

Sample Characteristics

Overall, the sample included 41% women identifying as

White, 30% as African, Caribbean, and Black, and 22% as

Indigenous (Table 1). Median age was 43 (IQR = 35–50),

and median time since HIV diagnosis was 10.8 years

(IQR = 6–17). Thirteen percent identified as LGBTQ, 6%

engaged in sex work in the 6 months prior to interview,

20% reported experiencing violence in the past 3 months,

and nearly two-thirds (65%) had an annual household

income\$20,000. The median resiliency score was 64

(IQR: 59–69). Finally, 17% were never/not currently on
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cART. Among those currently on cART, 73% had the

optimum cART adherence level of C95%.

Substance Use Prevalence and Latent Class Models

The most commonly used substances were alcohol

(n = 804, 59% of overall sample) and tobacco (n = 558,

43%) (Table 2). Cannabis use was reported by 25%

(n = 346) of women. Among the remaining drug group-

ings, crack cocaine and other stimulants were most

prevalent (14%, n = 185), followed by illicit opioids (8%,

n = 103), powder cocaine and other party drugs (7%,

n = 99), and misused prescription drugs (4%, n = 52).

Crack (n = 148) and cocaine (n = 93) accounted for most

of those coded within the groupings ‘crack cocaine and

other stimulants’ and ‘powder cocaine and other party

drugs’.

Table 3 shows the resulting goodness of fit statistics

derived for the different latent class models in which all

above drug types are included, and the percentage of seeds

associated with the ML solution for each model. Although

it had the lowest seed percentage (28/100), which indicates

a complex latent variable, we considered 10% as a cut-off

for inadequate model identification [49] and decided to

select the 6-class model because of the scores associated

with three fit statistics (i.e., lowest log-likelihood,

G-squared, and AIC) and because it contained classes

recognizable as distinct substance user groups.

Table 4 presents six latent classes associated with the

selected model, showing their class membership and item

response probabilities. We named these classes: (1) Ab-

stainers (26.3%)—characterized by almost 100% of

members reporting no current substance use; (2) Tobacco

Users (8.8%)—the numerically smallest class, with almost

100% reporting smoking tobacco, but with few members

using other substances; (3) Alcohol Users (31.9%)—the

largest class, with almost all members reporting alcohol use

combined with low (i.e., tobacco) or very low use of other

substances; (4) Socially Acceptable Poly-substance Users

(13.9%)—group members reported high levels of tobacco,

alcohol and cannabis use; but low use of illicit substances;

(5) Illicit Poly-substance Users (9.8%)—in addition to

tobacco, alcohol, and cannabis use, this group had high

rates of cocaine and other party drug use (39%) as well as

crack and other stimulant drug use (59%); and (6) Illicit

Poly-substance Users of All Types (9.3%)—in addition to

all aforementioned substances, these members also recor-

ded high rates of prescription drug misuse (39%) and

opioids (78%). Arranged in this sequence, LCA analysis

indicates a substance use continuum, from none, through

legal or socially acceptable substances, to illicit substances

exemplified by crack, cocaine, and heroin, for instance, as

well as increased poly-substance use.

Since the indicators making up these classes showed any

use (not frequency of use), we investigated heavy use in

post hoc bivariable analyses (data not shown). Binge

drinking was most prevalent among Illicit Poly-substance

Users (38%) and less common among Socially Accept-

able Poly-substance Users (27%) and Alcohol Users

(19%), suggesting heavy alcohol use co-occurred more

frequently with those using illicit drugs. We also found that

among those who smoked tobacco, most (71–78%) were

heavy smokers (Chalf pack per day) across all classes,

indicating highly addicted smoking behaviors regardless of

other substance use. Among those who used cocaine and

crack, the most prevalent illicit drugs, Illicit Poly-sub-

stance Users of All Types reported higher rates of daily use

of each substance (39%) versus Illicit Poly-substance

Users (10% daily cocaine use, 19% daily crack use), sig-

naling not just more types of drug use but also higher

Table 1 Descriptive statistics of women living with HIV in CHI-

WOS (N = 1363)

Variables Total N (%) or median (IQR)

Age at interview (years) 43 (35–50)

