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Abstract

Background: Manitoba is a central Canadian province with annual rates of new HIV infections consistently higher
than the Canadian average. National surveillance statistics and data from the provincial HIV care program suggest
that epidemiological heterogeneity exists across Manitoba. New HIV cases are disproportionately reported among
females, Indigenous-identifying individuals, and those with a history of injection drug use. Given the heterogeneity
in acquisition, it is of interest to understand whether this translates into inequalities in HIV care across Manitoba.

Methods: A sample of 703 participants from a clinical cohort of people living with HIV in Manitoba, with data current
to the end of 2017, was used to conduct cross-sectional, disaggregated analyses of the HIV care cascade to identify
heterogeneity in service coverage and clinical outcomes among different groups receiving HIV care in Manitoba.
Equiplots are used to identify and visualize inequalities across the cascade. Exploratory multivariable logistic regression
models quantify associations between equity variables (age, sex, geography, ethnicity, immigration status, exposure
category) and progression along the cascade. Adjusted odds ratios (AOR) and 95% confidence intervals (95%CI) are
reported.

Results: Equity analyses highlight inequalities in engagement in and coverage of HIV-related health services among
cohort participants. Equiplots illustrate that the proportion of participants in each cascade step is greater for those who
are older, white, non-immigrants, and report no history of injection drug use. Compared to those living in Winnipeg,
participants in eastern Manitoba have greater odds of achieving virologic suppression (AOR[95%CI] = 3.8[1.3–11.2]). The
odds of Indigenous participants being virologically suppressed is half that of white participants (AOR[95%CI] = 0.5[0.3–
0.7]), whereas African/Caribbean/Black participants are significantly less likely than white participants to be in care and
retained in care (AOR[95%CI] = 0.3[0.2–0.7] and 0.4[0.2–0.9], respectively).

Conclusions: Inequalities exist across the cascade for different groups of Manitobans living with HIV; equiplots are an
innovative method for visualizing these inequalities. Alongside future research aiming to understand why inequalities
exist across the cascade in Manitoba, our equity analyses can generate hypotheses and provide evidence to inform
patient-centred care plans that meet the needs of diverse client subgroups and advocate for policy changes that
facilitate more equitable HIV care across the province.

Keywords: HIV, Manitoba, Cohort studies, Epidemiology, Retention in care, Patient care

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: leigh.mcclarty@umanitoba.ca
Institute for Global Public Health, Rady Faculty of Health Sciences, University
of Manitoba, R065 Medical Rehabilitation Building, 771 McDermot Ave,
Winnipeg, MB R3E 0T6, Canada

McClarty et al. BMC Public Health          (2021) 21:281 
https://doi.org/10.1186/s12889-021-10225-w

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-10225-w&domain=pdf
http://orcid.org/0000-0003-0183-2768
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:leigh.mcclarty@umanitoba.ca


Background
Manitoba is a central Canadian province where annual
rates of new HIV infections are consistently higher than
the national average (7.9 vs. 6.9 per 100,000 population,
respectively, in 2018) [1]. Injection drug use (33.9%),
condomless anal sex between men (24.4%), and condom-
less vaginal (heterosexual) sex (20.9%) are the most com-
monly identified HIV risk exposures in Manitoba [2],
and new infections in 2018 were disproportionately high,
compared to the rest of Canada, among individuals iden-
tifying as Indigenous (50% vs. 19.3%) and female (40%
vs. 29.3%) [1, 3]. Additionally, notable heterogeneity in
rates of new HIV infection exists across the province by
geography, age, and sex [3]—in 2018, 77.6% of new diag-
noses occurred in Winnipeg, the provincial capital and
main urban centre, and among newly diagnosed females,
11.6% were ≤ 19 years (compared to 1.6% of males) and
14.0% were ≥ 60 years (compared to 3.1% of males) [3].
At the end of 2018, Manitoba Health, Seniors and Active
Living (MSHAL), estimated that 1572 people were living
with HIV in the province (personal communication, J.
Paul, April 16, 2020), and the Manitoba HIV Program—
the primary provider of HIV care in the province—esti-
mated that approximately 1400 people were in care in
the same year [2].
Over the past decade of HIV research, heavy emphasis

has been placed on the HIV care cascade (“the cas-
cade”)—a framework and analytic tool providing insights
into the continuum of care services for people living
with HIV [4–6]—and its simplified counterparts the 90–
90-90 Initiative [7]. Conventionally, cascades use aggre-
gate data to illustrate the proportion of individuals in a
population of people living with HIV who have been di-
agnosed, linked to HIV care services, retained in care,
then initiated and sustained on HIV treatment to, ultim-
ately, reach virologic suppression. Using aggregate data
to illustrate the continuum of HIV care for an entire
population is useful insofar as it can provide a general
picture of points of “leakage” or “bottlenecks” within a
health system or care program. However, relying on ag-
gregate data to paint a picture of an entire population
risks obscuring the underlying heterogeneity among and
between individuals and groups who make up the popu-
lation. To generate evidence that can help to inform the
development and optimization of interventions and pro-
grams addressing inequities in HIV care, it is crucial to
conduct equity analyses that generate disaggregated cas-
cades to showcase nuances and highlight inequalities
across the cascade steps within a population.
In 2015, all 193 Member States of the United Nations

agreed upon the 2030 Agenda for Sustainable Develop-
ment, comprising seventeen Sustainable Development
Goals (SDGs), which built upon the Millennium Devel-
opment Goals (MDGs) introduced fifteen years earlier

