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Human papillomavirus (HPV) vaccination across a cascade of knowledge, willingness,
and uptake among gay, bisexual, and other men who have sex with men in Canada’s
three largest cities
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ABSTRACT ARTICLE HISTORY

Background: Some Canadian jurisdictions offer publicly funded HPV vaccine to gay, bisexual, and other
men who have sex with men (GBM) aged <26 years. We characterized factors associated with being in
different stages of HPV vaccination.

Methods: Engage is a sexual health study of GBM in the three largest Canadian cities recruited via
respondent driven sampling (RDS). We categorized participants as: (1) unaware of HPV vaccine, (2)
undecided/unwilling to get vaccinated, (3) willing to get vaccinated, (4) vaccinated with one or more
doses. Our RDS-Il weighted analyses used multinomial logistic regression to identify factors associated
with being in earlier stages of the cascade compared to Stage 4.

Results: Across the cities, 26-40%, 7-14%, 33-39%, and 13-28% were in Stages 1 to 4, respectively.
Compared to Stage 4, being in earlier stages of the cascade was associated with bisexual-identification
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(Stage 1: adjusted odds ratio[aOR] = 2.84, 95% confidence interval[Cl] = 1.06-7.62; Stage 2: aOR = 3.09,
95%Cl = 1.19-8.05), having immigrated to Canada (Stage 1: aOR = 1.79, 95%CI 1.07-2.99), preference to
keep same-sex romantic relationships private (Stage 1: aOR = 1.25, 95% Cl = 1.05-1.48; Stage 2: aOR = 1.24,
95%Cl = 1.05-1.46), not receiving sexual health information (Stage 1: aOR = 0.31, 95% ClI = 0.13-0.71;
Stage 2: aOR = 0.27, 95%Cl = 0.12-0.64), not accessing a health-care provider (Stage 2: aOR = 0.36, 95%
Cl = 0.15-0.83), and no past hepatitis A/B vaccination (Stage 1: aOR = 0.16, 95% Cl = 0.09-0.30; Stage 2:
aOR = 0.18, 95%Cl = 0.09-0.35; Stage 3: aOR = 0.38, 95%CI = 0.21-0.61).

Discussion: Interventions are needed to reduce social and financial barriers, increase sexual health
knowledge, and improve GBM-competent health-care access to increase vaccine uptake among GBM.

Introduction

Gay, bisexual, and other men who have sex with men (GBM)
are a priority population for human papillomavirus (HPV)
vaccination due to a higher risk of HPV and HPV-associated
disease compared to men who have sex with women.'”
Canada’s National Advisory Committee on Immunization
(NACI) recommends all GBM get vaccinated regardless of
age.! Canada has a publicly funded universal health-care sys-
tem that is implemented at the provincial/territorial level such
that vaccination programs, including the type of vaccine and
who is eligible to receive them, may differ across the country.

In September 2015, September 2016, and January 2016, respec-
tively, the provinces of British Columbia, Ontario, and Québec,
implemented targeted HPV vaccination programs allowing
GBM <26 years old to receive publicly funded HPV
vaccine.*® Older men ineligible for programs must have vac-
cine costs covered by private insurance or pay out-of-pocket
for a vaccine that costs up to $560.° Men >15 years old in
Canada are considered to have completed their HPV vaccina-
tion series and be fully protected against HPV after three
doses.'® Québec is the only province where men 15-18 years
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old require only two doses for completion.” All provinces and
territories in Canada also have school-based HPV vaccination
programs where young girls, and as of 2018, boys can get
vaccinated for free in the school setting.