Time since diagnosis (years) 10.8 (6–17)

Sexual orientation

Heterosexual 1191 (87)

LGBTQ 169 (13)

Ethnicity

White 565 (41)

Indigenous 297 (22)

African/Caribbean/Black 403 (30)

Other/multiple ethnicities 98 (7)

Household annual income (CAD)

\$20,000 860 (65)

C$20,000 463 (35)

Current sex work

Yes 77 (6)

No 1187 (94)

Resilience scale 64 (59–69)

Experienced violence in the past 3 months

Yes 271 (20)

No 981 (72)

Adherence

\95% (non-adherent) 300 (22)

C95% (adherent) 827 (61)

Never/not currently on cART 236 (17)

Adherence among those on cART

\95% (non-adherent) 300 (27)

C95% (adherent) 827 (73)

CHIWOS Canadian HIV Women’s Sexual and Reproductive Health

Cohort Study, LGBTQ lesbian, gay, bisexual, two-spirited, or queer,

cART combination antiretroviral therapy (cART)
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intensity drug use in the final latent class. While prob-

lematic cannabis use remained unmeasured, post hoc

analyses showed cannabis use rationale varied markedly by

latent class. Socially Acceptable Poly-substance Users who

used cannabis were likely to report medical reasons for use

(31% prescribed, 21% not prescribed) or both medical and

recreational reasons (29%), as opposed to recreational

reasons alone (19%). The opposite was true for Illicit Poly-

substance Users of All Types who used cannabis: recre-

ational purposes were most common (46%), versus pre-

scription (9%) and non-prescription (18%) medical use and

combined medical/recreational use (27%).

Bivariable and Multivariable Results

Bivariable Chi squared analyses, shown in Table 5, indi-

cate considerable heterogeneity in latent class membership

along several markers of social and clinical wellbeing.

With the exception of Alcohol Users, the proportion of

women identifying as Indigenous increased across each

subsequent class, ranging from 12% of Abstainers to 45%

of Illicit Poly-substance Users of All Types. A similar

pattern was seen with LGBTQ women (range across clas-

ses 9–30%) and those reporting current sex work (1–35%)

and recent violence (7–42%). A downward trend was

observed in higher incomes (36–14% C$20,000) and

higher resiliency scores (61–44% Cmedian). Alcohol

Users, however, were more likely to report inco-

mes C$20,000 compared with Abstainers (48 vs. 36%) and

less likely to report violence (7 vs. 15%), lower (i.e., below

the median) resiliency scores (41 vs. 51%), and Indigenous

ancestry (13 vs. 34%) compared with Tobacco Users. Ad

hoc analyses showed that 78% of the Alcohol Users were

non-binge drinkers in the past month (data not shown),

indicating general (not heavy) alcohol use. Illicit Poly-

substance Users of All Types were also more likely to be

younger: 60% were\43 years, compared with 42–54% of

all other classes. In terms of cART adherence, among those

currently on treatment, Tobacco Users (81%) and Ab-

stainers (79%) had the highest prevalence of being C95%

adherent, followed by Alcohol Users (76%) and all classes

of Poly-substance Users, ranging from a high of 68% for

those using socially acceptable drugs to a low of 58% for

those using all types of illicit drugs.

To explore group membership characteristics further we

ran multinomial logistic regression analyses, using the

Abstainers class as the referent group (Table 6). No inde-

pendent associations were seen for women with Indigenous

ancestry (versus White), while African, Caribbean, and

Black women exhibited significantly lower adjusted odds

of membership in all five latent classes. LGBTQ women

had lower AORs for membership in some latent classes

Table 2 Prevalence of current substance use among women living with HIV in CHIWOS (N = 1363)

Variables Total N (%)

Alcohol, past year 804 (59)

Tobacco, past 3 months 588 (43)

Cannabis, past year 346 (25)

Powder cocaine and other party drugs (cocaine/ecstasy/MDMA/acid/mushrooms), past 3 months 99 (7)

Crack cocaine and other stimulants (crack/methamphetamine/speed), past 3 months 185 (14)

Misused prescription drugs (benzodiazepines/diluadid/oxycotin/oxycodone/Talwin & Ritalin/T3s & T4s), past 3 months 52 (4)