[8]. At the core of the SDGs is the notion of leaving no
one behind, which, “represents the unequivocal commit-
ment … to reduce the inequalities and vulnerabilities
that leave people behind and undermine the potential of
individuals and of humanity as a whole” [9 , p. 6]. This
idea underscores the interconnectedness of the SDGs
and principles of health equity [10]—a noted limitation
of the MDGs [11]. As such, under the auspices of the
SDGs [12], there is a need for research that focuses on
identifying (health) inequalities that exist, examining the
factors that perpetuate and exacerbate these inequalities,
understanding how specific inequalities are related to
broader health inequity [13], and developing strategies
to minimize or, ideally, eliminate them. As noted in
SDG 17, to adequately assess (in)equities, it is necessary
that data are disaggregated by socioeconomic, demo-
graphic and other relevant, context-specific characteris-
tics [11, 12].
Publicly available HIV epidemiological data in Mani-

toba are limited to reports published by the Public
Health Agency of Canada (PHAC) [1] and MHSAL [3],
which focus solely on surveillance data. As such, local
understandings of inequalities in HIV care and clinical
outcomes among different groups in the province are ru-
dimentary. In 2013—through the support of a multi-site
program of research, Advancing Primary Healthcare for
Persons Living with HIV in Canada (the LHIV Study),
funded by the Canadian Institutes of Health Research
[14]—a prospective clinical cohort of people living
with HIV and/or receiving HIV care in Manitoba was
established as an embedded research project within
the Manitoba HIV Program [15]. The establishment
of the LHIV-Manitoba cohort opens up numerous
analytic opportunities to better understand HIV epi-
demiology in Manitoba and, for the first time, pro-
vides access to de-identified, individual-level clinical
data, allowing for disaggregated analyses to take
place.
Here, building upon previous work [15–17], we use

equiplots to present disaggregated cascade analyses (by
age, sex, geography, ethnicity, immigration status, and
HIV exposure category) that visualize inequalities in ser-
vice uptake and clinical outcomes among LHIV-
Manitoba cohort participants who were alive as of 31
December 2017 and had received an HIV diagnosis on
or before that date. Exploratory multivariable logistic re-
gression analyses are used to quantify these inequalities,
generate hypotheses, and provide guidance for future
cascade research in Manitoba. In conjunction with fu-
ture research to understand why identified inequalities
exist across the cascade [6] and how these inequalities
contribute to health inequities [13], our examination of
the cascade through an equity lens [18, 19] will provide
Manitoba’s provincial care program with evidence
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needed to develop patient-centred care plans that meet
the needs of heterogeneous client subgroups, and to ad-
vocate for policy changes addressing inequities in HIV
care across the province.

Methods
Study setting
Manitoba has a population of 1.36-million people, span-
ning over 550,000 km2. Approximately 57% of Manito-
ba’s population lives in the capital city of Winnipeg, 37%
in the western, eastern, and southern regions (rural), and
6% in the north (rural-remote) [20]. HIV care in Mani-
toba is primarily provided through the Manitoba HIV
Program, comprising three clinics—two in Winnipeg
and one in a smaller, rural city in southwestern Mani-
toba. As such, the majority of Program clients living in
rural and rural-remote regions of the province are re-
quired to travel substantial distances to attend clinic ap-
pointments. The Manitoba HIV Program employs a
multidisciplinary care model encompassing a full com-
plement of health and social service providers, including
HIV specialists and family physicians, nurses, pharma-
cists, social workers, and other allied health profes-
sionals. Despite Canada’s publicly funded healthcare
system, no Canadian provinces or territories have a sin-
gle drug plan that provides universal coverage for all,
and out-of-pocket expenses associated with prescription
medications vary substantially depending on an individ-
ual’s insurance coverage [21].

Data sources
Data used to generate disaggregated, cross-sectional analyses
of the Manitoban cascade are derived from the LHIV-
Manitoba clinical cohort dataset, comprising individual-level,
de-identified clinical data linked to provincial administrative
health databases. Clinical cohort data are linked to the most
recently available administrative health datasets and are re-
ported up to 31 December 2017. Manitoba’s administrative
datasets include individual-level records for nearly all con-
tacts within the province’s healthcare system. Linked admin-
istrative data within the cohort include variables pertaining
to physician visits, hospital admissions, prescription drug dis-
pensation, and laboratory testing, including quantitative HIV
plasma viral load data [15]. The process of establishing the
cohort, a complete profile of cohort participants, and a com-
prehensive description of the datasets is detailed in earlier
work [15]. Briefly, the cohort includes 890 unique individuals,
comprising 63.6% of the estimated 1400 clients receiving care
from the Manitoba HIV Program and 56.6% of the estimated
1572 people living with diagnosed HIV in the province. All
adults (≥18 years) living with HIV and/or receiving HIV care
in Manitoba were eligible for participation, unless under the
jurisdiction of the Public Guardian and Trustee of Manitoba
or otherwise unable to make their own healthcare decisions.