Most existing literature on HPV vaccination among GBM has
focused on vaccine acceptability and highlighted the influence of
factors such as perceived disease severity, understanding the
benefits of vaccination, positive attitudes toward the vaccine,
self-efficacy, and cues to action such as HPV vaccine effective-
ness, most of which are cognition-based features."''* Focusing
on these cognitive factors places most of the responsibility of
getting vaccinated on the individuals themselves rather than
addressing the broader social (e.g. socio-economic status and
health-care quality) and programmatic barriers (e.g. health-care
access and publicly funded program age and sexual orientation
restrictions), which may also play a significant role. These social
and programmatic factors may be comparable or have a greater
impact on vaccination than cognitive features.'>'® Qualitative
interviews conducted among Canadian GBM uncovered inter-
related “structurally-produced vaccine hesitancies,” such as
socio-economic factors and differences in healthcare recommen-
dations, that must be addressed to increase HPV vaccine
uptake.”'” The World Health Organization’s (WHO) Strategic
Advisory Group of Experts (SAGE) on Vaccine Hesitancy also
emphasized that only looking at cognitive determinants when
studying vaccine hesitancy may limit potential strategies to
increase vaccine uptake at individual and population levels.'®
A recent systematic review and meta-analysis on acceptability,
uptake, and completion of vaccines, including HPV, among
GBM highlighted the importance of determining barriers and
facilitators of vaccination by country given differences in socio-
cultural factors and structure of healthcare systems.'” Only one
HPV vaccine acceptance study in the review was from Canada
and it was conducted prior to the implementation of targeted
publicly funded HPV vaccination programs. There were no
Canadian studies on HPV vaccine uptake.

Additionally, among the existing studies on HPV vaccina-
tion among GBM, vaccine knowledge, willingness to get vacci-
nated, and uptake have been explored as separate,
dichotomous outcomes, suggesting these outcomes occur in
isolation from one another. This has resulted in a lack of
understanding of how men unaware of the vaccine or those
unwilling or willing to get vaccinated differ from those that
have been vaccinated. A stage-based framework across these
outcomes may provide a more thorough understanding of the
vaccination process. Past studies have used stage-based
approaches to explore predominantly cognitive determinants
(e.g. attitudes and beliefs) of HPV vaccine decision-making
among parents of boys as well as young women.”*">* These
stages have been informed by theoretical models such as the
Precaution Adoption Process Model and Transtheoretical
Model.****> The influence of the factors examined differed
significantly depending on which stage people were in. In this
study, we hypothesized that the same may be true for the
influence of broader social and programmatic factors across
stages of vaccination among adult GBM. To do this, we used
a stage-based framework of HPV vaccine awareness, willing-
ness, and uptake, which we will refer to as the HPV vaccination
cascade.

Methods
Design and participants

We analyzed data from the Engage Study, a community-
recruited sexual health cohort study of GBM in Vancouver,
Toronto, and Montreal. Our study is cross-sectional in design
since baseline data were used for these analyses; follow-up for
Engage is still ongoing. Eligible men were >16 years of age, had
sex with another man in the past 6 months, were able to read
English or French, and provided written informed consent.
Each city recruited men using respondent driven sampling
(RDS) from February 2017-August 2019. RDS is used to
recruit samples who are not feasible to recruit using random
sampling methods.”® Initial participants or “seeds” were
recruited into the study and each seed was given six coupons
to recruit members from their social networks. Participants
were compensated $50 for participating in Engage and an
additional $15 for each additional participant they recruited
into the study. Recruitment details have been described in
more detail elsewhere.”” > The study received ethical approval
from Ryerson University, University of Toronto, St. Michael’s
Hospital, University of Windsor, University of British
Columbia, University of Victoria, Simon Fraser University,
and McGill University Health Center.

Data collection

All participants self-completed a comprehensive questionnaire
on demographics, health services use/access, vaccination, com-
munity and societal context, partner relationships, and sexual
behaviors at enrollment using computer assisted self-interview
(CASI). The questionnaire was developed based on several
frameworks®?~>2 (e.g. access to health care framework®®) and
from field-tested instruments such as Canadian M-Track™* and
the US Centers for Disease Control and Prevention behavioral
surveys.”® Each city also has a Community Engagement
Committee, which was consulted in the creation of the
questionnaire.

HPV vaccination cascade

For the HPV vaccination cascade, we characterized men in
terms of their position along the cascade, which included the
following mutually exclusive stages: (1) unaware of the HPV
vaccine, (2) aware of the vaccine yet undecided/unwilling to get
vaccinated, (3) aware of the vaccine and willing to get vacci-
nated, and (4) aware of the vaccine and vaccinated with one or
more doses (Figure 1).