Illicit Opiates (heroin/speedballs/morphine/methadone), past 3 months 103 (8)

CHIWOS Canadian HIV Women’s Sexual and Reproductive Health Cohort Study

Table 3 Comparison of fit

statistics for baseline latent class

analysis models, conducted

among women living with HIV

in CHIWOS (N = 1363)

Number of latent classes 2 3 4 5 6

% Seeds asso. w/best model 100/100 60/100 70/100 31/100 28/100

Log-likelihood -3958.04 -3647 -3533.65 -3508.37 -3489.03

G-squared 1007.12 385.03 158.33 107.77 69.1

AIC 1065.12 473.03 276.33 255.77 247.1

BIC 1216.42 702.6 584.16 641.87 711.45

CAIC 1245.42 746.6 643.16 715.87 800.45

aBIC 1124.3 562.83 396.74 406.8 428.74

CHIWOS Canadian HIV Women’s Sexual and Reproductive Health Cohort Study, AIC Akaike information

criterion, BIC Bayesian information criterion, CAIC consistent AIC, aBIC adjusted BIC

AIDS Behav

123



(i.e., Tobacco and Alcohol) relative to heterosexual

women, but they had higher AORs in the class of Illicit

Poly-substance User of All Types (1.91 (95% CI 1.01,

3.64)). A similarly complex pattern was seen for women

with annual household incomes\$20,000: they were sig-

nificantly more likely to be Tobacco and Illicit Poly-sub-

stance Users of All Types, but less likely to be Alcohol

Users. Women with lower (i.e., below the median) resi-

liency scores were more likely to be members of the class

of Illicit Poly-substance User of All Types, with a best

estimate of 2.08 and effects ranging from 1.52 to 4.44.

Violence was independently associated with membership

in every latent class, with the high odds seen for Illicit

(7.31 (95% CI 3.99, 13.39)) and Illicit-All Type (9.37 (95%

CI 5.02, 17.48)) Poly-substance Users, compared with

users of Alcohol (2.56 (95% CI 1.57, 4.19)), Tobacco (4.13

(95% CI 2.17, 7.86)), and Socially Acceptable Poly-sub-

stances (4.43 (95% CI 2.47, 7.94)). Finally, after adjusting

for sexual orientation, ethnicity, income, violence, and

resiliency, the strength of the association between sub-

optimal adherence and substance use gradually increased

across increasing classes of substance users, ranging from

1.16 (95% CI 0.60, 2.23) for Tobacco Users to 2.56 (95%

CI 1.35, 4.88) for Illicit Poly-substance Users of All Types.

Table 4 Class membership and item-response probabilities for the six-class solution, conducted among women living with HIV in CHIWOS

(N = 1363)

Abstainers

(N = 351)

Tobacco users

(N = 120)

Alcohol users

(N = 435)

Socially accepted poly-

substance users (N = 189)

Illicit poly-

substance users

(N = 134)

Illicit poly-substance users

of all types (N = 126)

Class membership probabilities

0.263 0.088 0.319 0.139 0.098 0.093

Item response probabilities

Alcohol

No 0.00 0.91 0.00 0.18 0.13 0.31

Yes 0.00 0.09 1.00 0.82 0.87 0.69

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

Tobacco

No 0.00 0.00 0.77 0.35 0.09 0.03

Yes 0.00 1.00 0.23 0.65 0.91 0.97

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

Cannabis

No 0.00 0.88 1.00 0.00 0.39 0.51

Yes 0.00 0.11 0.00 1.00 0.61 0.49

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

Powder cocaine and other party drugs (cocaine/ecstasy/MDMA/acid/mushrooms)

No 0.00 0.99 1.00 0.95 0.61 0.71

Yes 0.00 0.01 0.00 0.06 0.39 0.29

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

Crack cocaine and other stimulants (crack/methamphetamine/speed)

No 0.00 0.95 0.98 1.00 0.43 0.23

Yes 0.00 0.05 0.02 0.00 0.57 0.77

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

Misused prescription drugs (benzodiazepines/diluadid/oxycotin/oxycodone/Talwin & Ritalin/T3s & T4s)