Potential participants have the opportunity to agree to any
combination of three separate components of the LHIV-
Manitoba cohort study: (i) have their clinical data collected;
(ii) have their clinical data linked to provincial administrative
health datasets; and/or (iii) indicate interest in being
approached about participating in future HIV research stud-
ies [15]. In total, 725 (81.5%) cohort participants agreed to
have their data extracted from clinical records, and 703
(78.9%) of those participants also agreed to have their clinical
data anonymously linked to administrative health databases.
A limited clinical dataset exists for an additional 165 individ-
uals whose clinical records were reviewed posthumously and
linked to administrative health databases. In total, the linked
dataset comprises 868 participants. Missing data were min-
imal throughout the cohort dataset—9.1% (n= 81) of all par-
ticipants who were alive at enrolment are missing
observations from at least one key variable of interest [16].
Missing data points are excluded from relevant analyses. All
cohort participants who were alive as of 31 December 2017,
had received a positive HIV diagnosis at any point on or be-
fore the same date, and had provided written, informed con-
sent to have their clinical data reviewed and linked to
administrative health datasets were included in a baseline
HIV care cascade model and subsequent equity analyses.

Equity analyses
An HIV care cascade has previously been developed and
specifically tailored to accommodate available data sources
within Manitoba [16]. The existence of a single insurer re-
sponsible for payment of the majority of health services in
the province (MHSAL) and linkable, population-based ad-
ministrative health databases afforded opportunities for
developing sensitive and data-intensive indicator defini-
tions [16, 17] similar to definitions used in other provinces
[22, 23]. Table 1 outlines the established definitions for
five indicators representing each step of the Manitoban
cascade, which were derived data from both clinical co-
hort data (CD4 cell count data) and linked administrative
health datasets (viral load, physician visits, and drug dis-
pensation data).
Throughout the paper, the term “inequality” describes

measured differences in outcomes between groups, whereas
“inequities” refer to the implications of population-level in-
equalities, which, in the context of public health, are under-
stood to be fundamentally unjust or unfair [13]. To examine
inequalities across the Manitoban care cascade, we identified
relevant equity variables available within the cohort by which
each cascade step indicator was then disaggregated. These
variables—which have been recommended for use in equity
analyses previously [10, 11, 19]—included age; sex; geo-
graphic location of residence; self-identified ethnicity; immi-
gration status; and primary HIV exposure category, identified
using a “risk hierarchy” framework [24]. A participant’s geog-
raphy is categorized by provincial Regional Health Authority
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(Supplementary Figure, see Additional File 1), which is in-
ferred from the postal code of residence recorded in the co-
hort database [25]. Participants are categorized as
“immigrants” if they were foreign-born and had immigrated
to Canada in 2001 or later [26] (Maritim C, McClarty L,
Leung S, Bruce S, Restall G, Migliardi P, Becker M. HIV
treatment outcomes among newcomers living with HIV in
Manitoba, Canada JAMMI In press), or “non-immigrants” if
they were either Canadian-born or foreign-born, having im-
migrated to Canada before 2001.

Equiplots
To aid in the visualization of equity analyses, equiplots
[27] were used to present the proportion of participants
within each group—defined by key equity variables—who
reach each cascade step, thus illustrating inequalities in
progression along the cascade. Data were excluded from
equiplot analyses for participants living outside of Mani-
toba or without a known permanent address. Equiplots
were generated in Stata 15.1 (College Station, TX) using
code available through the International Centre for Equity
in Health, Universidad Federal de Pelotas, Brazil [27].

Multivariable logistic regression models
The in care, retained in care, on treatment, and virologic-
ally suppressed cascade steps (as defined in Table 1) were
used as dichotomous outcome variables and the afore-
mentioned equity variables were included as categorical
exposure variables in multivariable logistic regression
models. For each of the four outcomes of interest, six indi-
vidual models were constructed to quantify associations
between individual equity variables and reaching each cas-
cade step. All equity variables were converted into dummy
variables in the models and were tested for collinearity
prior to inclusion. Cohort participants living outside of
Manitoba and those who had no known address recorded
in their medical files were excluded from multivariable
models quantifying inequalities across the cascade, disag-
gregated by geographic region (Model 3 in Table 4).

Adjusted odds ratios (AOR) are presented using 95% con-
fidence intervals (95%CI) to assess statistical significance.
Crude analyses from unadjusted models are presented in
the Supplementary Table (see Additional File 2). All statis-
tical analyses were performed using Stata 15.1 (College
Station, TX).

Results
In total, 703 cohort participants were alive and had re-
ceived an HIV diagnosis as of 31 December 2017. Distri-
butions of key equity variables among these participants,
disaggregated by cascade step, are presented in Table 2.
Among the 703 alive and diagnosed participants

(100%), 638 (90.8%) met the definition of in care, 606
(86.2%) were retained in care, 573 (81.5%) were on treat-
ment, and 523 (74.4%) had reached the virologically sup-
pressed step of the cascade at the end of the 2017
calendar year (Fig. 1).