Stages of the cascade were created using HPV vaccine-
related questions from the Engage questionnaire (Figure 1).
Prior to asking the questions on vaccine willingness, a short
preamble was provided explaining eligibility for publicly
funded programs or the cost of the vaccine, if ineligible. Since
men >27 years old would be ineligible for publicly funded
vaccine in the three provinces, to align with vaccine willingness
with men eligible for publicly-funded programs, we asked men
227 years old whether they would get vaccinated if the vaccine
was free and they had to disclose their sexual activity to
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Mutually exclusive categories of the cascade

Figure 1. Mutually exclusive categories of the HPV vaccination cascade, which were broken down by vaccine knowledge, vaccine initiation, and willingness to get

vaccinated. Questions used to create stages included above each stage.

a healthcare provider (Figure 1). For questions on vaccine
awareness, men stating ‘no’ or ‘unsure’ to questions were
grouped because they were not asked additional questions on
HPV vaccination. Men stating ‘no’ or ‘unsure’ to the question
on vaccine initiation were considered unvaccinated. Self-
reported vaccination status has a 89-96% sensitivity, 76-97%
specificity, and 73-84% accuracy.’® > Since 79% (982/1247) of
men were willing to get vaccinated, there were not enough men
in the ‘undecided’ or ‘unlikely’ categories to warrant their own
stages for modeling purposes. Thus, willingness to get vacci-
nated was dichotomized as unlikely/undecided versus likely.

Variables of interest

The WHO SAGE Working Group Determinants of Vaccine
Hesitancy Matrix guided independent variable selection.'® The
Matrix includes contextual influences, individual and group
influences, and vaccine/vaccination-specific issues. We selected
measures from the Engage questionnaire that aligned with the
determinants from the Matrix (Table 1).

Statistical analysis

In studies using RDS recruitment, men with larger social net-
works may have a greater probability of being recruited into
the study.*' To account for this unequal probability of recruit-
ment, all proportions, unless otherwise specified, and multi-
variable multinomial regression models were weighted using

RDS-1I Volz-Heckathorn weights.*' These weights are inver-
sely proportional to a participant’s self-reported social network
size within each city.*' Network size was measured using the
question, “How many men who have sex with men aged
16 years or older, including trans men, do you know who live
or work in the [City] area (whether they identify as gay or
otherwise)? This includes gay/bi guys you see or speak to
regularly; e.g., close friends, boyfriends, spouses, regular sex
partners, roommates, relatives, people you regularly hang out
with, etc.”

We described characteristics of the sample overall
(unweighted), and by city (weighted). We estimated the pro-
portion of men that fell into each category of the HPV vaccina-
tion cascade and tested for differences in proportions across
cities using the chi-squared test. Seeds were included in all
analyses.

Univariable and multivariable analysis

We explored social and programmatic factors associated with
being in earlier stages of the cascade compared to having
initiated vaccination (Stage 4). Vaccine initiation was selected
as the reference category so we could determine the barriers
men in earlier stages must overcome to reach the vaccination
stage. Data were combined across cities. Since RDS relies on
social network ties, recruiters may be more likely to recruit
individuals more like themselves.”*** Nonetheless, through
multiple simulations, Avery, et al.** found that clustering had
little impact on regression models using RDS data and simpli-
fied models without clustering adjustment were recommended.



5416 R. GREWAL ET AL.

Table 1. Alignment of measures with the determinants of vaccine hesitancy
matrix'® for exploration of stage in the HPV vaccination cascade among gay,
bisexual, and other men who have sex with men, Engage Study, 2017-2019.

Determinant Sub-category Questionnaire measure

Education

Financial strain®
Sexual orientation
Country  of  birth

Contextual influences:
Influences arising due to
historic, socio-cultural,
environmental, health
system/institutional, (immigration)
economic or political ® Ethnicity/race
factors Communication ® Received information

and media about sexual health in

environment past six months (from
the community, health
professionals, commu-
nity-based organiza-
tions, or social and
other media sources)

Comfort around disclos-

ing same-sex romantic

relationships to others

“I prefer to keep my

same-sex romantic rela-

tionships rather private”

(note: also falls in vac-

cine/vaccination-

specific issues)

Past hepatitis

B vaccination

Received poorer service

than other people in at

least one of the follow-

Culture/gender/
socio-economic

Historical influences @
(negative
experience of
a population)

Individual and group A or
influences: Influences
arising from personal
perception of the

vaccine or influences of

Experience with L4
past vaccination
Health system, .
providers-trust
and personal

the social/peer experience ing settings: doctor’s
environment office, community
health center, walk-in
clinic, hospital emer-
gency room, sexual
health clinic or other
hospital service (all are
potential venues for
HPV vaccination)
Vaccine/vaccination- Design of ® Any healthcare access
specific issues: directly vaccination (currently has primary
related to vaccine or program/mode care provider or sexual
vaccination of delivery health care provider