No 0.00 1.00 1.00 0.98 1.00 0.61

Yes 0.00 0.00 0.00 0.02 0.00 0.39

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

Opiates (heroin/speedballs/morphine/methadone)

No 0.00 0.97 1.00 1.00 1.00 0.22

Yes 0.00 0.03 0.00 0.00 0.00 0.78

Abstainer 1.00 0.00 0.00 0.00 0.00 0.00

CHIWOS Canadian HIV Women’s Sexual and Reproductive Health Cohort Study

AIDS Behav

123



Table 5 Bivariable associations between social and health positions and latent class membership categories, among women living with HIV in

CHIWOS (N = 1363)

Variables Abstainers

(N = 351)

N (%)

Tobacco

users

(N = 120) N

(%)

Alcohol

users

(N = 435)

N (%)

Socially accepted

poly-substance users

(N = 189) N (%)

Illicit poly-

substance users

(N = 134) N (%)

Illicit poly-substance

users of all types

(N = 126) N (%)

P value

Age at interview (median)

\43 years 194 (54) 50 (42) 200 (46) 91 (48) 65 (49) 76 (60) 0.020

C43 years 165 (46) 70 (58) 235 (54) 98 (52) 69 (51) 51 (40)

Time since diagnosis (median)

\10.8 years 196 (55) 54 (45) 226 (52) 77 (41) 67 (50) 70 (56) 0.031

C10.8 years 163 (45) 66 (55) 209 (48) 111 (59) 66 (50) 56 (44)

Sexual orientation

Heterosexual 327 (91) 107 (89) 410 (94) 155 (83) 103 (77) 89 (70) \0.001

LGBTQ 31 (9) 13 (11) 25 (6) 32 (17) 30 (23) 38 (30)

Ethnicity

White 93 (26) 63 (52) 168 (39) 113 (60) 70 (52) 59 (46)

Indigenous 42 (12) 41 (34) 55 (13) 53 (28) 49 (37) 56 (45) \0.001

African/

Caribbean/

Black

201 (56) 6 (5) 178 (41) 10 (5) 5 (4) 3 (3)

Other/multiple

ethnicities

23 (6) 11 (9) 34 (8) 13 (7) 10 (7) 8 (6)

Household annual income (CAD)

\$20,000 221 (64) 92 (77) 221 (52) 120 (65) 103 (77) 103 (86) \0.001

C$20,000 125 (36) 26 (22) 201 (48) 64 (35) 30 (23) 17 (14)

Current sex work

Yes \5 (1) 6 (5) 7 (2) 8 (5) 17 (14) 39 (35) \0.001

No 329 (99) 109 (91) 399 (98) 169 (95) 107 (66) 74 (65)

Resilience scale

Lower

(\median

(64))

140 (39) 61 (51) 177 (41) 100 (53) 78 (58) 91 (66) \0.001

Higher

(Cmedian

(64))

215 (61) 59 (49) 257 (59) 89 (47) 56 (42) 46 (44)

Experienced violence in the past 3 months

Yes 26 (7) 28 (24) 67 (15) 47 (25) 48 (36) 54 (42) \0.001

No 305 (85) 85 (71) 332 (76) 128 (68) 74 (55) 57 (45)

Adherence

\95% (non-

adherent)

62 (17) 21 (17) 85 (20) 52 (28) 40 (30) 40 (32) \0.001

C95%

(adherent)

229 (64) 89 (74) 276 (63) 111 (59) 67 (50) 55 (44)

Never/not

currently on

cART

68 (19) 11 (9) 74 (17) 26 (13) 26 (20) 31 (25)

Adherence among those on cART \0.001

\95% (non-

adherent)

62 (21) 21 (19) 85 (24) 52 (32) 40 (37) 40 (42)

C95%

(adherent)

229 (79) 89 (81) 276 (76) 111 (68) 67 (63) 55 (58)

CHIWOS Canadian HIV Women’s Sexual and Reproductive Health Cohort Study, LGBTQ lesbian, gay, bisexual, two-spirited, or queer, cART

combination antiretroviral therapy (cART)
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The variance around the estimates excluded the null value

of ‘1’ for the three poly-substance use classes only. Those

never/not currently on cART (vs. adherent to cART) had

reduced odds of membership in every substance use latent

class.