Examining the cascade through an equity lens
Analyzing the Manitoba cascade data through an equity
lens highlights a number of inequalities in the propor-
tion of cohort participants who reached the in care,
retained in care, on treatment, and virologically sup-
pressed steps. Data corresponding to each of the pre-
sented equiplots are presented in Table 3.

Age
Disaggregated by age group, cascade data (Fig. 2 and Table
3) indicate that a greater proportion of participants reach
all four cascade steps with each increase in age group;
multivariable logistic regression analyses (Model 1 in
Table 4) support this visual interpretation. Compared to
participants aged 18–29 years, those in the 40–49, 50–59,
and 60–69 year age groups have significantly greater odds
of being in care (AOR[95%CI] = 2.51[1.03–6.11],
4.53[1.73–11.89], 5.05[1.52–16.69], respectively), retained
in care (AOR[95%CI] = 3.28[1.51–7.13], 3.69[1.67–8.14],
and 6.37[2.27–17.85], respectively), on treatment

Table 1 Indicator definitions for the Manitoban HIV care cascade model

CASCADE STEP DEFINITION

Alive and diagnosed Cohort participants who were alive as of 31 December 2017 and received a positive diagnosis for HIV at any point on or
before 31 December 2017.

In care Among those alive and diagnosed:
Cohort participants who had at least 1 viral load test or CD4 count or physician visit for HIV* within the first 180 days of 2017
(or within 180 days of HIV diagnosis, if diagnosed in 2017).

Retained in care Among those in care:
Cohort participants who had at least 2 occurrences of a viral load test and/or a physician visit for HIV, at least 90 days apart, in 2017.

On treatment Among those retained in care:
Cohort participants who had at least 2 antiretroviral drug dispensations, at least 90 days apart, in 2017.

Virologically
suppressed

Among those on treatment:
Cohort participants whose last viral load test result in 2017 was below 200 HIV RNA copies/mL.

* Physician visits were identified using medical claims (captured through physician billings) associated with HIV-related International Classifications of Disease
(ICD)-9 and/or ICD-10 codes
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(AOR[95%CI] = 2.01[0.96–4.24], 3.27[1.58–6.77], 4.39[2.0
8–9.30], 4.99[2.05–12.15], respectively), and virologically
suppressed (AOR[95%CI] = 2.77[1.37–5.59], 3.75[1.83–
7.68], 4.53[1.96–10.44], respectively). However,

participants aged 30–39 years are only at significantly
greater odds of being retained in care compared to
the 18–29 year reference age group (AOR = 2.39,
95%CI:1.07–5.34).

Table 2 Distribution of equity variables among LHIV-Manitoba cohort participants in each step of the HIV care cascade as of 31
December 2017

HIV care cascade step Alive and
diagnosed

In Care Retained in
care

On treatment Virologically
suppressed

Total participants in cascade step, N 703 638 606 573 523

n % n % n % n % n %

Age range, in years

18–29 41 5.8 32 5.0 27 4.5 24 4.2 21 4.0

30–39 127 18.1 109 17.1 105 17.3 94 16.4 79 15.1

40–49 200 28.5 180 28.2 173 28.6 164 28.6 149 28.5

50–59 233 33.1 220 34.5 206 34.0 201 35.1 188 36.0

60+ 102 14.5 97 15.2 95 15.7 90 15.7 86 16.4

Mean (SD) 48.5 (11.5) 49.1 (11.3) 49.3 (11.3) 49.5 (11.2) 49.9 (11.2)

Median (IQR) 49.3 (40.3–55.9) 49.9 (40.9–
56.1)

49.9 (40.9–56.4) 50.2 (41.3–
56.4)

50.6 (42.3–56.7)

Sex

Male 507 72.1 463 72.6 438 72.3 414 72.3 380 72.7

Female 196 27.9 175 27.4 168 27.7 159 27.8 143 27.3

Geography, by region

Winnipeg 572 81.4 523 82.0 495 81.7 467 81.5 427 81.6

Northern Manitoba 25 3.6 22 3.5 22 3.6 21 3.7 18 3.4

Western Manitoba 25 3.6 19 3.0 18 3.0 18 3.1 18 3.4

Eastern Manitoba 44 6.3 43 6.7 41 6.8 40 7.0 40 7.7

Southern Manitoba 27 3.8 24 3.8 23 3.8 21 3.7 15 2.9

Other a 10 1.4 7 1.1 7 1.2 6 1.1 5 1.0

Self-identified ethnicity

White 307 43.7 289 45.3 279 46.0 266 46.4 252 48.2

Indigenous 269 38.3 243 38.1 225 37.1 207 36.1 175 33.5

Sub-Saharan African/Caribbean/Black 91 12.9 76 11.9 74 12.2 72 12.6 70 13.4

Other b 36 5.1 30 4.7 28 4.6 28 4.9 26 5.0

Immigration status c

Non-immigrant 613 87.2 565 88.6 536 88.5 505 88.1 457 87.4

Immigrant 90 12.8 73 11.4 70 11.6 68 11.9 66 12.6

Self-identified HIV exposure category

Condomless anal sex between men (MSM) only 243 34.6 224 35.1 214 35.3 199 34.7 191 36.5