[provider specific for
sexual health care
needs and/or HIV care
specialist])

® Eligible for free vaccina-
tion at study enroliment
(<26 years old = eligible,
=27 years
old = ineligible)

To explore this further in our data, clustering was explored at
the seed (clustering originates from initial seed) and recruiter
(direct recruiter-recruit relationship) level using multinomial
logistic random effects models. Small covariance parameter
estimates confirmed that clustering had little impact and so it
was not considered in the final model (data not shown).
Multinomial logistic regression with the SAS software proce-
dure PROC SURVEYLOGISTIC was used to estimate unad-
justed and adjusted odds ratios (ORs) and 95% confidence
intervals (CIs).*> RDS-II weights were calculated for each par-
ticipant and incorporated in the PROC SURVEYLOGISTIC
weight statement.*> Our multivariable model was a hypothesis-
generating model that was guided by the Determinants of
Vaccine Hesitancy Matrix;'® results should be interpreted
accordingly. We were unable to thoroughly explore ethnicity/
race in the multivariable model due to small cell counts for

some ethnicities/races. We considered both age group
(<26 years old and =27 years old) and city as potential a priori
effect modifiers. We tested these hypotheses separately by
creating models with an interaction term between age group
and each variable of interest (education, financial strain, sexual
orientation, country of birth, receipt of sexual health informa-
tion, preference to keep same-sex romantic relationships pri-
vate, past hepatitis A or B vaccination, poor perceived
healthcare quality, and any healthcare access) and an interac-
tion term between city and each variable of interest. If the joint
test of the interaction coefficients was significant, we then used
linear combinations of model coefficients to calculate odds
ratios within strata of the effect modifier to quantify the hetero-
geneity of these effects.** We used a complete case strategy
since data were only missing for 2.3% in the multivariable
model.

For further exploratory purposes, we fit models where the
vaccine initiation category was further categorized as vaccine
initiation (1-2 doses) and vaccine completion (3 doses), creat-
ing a five-stage vaccination cascade, to determine if men in
earlier stages differed from those completing their HPV vacci-
nation series. All analyses were conducted using SAS 9.4 (SAS
Institute, Inc., Cary, North Carolina, USA). P-values were two-
sided and statistical significance was determined using
a p-value of <.05.

Results

A total of 2449 men were recruited in Engage through 240
seeds (Supplementary Materials, Table 1). Sixteen men (0.7%)
had missing HPV vaccination cascade outcome data and thus
were excluded from the analysis resulting in a total sample of
2433 men (Vancouver = 750, Toronto = 516, Montreal = 1167).
Across the three cities, age ranged between 16 and 80 years old
(median = 31 years); 22-32% were <26 years old, 12-19% were
living with HIV, 55-70% were white, 57-65% were born in
Canada, 88-93% identified as a cisgender man, 72-80% iden-
tified as gay, and 64-77% had a post-secondary education
(Table 2). Unweighted prevalence estimates by city are pro-
vided in Supplementary Materials, Table 2.

Proportion of men across stages of the HPV vaccination
cascade

The proportion of men who fell into each category of the
cascade differed significantly by city (p = .001). Across the
three cities, 26-40% were unaware of the HPV vaccine, 7-14%
were undecided or unwilling to get vaccinated, 33-39% were
willing to get vaccinated, and 13-28% had initiated vaccina-
tion (Figure 2).

Characteristics associated with stages of the HPV
vaccination cascade

We did not detect any significant effect modification by age
group (data not shown). Age group was still included in the
model since we were interested in its association with the
cascade. There was significant effect modification by city for
the Financial Strain Index score (p = .03), age group (p = .01),
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Table 2. Unweighted overall proportions and means/standard deviation and city-specific weighted proportions and means/standard deviation for baseline character-
istics of Engage participants included in analysis (n = 2433).