Discussion

In this study, we used LCA to: (1) delineate specific sub-

stance use patterns; (2) identify social determinants of latent

class membership and associations with sub-optimal cART

adherence; and (3) assess results in light of the SAVA

syndemic model. In the first regard, LCA produced a

nuanced picture of multiple socially acceptable and illicit

poly-substance use. Analysis showed important differences

in social identities and economic positions and a trend of

poorer adherence to cART across substance use classes, as

well as increasing violence. Illicit Poly-substance Users of

All Types were the most vulnerable group of women living

with HIV as seen in associations with sexual minority sta-

tus, poverty, and lower resilience and were least likely to

realize optimal cART adherence. These findings add to the

literature documenting the effects of SAVA on health out-

comes for women living with HIV, with particular attention

to complexity of substance use behaviours and their inter-

section with violence and the larger social contexts of

oppression within which substance use and violence are

embedded. In light of this, we argue that singular measures

of substance use (e.g., any use versus no use) mask key

nuances among women who use multiple forms of legal and

illicit drugs as well as differing health and social realities.

Table 6 Adjusted multinomial logistic regression results of factors associated with latent class membership among women living with HIV in

CHIWOSa,c (N = 1210)

Variables Tobacco users

AORa (95% CI)

Alcohol users

AORa (95%

CI)

Socially accepted poly-

substance users AORa (95%

CI)

Illicit poly-substance

users AORa (95% CI)

Illicit poly-substance users

of all types AORa (95% CI)

Sexual orientation

LGBTQ (vs.

heterosexual)

0.73 (0.34,

1.54)

0.48 (0.26,

0.87)

1.22 (0.67, 2.23) 1.53 (0.81, 2.88) 1.91 (1.01, 3.64)

Ethnicity

Indigenous (vs.

White)

1.47 (0.82,

2.64)

0.82 (0.49,

1.37)

1.03 (0.6, 1.76) 1.27 (0.72, 2.26) 1.35 (0.74, 2.47)

African,

Caribbean,

Black (vs.

White)

0.03 (0.01,
0.08)

0.44 (0.31,
0.64)

0.03 (0.01, 0.06) 0.02 (0.01, 0.07) 0.03 (0.01, 0.08)

Other (vs. White) 0.63 (0.26,

1.48)

0.81 (0.43,

1.54)

0.41 (0.18, 0.91) 0.50 (0.20, 1.21) 0.47 (0.18, 1.26)

Household annual income (CAD)

\$20,000

(vs. C$20,000)

1.85 (1.08,
3.18)

0.59 (0.43,
0.81)

1.02 (0.66, 1.58) 1.67 (0.99, 2.83) 2.82 (1.50, 5.31)

Experienced violence in the past 3 months

Yes (vs. no) 4.13 (2.17,
7.86)

2.56 (1.57,
4.19)

4.43 (2.47, 7.94) 7.31 (3.99, 13.39) 9.37 (5.02, 17.48)

Adherence

\95 (vs. C95%) 1.16 (0.6, 2.23) 1.36 (0.89,

2.08)

2.12 (1.23, 3.65) 2.30 (1.26, 4.22) 2.56 (1.35, 4.88)

Never/not currently

on Cart

(vs. C95%)

0.22 (0.1, 0.47) 0.77 (0.5, 1.17) 0.38 (0.21, 0.68) 0.61 (0.33, 1.13) 0.89 (0.47, 1.67)

Resilience scale

\64 (vs. C64

(median))

1.39 (0.86,

2.25)

0.94 (0.68, 1.3) 1.37 (0.9, 2.09) 1.52 (0.94, 2.45) 2.60 (1.52, 4.44)

CHIWOS Canadian HIV Women’s Sexual and Reproductive Health Cohort Study, LGBTQ lesbian, gay, bisexual, two-spirited, or queer
a Adjusted odds ratios and 95% confidence intervals shown; Estimates excluding the null are bolded; Time since diagnosis and age at interview

were not selected for; Sex work was excluded from the model because the Abstainers class had only one woman currently involved in

transactional sex
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In descriptive analyses, alcohol was the most commonly

used substance (59%), though this was quite a bit lower

than national statistics data showing (i.e., 74.3% of Cana-

dian women have drank alcohol in the past year) [10] as

well as data from international HIV cohorts (38–71%)