MSM + injection drug use (IDU) 20 2.8 18 2.8 17 2.8 16 2.8 16 3.1

IDU only 110 15.7 99 15.5 91 15.0 85 14.9 68 13.0

Condomless vaginal (heterosexual) sex 310 44.1 281 44.0 268 44.2 257 44.9 232 44.4

No identified risk/Other risk d 20 2.8 16 2.5 16 2.6 16 2.8 16 3.1
a Includes participants with no known address and those with permanent addresses outside of Manitoba. These participants are excluded from equiplot and
multivariable logistic regression analyses
b Includes Latin American, East/Southeast Asian, South Asian, West Asian/North African/Middle Eastern
c “Immigrants” are foreign-born participants who immigrated to Canada in 2001 or later [26]. “Non-immigrants” are either Canadian-born participants or foreign-
born participants who immigrated to Canada before 2001
d “Other risk” includes recipients of blood/blood products, perinatal acquisition, occupational exposure
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Sex
The equiplot illustrating disaggregated cascade estimates
for male and female participants (Fig. 3) highlights simi-
larities between groups at each step with distinguishable,
though small, differences in the in care (91.3 and 89.3%,
respectively) and virologically suppressed (75.0 and
73.0%, respectively) cascade steps (Table 3). Data pre-
sented in Table 4 (Model 2) indicates that female partici-
pants tend to have greater odds of being in each
successive cascade step compared to male participants,
but these differences are not statistically significant.

Geography
Inequalities are observed between the proportions of co-
hort participants in each cascade step when data are dis-
aggregated by geographic region (Fig. 4). Given that the
majority (81.9%) of cohort participants reside in the
Winnipeg, the proportion of Winnipeg-based cohort
participants in each cascade step are similar to the cas-
cade estimates for the entire cohort, depicted in Fig. 1.
Visual analysis of equiplot data suggests very little leak-
age occurs between cascade steps among participants
living in eastern Manitoba. However, Fig. 4 and Table 3
highlight substantial drop-off between the alive and di-
agnosed and in care steps among western Manitobans
(100 to 76.0%), and between the on treatment and viro-
logically suppressed steps among those living in northern
(84.0 to 72.0%) and southern regions (77.8 to 55.6%). Lo-
gistic regression Model 3 (see Table 4) indicates that
compared to those living in Winnipeg, the odds of being
in care are significantly lower for participants living in
western Manitoba (AOR = 0.33, 95%CI:0.12–0.90). Fur-
thermore, compared to participants living in Winnipeg,
the odds of being virologically suppressed for those living
in eastern Manitoba is nearly four-times greater (AOR =
3.82, 95%CI:1.31–11.17).

Ethnicity
Compared to all other ethnicity categories white cohort
participants comprise the greatest proportion in each step
across the cascade (Fig. 5). The proportions of participants
identifying as sub-Saharan African/Caribbean/black
(ACB) and those in the Other ethnicity category are rela-
tively low in the in care step (83.5 and 83.3%, respectively),
whereas the proportions of Indigenous participants in the
on treatment and virologically suppressed steps are rela-
tively low (77.0 and 65.1%, respectively). Accordingly,
Model 4 in Table 4 highlights that compared to white par-
ticipants, the adjusted odds of being in care is significantly
lower for ACB participants (AOR = 0.34, 95%CI:0.15–
0.73) and being categorized as retained in care is less likely
for both ACB (AOR= 0.43, 95%CI:0.22–0.86) and Indi-
genous (AOR = 0.57, 95%CI:0.33–0.97) participants. Fur-
thermore, the odds of being on treatment and reaching
the virologically suppressed step are approximately half for
Indigenous participants compared to white participants
(AOR = 0.55, 95%CI:0.33–0.92 and AOR = 0.54, 95%CI:
0.34–0.84, respectively).

Immigration status
After controlling for age group, sex, and ethnicity, a par-
ticipant’s immigration status was not found to signifi-
cantly influence their odds of being in a given cascade
step (see Table 4, Model 5). However, the equiplot in
Fig. 6 and data in Table 3 highlight a number of import-
ant inequalities between groups. In general, the propor-
tion of participants who had immigrated to Canada in
2001 or later is notably lower than the proportion of
non-immigrant participants in the in care (81.1% vs
92.2%, respectively), retained in care (77.8% vs 87.4%,
respectively), and on treatment (75.6% vs 82.4%) cas-
cade steps.

Fig. 1 Baseline HIV care cascade model for Manitoba. Alive and diagnosed step is denominator for each subsequent cascade step
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HIV exposure category
Disaggregating cascade data by HIV exposure category
(Fig. 7) revealed few inequalities across cascade steps.
Most notably, the proportion of participants whose

primary HIV risk is injection drug use (IDU) categorized
as virologically suppressed (61.8%) is at least 15% lower
than the same for all other groups (Table 3). Compared
to male participants reporting condomless anal sex with

Table 3 Number and percentage of participants in each HIV care cascade step as a percentage of those alive and diagnosed as of
31 December 2017, disaggregated by equity variables