All cities (n = 2433) Vancouver (n = 750) Toronto (n = 516) Montreal (n = 1167)

%° % (95% Cl)° % (95% CI)° % (95% CI)°
Mean age at enrollment (SD) 36.8 (12.8) 35.4 (13.0) 34.8 (13.3) 37.9 (14.1)
Age Group
<26 years old 225 29.1 (22.5, 35.6) 31.7 (23.2, 40.1) 22.4 (18.4, 26.5)
>27 years old 77.6 70.9 (64.4, 77.6) 68.3 (59.9, 76.8) 77.6 (73.5, 81.6)
Ethnicity/race
White 713 55.3 (48.2, 62.4) 59.6 (50.7, 68.5) 70.4 (65.3, 75.6)
East-Southeast Asian 7.2 18.0 (12.6, 23.3) 104 (3.9, 16.9) 2.0 (0.8, 3.2)
Latin American 8.1 12.4 (7.2, 17.5) 8.5 (4.6,12.3) 10.2 (6.9, 13.5)
African/Caribbean/Black 3.0 1.8 (0.0, 3.9) 7 (2.5, 10.9) 33(1.7,4.8)
Aboriginal or Indigenous 14 3 7 (0.0, 7.6) 2 (0.0, 5.4) 1.2 (0.0, 2.6)
South Asian 2.2 7(1.8,7.6) 8 (1.6, 6.0) 2 2 (0.3, 4.0)
West Asian/North African 29 0 5 (0.0, 0.9) 6(0.2,7.1) 0 (3.4, 10.6)
Other 1.2 0.7 (0.0, 1.4) 1(0.1,2.2) 1 9 (0.3,3.4)
Mixed 2.7 3.0 (0.6, 5.4) 1(1.4,6.8) 1.9 (0.9, 2.9)
HIV status
Living with HIV 17.2 19.2 (13.3, 25.0) 18.5 (9.8, 27.1) 12.3 (9.5, 15.2)
Not living with HIV 73.6 62.7 (55.7, 69.7) 65.3 (55.2, 75.4) 73.8 (69.2, 78.5)
Unknown® 9.3 18.1 (12.3, 23.9) 16.2 (7.5, 24.9) 13.8 (9.7, 17.9)
Gender
Cisgender man 93.5 93.3 (88.0, 97.8) 92.0 (87.2, 96.8) 88.3 (84.0, 92.5)
Trans man 1.2 0.8 (0.0, 1.8) 1.0 (0.3, 1.8) 1.7 (0.5, 2.9)
Genderqueer/non-conforming 25 3(04,2.1) 6 (0.2, 7.0) 2 (1.0, 3.5)
Two-spirit 1.5 3.8 (0.0, 8.2) 6 (0.0, 1.4) 0 (1.5, 8.5)
Other 1.3 7 (0.0, 1.6) 8 (0.0, 6.1) 8 (0.6, 5.1)
Sexual orientation
Gay 81.6 79.9 (73.5, 86.3) 72.3 (63.8, 80.9) 75.1 (70.2, 80.0)
Bisexual 6.7 11.5 (6.2, 16.9) 13.6 (5.8, 21.4) 12.8 (9.1, 16.6)
Queer 7.5 3.7(1.9,5.5) 9.3 (6.1, 12.5) 46 (2.8, 6.3)
Other? 43 49(0.7,9.1) 4.8(0.5,9.1) 7.5 (4.0,11.1)
Education
High school or less 233 23.3(17.2,29.4) 22.9 (14.0, 31.9) 35.6 (30.0, 41.2)
Any post-secondary 76.7 76.3 (70.2, 82.5) 77.1 (68.1, 86.0) 64.3 (58.7, 69.9)
Annual personal income
<$20,000 36.0 42.6 (35.6, 49.6) 435 (34.2,52.8) 51.9 (46.5, 57.2)
$20,000 to $39,999 27.7 26.3 (19.8, 32.7) 35.6 (26.0, 45.3) 26.8 (21.9, 31.6)
$40,000 to $59,999 18.5 18.0 (12.6, 23.5) 10.2 (6.9, 13.4) 13.4 (104, 16.4)
$60,000 to $79,999 9.6 7.3 (4.9,9.7) 7.2 (4.0,10.4) 1(2.7,5.5)
$80,000 and up 8.2 5.8(3.9,7.6) 3.5(2.0,5.0 3.8 (2.1,5.6)
Mean Financial Strain Index score® 7.5 (2.6) 7.3 (2.6) 8.0 (2.8) 7.9 (2.8)
Country of birth
Born in Canada 70.0 57.1 (50.3, 64.0) 57.2 (48.3, 66.2) 64.9 (59.7, 70.0)
Immigrated to Canada 340 429 (36.0, 49.7) 42.8 (33.8,51.7) 35.1 (30.0, 40.3)
Past hepatitis A or B vaccination
No or don't know 25.6 30.7 (24.3,37.2) 26.4 (19.6, 33.3) 37.1 (31.7, 42.6)
Yes 744 69.3 (62.8, 75.7) 73.6 (66.7, 80.4) 62.9 (57.4, 68.3)
Prefer to keep same-sex romantic relationships private
Disagree 52.2 42.7 (36.0, 49.3) 45.7 (36.5, 54.9) 37.6 (32.7, 42.6)
Agree/prefer not to answer 474 57.3 (50.7, 64.0) 54.0 (44.8, 63.3) 60.3 (55.1, 65.5)
Currently accessing a healthcare provider’
No 11.9 16.8 (10.9, 22.6) 15.8 (9.3, 22.4) 22.7 (17.7, 27.6)
Yes 88.1 83.2 (77.4, 89.1) 84.2 (77.6, 90.7) 773 (72.4,82.3)
Received information on sexual health in past 6 months
No 15.0 14.9 (9.6, 20.2) 18.6 (9.6, 27.7) 25.4 (20.3, 30.5)
Yes 85.0 85.1 (79.8, 90.4) 81.4 (72.3,90.4) 74.6 (69.5, 79.7)
Received poor quality healthcare®
No 81.4 84.8 (79.6, 89.9) 77.6 (70.1, 85.1) 79.1 (73.9, 84.3)
Yes 17.3 12.5 (8.7, 16.3) 21.1 (13.6, 28.5) 152 (11.2, 19.3)