[11, 71–73]. The prevalence of tobacco (43%) and canna-

bis (25%) use in this cohort was much higher than national

estimates among females (13% and 6.2%, respectively),

albeit comparable to other HIV cohorts [15, 74–78]. The

same was true for rates of illicit drug use (4–14% in

CHIWOS (depending on the substance) versus 1%

nationally) [10, 79], with the most prevalent drugs being

powder cocaine and crack cocaine, consistent with past

research among women living with HIV [9, 80, 81]. Unlike

previous research, however, we exposed patterns of poly-

substance use using LCA. About one-third of women

belonged to the Alcohol Users class, using alcohol almost

exclusively. The second most prevalent latent class was

Abstainers (26.3%), who had not used any of the 18 sub-

stances assessed. Remaining classes of roughly equal pro-

portions included exclusive Tobacco Users (8.8%) and

users of poly-substances including either Socially Accept-

able Drugs (i.e., alcohol, marijuana, cannabis) (13.9%) or

socially acceptable drugs combined with Illicit Drugs,

which was divided into two latent classes (9–10%). These

results provide a comprehensive snapshot of substance use

among women living with HIV, adding to the LCA liter-

ature among other populations [45–49].

This study also linked substance use patterns to treat-

ment sub-optimal adherence. Among women on cART,

73% of women reported more than 95% adherence, com-

parable to estimates from the Women’s Interagency HIV

Study (WIHS) in the US [82]. It is worth noting, however,

that lower levels of adherence can still achieve viral sup-

pression and prevent drug resistance, although this depends

on the potency of cART regimens and length of time

suppressed [83, 84], among other factors (e.g., renal

function, creatinine levels, body weight). While the

majority of participants achieved the 95% adherence cut-

off, this rate varied markedly by substance use: Abstainers,

Tobacco Users, and Alcohol Users had the highest unad-

justed rates (74–79%), while poly-substance users were

least likely to adhere, including both Illicit Drug Users

(58–63%) and Socially Accepted Poly-substance Users

(68%). After adjusting for other factors, the best estimates

corresponding to sub-optimal adherence increased across

increasing types of drug use, from Tobacco Users to Illicit

Poly-substance Users of All Types, though was only sta-

tistically significant for the three poly-substance use clas-

ses. This contradicts past research showing a significant

association between sub-optimal adherence and tobacco

use [4] and alcohol [5, 12, 13], but supports findings con-

cerning illicit drugs like cocaine [7] and crack [9]. It also

brings insight to the impact of multiple socially accept-

able drugs (i.e., tobacco, alcohol, and marijuana com-

bined). Those never/not currently on cART (versus

adherent to cART) had reduced odds of membership in

every substance use latent class. While current guidelines

suggest all individuals should be on treatment [85], there

are a variety of reasons women may not be taking cART

including levels of current health and personal autonomy.

These results are important and bear future study.

Results also demonstrated how substance use patterns

intersect with several social factors, which may help to

explain why some women are less adherent to treatment.

For example, 50% of women identifying as African, Car-

ibbean, and Black were Abstainers and 44% Alcohol Users,

leaving only 6% distributed across the remaining latent

classes. Recent (past 3 months) violence was also partic-

ularly striking, affecting 20% of the cohort overall, but just

7% of Abstainers versus 36–42% of Illicit Drug Users.

This is comparable to prevalence estimates of violence

from some cohorts [21] but lower than others [22].

Importantly, the AORs reported in this study add to evi-

dence linking violence and substance use epidemics

[21, 23, 24], particularly among heavy users of substances,

sex workers [25–27], and young Indigenous women [28].