HIV care cascade step Alive and
diagnosed

In Care Retained in care On treatment Virologically
suppressed

Total participants in cascade
step, N

703 638 606 573 523

n % of alive and
diagnosed

n % of alive and
diagnosed

n % of alive and
diagnosed

n % of alive and
diagnosed

n % of alive and
diagnosed

Age range, in years

18–29 41 100 32 78.0 27 65.9 24 58.5 21 51.2

30–39 127 100 109 85.8 105 82.7 94 74.0 79 62.2

40–49 200 100 180 90.0 173 86.5 164 82.0 149 74.5

50–59 233 100 220 94.4 206 88.4 201 86.3 188 80.7

60+ 102 100 97 95.1 95 93.1 90 88.2 86 84.3

Sex

Male 507 100 463 91.3 438 86.4 414 81.7 380 75.0

Female 196 100 175 89.3 168 85.7 159 81.1 143 73.0

Geography, by region a

Winnipeg 572 100 523 91.4 495 86.5 467 81.6 427 74.7

Northern Manitoba 25 100 22 88.0 22 88.0 21 84.0 18 72.0

Western Manitoba 25 100 19 76.0 18 72.0 18 72.0 18 72.0

Eastern Manitoba 44 100 43 97.7 41 93.2 40 90.9 40 90.9

Southern Manitoba 27 100 24 88.9 23 85.2 21 77.8 15 55.6

Self-identified ethnicity

White 307 100 289 94.1 279 90.9 266 86.6 252 82.1

Indigenous 269 100 243 90.3 225 83.6 207 77.0 175 65.1

Sub-Saharan African/
Caribbean/Black

91 100 76 83.5 74 81.3 72 79.1 70 76.9

Other b 36 100 30 83.3 28 77.8 28 77.8 26 72.2

Immigration status c

Non-immigrant 613 100 565 92.2 536 87.4 505 82.4 457 74.6

Immigrant 90 100 73 81.1 70 77.8 68 75.6 66 73.3

Self-identified HIV exposure category

Condomless anal sex between
males (MSM) only

243 100 224 92.2 214 88.1 199 81.9 191 78.6

MSM + injection drug use
(IDU)

20 100 18 90.0 17 85.0 16 80.0 16 80.0

IDU only 110 100 99 90.0 91 82.7 85 77.3 68 61.8

Condomless vaginal
(heterosexual) sex

310 100 281 90.6 268 86.5 257 82.9 232 74.8

No identified risk/Other risk d 20 100 16 80.0 16 80.0 16 80.0 16 80.0
a N = 693 in the alive and diagnosed step. Data from 10 participants who either lived outside of Manitoba or lacked current address data in their medical records
were removed for equiplot and multivariable logistic regression analyses
b Includes Latin American, East/Southeast Asian, South Asian, West Asian/North African/Middle Eastern
c “Immigrants” are foreign-born participants who immigrated to Canada in 2001 or later [26]. “Non-immigrants” are either Canadian-born participants or foreign-
born participants who immigrated to Canada before 2001
d “Other risk” includes recipients of blood/blood products, perinatal acquisition, occupational exposure
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other men (MSM), participants with a history of IDU
are half as likely to be included in the virologically sup-
pressed step (Model 6 in Table 4, AOR = 0.48, 95%CI:
0.27–0.85). The proportion of participants reporting
condomless sex—either anal or vaginal—as their primary
HIV exposure categories are distributed similarly across
cascade steps (Fig. 7), although a slight inequality
emerges between these groups at the virologically sup-
pressed step (78.6% vs 74.8%, respectively).

Discussion
In general, our data indicate that Manitobans living with
HIV are progressing well along the cascade and are
nearly meeting 90–90-90 targets—81.5% of those alive
and diagnosed are on treatment and 91.3% of those on
treatment are virologically suppressed (Fig. 1). However,
equity analyses highlight important inequalities in pro-
gression along the HIV care cascade among cohort par-
ticipants within different sociodemographic groups.
Disaggregating our cascade data calls attention to clear
inequalities in HIV care and outcomes by age, geog-
raphy, and ethnicity among cohort participants. In gen-
eral, individuals who are younger and non-white are less
likely than their counterparts to reach subsequent cas-
cade steps. Notable heterogeneity also exists along the
cascade based on participants’ reported HIV exposure
categories, with MSM progressing relatively well partici-
pants reporting IDU having relatively poor odds of
reaching virologic suppression. These trends are not un-
precedented; similar inequalities across the cascade have
been noted in a variety of contexts [28–32]. While our
multivariable logistic regression analyses highlight spe-
cific inequalities of statistical significance across the

cascade, the use of equiplots to analyze disaggregated
cascade data is an innovative and important method for
identifying inequalities that, although not statistically
significant, are highly relevant and should be considered
during programmatic planning and design to address
population-level inequities in HIV-related health out-
comes. On the quest to generate evidence that can in-
form policy and program development aimed at
minimizing health inequities, using cascade data, both
aggregated and disaggregated, to identify inequalities in
health outcomes and service access, delivery, and
utilization is necessary, but insufficient. As Seckinelgin
[6] and Zamora and colleagues [11] have argued,
employing additional methodologies, such as qualitative
inquiry and community-based participatory research, to
inform policy and program design is crucial.
When it was first introduced in 2011 by Gardner and

colleagues [4], the spectrum of engagement of HIV care,
which ultimately became the HIV care cascade, was
framed as an analytic tool for mapping individual- and
population-level progression through the continuum of
HIV care services. Specifically, Gardner’s model [4] pro-
vides a framework through which to determine the pro-
portion of individuals in various stages along the
continuum, and to “explore the potential impact of in-
terventions to improve engagement in care” (p.795).
However, over time, the cascade, and its simplified coun-
terparts, the 90–90-90 Initiative [7] and the 95–95-95
Fast-Track targets [33], have been adopted or endorsed
by global technical and policy normative bodies (e.g.
UNAIDS [7, 33] and the World Health Organization
[34]), and used to guide and influence international HIV
policy development [6]. Expanding the utility of the