SD = standard deviation. CAD = Canadian currency. Proportions may not add to 100% due to missing data; missing data not greater than 1.2% for any unweighted
variable.

“Unweighted proportions and means.

PProportions and means weighted using the RDS-Il Volz-Heckathom estimator.*'

‘Includes don’t remember HIV test result, prefer not to answer, did not receive test result, was never tested or unsure if tested for HIV.

9Includes straight, questioning, asexual, pansexual, two-spirit, and other.

€Scale validated in general population samples measuring lack of ability to meet financial needs. Overall score is computed by adding response value across five
questions. Lower score indicates greater financial strain.*®

fMen who currently have at least one of the following: a primary care provider, a sexual health care provider, and among those living with HIV, a HIV care specialist.

9Poor health from a doctor, community health center, walk-in clinic, hospital, sexual health clinic, or another hospital clinic (all potential venues for vaccination).
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and education (p = .01). The final, adjusted model included
sexual orientation, country of birth, receipt of sexual health
information, preference to keep same-sex romantic relation-
ships private, past hepatitis A or B vaccination, poor perceived
healthcare quality, and any healthcare access and an interaction
term for city and age group, city and Financial Strain Index
score, and city and education.

All modeling comparisons were with men who had initiated
vaccination as the outcome reference group (Stage 4). According
to the multivariable weighted model findings (Table 3), having
immigrated to Canada compared to having been born in Canada
(aOR = 1.79, 95%CI 1.07-2.99), identifying as bisexual versus
gay (aOR =2.84, 95%CI 1.06-7.62), and preferring to keep same-
sex romantic relationships private (aOR = 1.25, 95%CI 1.05-
1.48) were significantly associated with increased odds of being
unaware of the HPV vaccine (Stage 1). Identifying as queer
versus gay (aOR = 0.19, 95%CI 0.08-0.45), having received
sexual health information in the past six months versus not
(@OR = 0.31, 95%CI 0.13-0.71), and past hepatitis A or
B vaccination (as compared to not having received a past hepa-
titis A or B vaccine) (aOR = 0.16, 95%CI 0.09-0.30) were
associated with decreased odds of being unaware of the vaccine.