Indeed, our study found unadjusted associations between

substance use and sex work and younger age (although

these variables were not selected for in the final model

owing to low sample size in some cells), along with

adjusted associations with ethnicity, lower income,

LGBTQ identity, and lower resilience. With the exception

of sexual minority status (to our knowledge), each of these

factors have been implicated in viral suppression and

treatment adherence in past research, with both their

independent [22, 28, 43] and combined (SAVA) effects

documented [37]. It is worth noting that even after

adjusting for variables marking social marginalization,

financial isolation, violence, and resilience, sub-optimal

adherence was still independently and significantly asso-

ciated with poly-substance use (whether socially accept-

able or illicit). This may reflect confounders unaccounted

for in the final multivariable model (e.g., housing insta-

bility, food insecurity). Regardless, findings provide clear

evidence of the clustering of ‘‘mutually enhancing epi-

demics’’ or syndemics, which emerge from ‘‘harmful social

conditions and injurious social connections’’ [40].

There are limitations to this study. Self-reporting of

substance use may have been influenced by social desir-

ability bias, resulting in substance use underreporting.

However, study interviewers were peers (women living

with HIV), who may have improved the quality of data

collection through increased trust and rapport with partic-

ipants [86]. Also, data were derived from a cross-sectional

survey, necessitating longitudinal inquiries such as latent
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transition analyses to evaluate these relationships over time

[49]. Additionally, our LCA substance use indicators were

dichotomous measures, though we did examine frequency

and intensity of use in ad-hoc analyses. We also found

significant associations with cART adherence, violence,

and other social determinants of health, suggesting that our

measure of exposure meaningfully captured substance use

behaviors with negative health consequences. Many factors

contributing to social marginalization including intersec-

tional stigma related to drug use, sex work, and HIV were

not investigated in this study and should be examined in

future research. The study’s strengths include its use of a

large and multi-site sample of women living with HIV, an

under-researched population in Canada. In addition, to our

knowledge, it is the first study to analyze substance use

patterns of women living with HIV by combining LCA and

the SAVA theoretical framework, as opposed to more

traditional approaches employing one broad substance use

indicator in isolation from social contexts. Results offer a

new methodological direction for researchers focused on

the social dimensions and effects of SAVA among women

living with HIV and also have important implications for

care providers.

As women living with HIV have multiple intersecting

needs and concerns, supporting their health requires inte-

grated care protocols and referral systems. Low-barrier

dispensation of cART to those who use substances is an

essential component. The effect of Maximally Assisted

Therapy on supporting HIV treatment adherence has been

documented in Canada [87], along with other similar pro-

grams (e.g., Directly Observed Therapy) in other jurisdic-

tions [88–90]. Linking daily cART administration to daily

witnessed methadone may be particularly promising for

those using heroin or other opioids [91]. Integrating these

interventions with drug harm reduction counseling and

programming onsite is also key, including the creation of

spaces for people to use drugs and, at the same time, access

a range of essential health and social services [92]. Key

elements of such care programs include fostering a safe and

welcoming environment free from stigma and judgement,

meaningfully involving those affected by substance use as

equal partners in service planning and delivery, and tai-

loring supports to individuals’ unique needs [93]. Our

findings also underscore the importance of reducing harms

across the social determinants of women’s health, with

particular attention to violence, poverty, and other social

epidemics marginalizing women [94]. Culturally-relevant,

strength-based approaches that focus on building resiliency

may be helpful [43]. Supporting women with HIV who use

substances is also challenged in Canada by laws that

criminalize drug use [95], and greater attention to creating

more enabling legal and societal structures, not just

individual supports, are needed in research and public

health practice.

Conclusions

Substance use among women living with HIV is varied and

complex, with multiple causes and consequences. This

study delineated complex substance use patterns via LCA

and linked these patterns, empirically and theoretically

using a SAVA lens, to cART sub-optimal adherence and

syndemic factors including violence, poverty, and sexual

minority status. Results showed women experiencing cur-

rent violence and sub-optimal adherence had higher odds

of membership in more illicit drug use latent classes. Based

on these findings, research and support for women living

with HIV who use substances must consider relationships

between substance use, violence, and HIV/AIDS and

address these issues concurrently–not just to support

treatment adherence but, more importantly, to improve

safety and wellbeing for women living with HIV.
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Québec Dada Mamvula Bakombo (McGill University

Health Centre), Jean-Guy Baril (Université de Montréal),
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(McGill University), Ken Montheith (COCQ-SIDA),

Marina Klein (McGill University Health Centre), Carrie

Martin (Native Women’s Shelter of Montreal), Lyne
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