Fig. 2 Inequalities across the Manitoban HIV care cascade, by age group. N = 703 at alive and diagnosed
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cascade framework from an analytic tool to a large-scale
decision- and policy-making framework is problematic
because, as Seckinelgin [6] notes, “the model itself does
not analyse the broader socio-political and economic
conditions that interact with individuals’ experiences of

HIV and that inform their decisions to engage with
health services” [6]. In the process of developing health
policies that align with the principles of health equity
and the SDG commitment to leaving no one behind, it
is essential for decision-makers to thoroughly consider

Table 4 Adjusted odds ratios (AOR) and 95% confidence intervals (95%CI) estimated using multivariable logistic regression models
to quantify associations between equity variables (age, sex, ethnicity, immigration status, geography, HIV exposure categories) and
reaching each step of the HIV care cascade among LHIV-Manitoba clinical cohort participants as of 31 December 2017

HIV CARE CASCADE STEP IN CARE RETAINED IN CARE ON TREATMENT VIROLOGICALLY SUPPRESSED

Total participants in cascade step, N 638 606 573 523

AOR 95%CI AOR 95%CI AOR 95%CI AOR 95%CI

Age range, in years (Model 1) a

18–29 Ref. – Ref. – Ref. – Ref. –

30–39 1.62 0.65–4.02 2.39 1.07–5.34 2.01 0.96–4.24 1.57 0.77–3.24

40–49 2.51 1.03–6.11 3.28 1.51–7.13 3.27 1.58–6.77 2.77 1.37–5.59

50–59 4.53 1.73–11.89 3.69 1.67–8.14 4.39 2.08–9.30 3.75 1.83–7.68

60+ 5.04 1.52–16.69 6.37 2.27–17.85 4.99 2.05–12.15 4.53 1.96–10.44

Sex (Model 2) b

Male Ref. – Ref. – Ref. – Ref. –

Female 1.29 0.70–2.38 1.43 0.84–2.42 1.51 0.94–2.42 1.45 0.95–2.22

Geography, by region (Model 3) c

Winnipeg Ref. – Ref. – Ref. – Ref. –

Northern Manitoba 0.64 0.17–2.35 1.23 0.35–4.41 1.37 0.44–4.26 1.06 0.42–2.70

Western Manitoba 0.33 0.12–0.90 0.44 0.17–1.11 0.65 0.26–1.66 1.03 0.41–2.61

Eastern Manitoba 3.04 0.40–23.04 1.91 0.56–6.48 2.27 0.77–6.64 3.82 1.31–11.17

Southern Manitoba 0.64 0.18–2.35 0.95 0.31–2.95 0.92 0.35–2.45 0.55 0.24–1.27

Self-identified ethnicity (Model 4) d

White Ref. – Ref. – Ref. – Ref. –

Indigenous 0.72 0.37–1.40 0.57 0.33–0.97 0.57 0.36–0.91 0.45 0.30–0.69

Sub-Saharan African/Caribbean/Black 0.34 0.15–0.73 0.43 0.22–0.86 0.57 0.30–1.08 0.73 0.40–1.33

Other e 0.40 0.14–1.13 0.42 0.17–1.05 0.68 0.28–1.66 0.70 0.31–1.57

Immigration status f (Model 5) g

Non-immigrant Ref. – Ref. – Ref. – Ref. –

Immigrant 0.73 0.23–2.33 0.66 0.23–1.86 0.65 0.24–1.77 0.84 0.34–21.0

Self-identified HIV exposure category (Model 6)

Condomless anal sex between males (MSM) only Ref. – Ref. – Ref. – Ref. –

MSM+ injection drug use (IDU) 0.87 0.18–4.19 0.91 0.24–3.43 1.16 0.35–3.79 1.47 0.45–4.78

IDU only 0.79 0.32–1.98 0.66 0.32–1.38 0.87 0.45–1.66 0.48 0.27–0.85

Condomless vaginal (heterosexual) sex 1.11 0.50–2.44 0.96 0.50–1.83 1.29 0.73–2.28 0.84 0.51–1.39

No identified risk/Other risk h 0.41 0.11–1.59 0.63 0.18–2.28 1.05 0.30–3.67 1.08 0.32–3.64

a Multivariable model 1: n = 703; adjusted for sex and ethnicity
b Multivariable model 2: n = 703; adjusted for age group and ethnicity
c Multivariable model 3: n = 693; adjusted for age group, sex, and ethnicity
d Multivariable model 4: n = 703; adjusted for age group and sex
e Includes Latin American, East/Southeast Asian, South Asian, West Asian/North African/Middle Eastern
f “Immigrants” are foreign-born participants who immigrated to Canada in 2001 or later [26]. “Non-immigrants” are either Canadian-born participants or foreign-
born participants who immigrated to Canada before 2001
g Multivariable models 5 and 6: n = 703; adjusted for age group, sex, and ethnicity
h “Other risk” includes recipients of blood/blood products, perinatal acquisition, occupational exposure
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how social determinants of health influence and mani-
fest inequalities in health outcomes and access to health
services [10, 35].
As we demonstrated, performing equity analyses using

HIV care cascade data, and illustrating inequalities along
the cascade using equiplots, concisely draws attention to
points along the cascade at which specific groups of indi-
viduals are unable to optimally engage in HIV care or
reach target health outcomes. Still, these analyses provide
insufficient context or explanation for leakages along the
cascade. In order to appreciate nuances in observed in-
equalities across the cascade, and to understand, for

example, why people are having a hard time engaging in
their HIV care and how to best support equitable access
for all, complementary research approaches, namely quali-
tative inquiry and community-based participatory re-
search, are necessary [6, 11, 36].
Next, using our analyses in this paper as an example,

we demonstrate one way to expand the utility of innova-
tive data visualization techniques, such as the equiplot.
In Fig. 4, obvious discrepancies exist in the proportions
of cohort participants from different geographic regions
in Manitoba falling within each cascade step. Of particu-
lar interest to the Manitoba HIV Program may be the

Fig. 3 Inequalities across the Manitoban HIV care cascade, by sex. N = 703 at alive and diagnosed

Fig. 4 Inequalities across the Manitoban HIV care cascade, by geography. N = 693 at alive and diagnosed
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relatively low proportions of individuals living in western
Manitoba categorized as in care and the substantial leak-
age at the virologically suppressed step among partici-
pants living in southern Manitoba. Indeed, previous
research has also identified substantial geographic het-
erogeneity in engagement in HIV care [31, 37], some of
which may be attributable to limited access to services
due to physical distance [38], or other individual-, com-
munity-, and structural-level barriers [32, 37, 39]. Al-
though our disaggregated analyses have provided a

useful starting point for understanding geographic het-
erogeneity in HIV care in Manitoba, further mixed
methods explorations will be necessary to delve into un-
derstanding the complex circumstances that shape
inequities along the cascade before meaningful recom-
mendations can be made to inform local programming
or policy. A next step to understand geographic inequal-
ities will require further disaggregating data (e.g. by sex,
age, socioeconomic status) to uncover whether specific
groups within geographic regions are further vulnerable

Fig. 5 Inequalities across the Manitoban HIV care cascade, by ethnicity. N = 703 at alive and diagnosed

Fig. 6 Inequalities across the Manitoba HIV care cascade, by immigration status. N = 703 at alive and diagnosed
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to suboptimal engagement. Once a reasonable level of
granularity is achieved in identifying “key groups” who
may require additional support to engage in HIV care,
program adjustments and policy development should
then be based upon further-contextualized understand-
ings of barriers to engagement in care through meaning-
ful community involvement in program and policy
decisions [11, 36]. Policy and programmatic decisions
aimed at reducing health inequities must incorporate
nuanced conceptualizations of how the various factors
that influence access to and engagement with necessary
and appropriate health services interact and overlap [39]
to create specific conditions that prevent individuals
from progressing through the HIV care cascade and
other care continua [6]. If these complexities are not
considered, and instead the linear logic inherent to the
cascade [6] is privileged, policies intended to reduce gaps
in equity will continue to miss the mark.

Study limitations
This study has a few limitations that must be noted.
First, a number of limitations inherent to the design of
our clinical cohort have been described in detail else-
where [14–17]. Opportunities to participate in the co-
hort are introduced to individuals in the context of their
clinic appointments with the Manitoba HIV Program;
participation is optional and does not impact the way
that HIV care and other services are received. Still, we
have to assume that selection bias may be influencing
our analyses, and actual engagement in HIV care among
the clinic population may be lower than we are able to
assess from the cohort. For the same reasons, we cannot

presume that our findings are generalizable to the
broader population of people living with HIV in Mani-
toba, although previous work suggests that these data
are reasonably representative of larger population in
HIV care in Manitoba [15]. Second, using the LHIV-
Manitoba cohort as a starting point for the first step of
the cascade means that we cannot ascertain information
about the proportion of people living with undiagnosed
HIV in Manitoba and thus limits our ability to generate
provincial estimates for all 90–90-90 targets. Finally,
available data were limited such that we were unable to
analyse the Manitoban HIV care cascade by income,
level of education, or other socioeconomic status (SES)
indicators. This will be an important addition to this
work, which we will undertake as we move forward with
more detailed analyses of our cohort data.

Conclusion
Our findings highlight a need for further investigation
into the complex and dynamic circumstances that shape
the lives of people living with HIV in Manitoba and, ul-
timately, influence the ability of certain groups to engage
in their HIV care. While our cascade equity analyses
provide a useful starting point to work toward achieving
health equity and leaving no one behind for people living
with HIV in Manitoba, eliciting meaningful policy and
programming change will require deeper, more compre-
hensive work to understand barriers and facilitators to
engagement in care.
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