Identifying as bisexual versus gay (aOR = 3.09, 95%CI 1.19-
8.05) and preferring to keep same-sex romantic relationships
private (aOR = 1.24, 95%CI 1.05-1.46) were significantly asso-
ciated with increased odds of being undecided/unwilling to get
vaccinated (Stage 2) (Table 3). Having received sexual health
information in the past 6 months versus not (aOR = 0.27, 95%
CI 0.12-0.64), past hepatitis A or B vaccination (as compared to
not having received a past hepatitis A or B vaccine) (aOR = 0.18,
95%CI 0.09-0.35), and accessing a healthcare provider versus not
(aOR = 0.36, 95%CI 0.15-0.83) were significantly associated with
decreased odds of being undecided/unwilling to get vaccinated.
Having received a past hepatitis A or B vaccination (aOR = 0.38,
95%CI 0.21-0.67) was also significantly associated with decreased
odds of being in the willing to get vaccinated stage (Table 3).

In Vancouver, increasing financial strain (aOR = 1.22, 95%
CI 1.07-1.40) was significantly associated with increased odds
of being unaware of the HPV vaccine while being <26 years old

versus =27 years old (aOR = 0.40, 95%CI 0.18-0.88) was
associated with a decreased odds of being unaware of the
vaccine (Table 3). Increasing financial strain (aOR = 1.40,
95%CI 1.16-1.69) was also associated with an increased odds
of being undecided/unwilling to get vaccinated. In Montreal,
being <26 years old versus >27 years old (aOR = 0.08, 95%CI
0.04-0.18) and having a post-secondary versus high school or
less education (aOR = 0.21, 95 CI% 0.07-0.61) were signifi-
cantly associated with a decreased odds of being unaware of the
vaccine (Table 3). Both factors were also associated with
a decreased odds of being undecided/unwilling to get vacci-
nated (<26 years: aOR = 0.20, 95%CI 0.09-0.47; post-
secondary education: aOR = 0.35, 95%CI 0.12-0.98). Being
<26 years old (aOR = 0.13, 95%CI 0.06-0.28) was also asso-
ciated with a decreased odds of willing to get vaccinated (Table
3). Overall, unweighted and weighted multivariable model
findings had a relatively similar qualitative interpretation but
with noticeably more variability for some variables in weighted
findings (Supplementary Materials, Table 3).

Vaccine completion as stage 5

In the analysis for which Stage 4, vaccine initiation, was further
divided into initiation versus completion of all required doses,
the proportions initiated (Stage 4) and completed (Stage 5),
respectively, were 9% (95%CI 6.3-12.7%) and 11% (95%CI
7.5-14.0%) in Vancouver, 10% (95%CI 5.9-13.6%) and 18%
(95%CI 11.3-25.5%) in Toronto, and 8% (95%CI 5.1-10.8%)
and 5% (95%CI 3.4-6.9%) in Montreal. When we used Stage 5
as the outcome reference category for modeling, similar find-
ings were observed compared to when the reference category
was vaccine initiation (Table 4).

Discussion

By applying our HPV vaccination cascade approach, we found
that soon after publicly funded HPV vaccination programs
were introduced in Canada for GBM <26 years old, 26-40%
of such men in the three largest cities in Canada were still
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Figure 2. RDS-weighted proportions and 95% confidence intervals of men in each category of the HPV vaccination cascade, by city.
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Table 3. RDS-weighted multinomial logistic regression showing factors associated with being in earlier stages of the cascade compared to having initiated human
papillomavirus (HPV) vaccination (received at least one dose of the vaccine) among men from the Engage Study (n = 2433).

Stage 1 vs. Stage 4: unaware of HPV ~ Stage 2 vs. Stage 4: undecided/unwilling to get ~ Stage 3 vs. Stage 4: willing to get

Characteristics of interest

vaccine vs. vaccine initiation

vaccinated vs. vaccine initiation

vaccinated vs. vaccine initiation

aOR (95% Cl)

aOR (95% Cl)

aOR (95% CI)

Country of birth
Born in Canada
Immigrated to Canada
Sexual Orientation
Gay
Bisexual
Queer
Other®
Prefer to keep same-sex romantic
relationships private
Increasing agreement
Received information on sexual
health in past 6 months
No
Yes
Past hepatitis A or B vaccination
No
Yes
Received poor quality of
healthcare®
No
Yes
Accessing healthcare provider®
No
Yes

Ref
1.79 (1.07, 2.99)

Ref
2.84 (1.06, 7.62)
0.19 (0.08, 0.45)
0.89 (0.29, 2.27)

1.25 (1.05, 1.48)
Ref

0.31 (0.13, 0.71)
Ref

0.16 (0.09, 0.30)
Ref

0.94 (0.47, 1.88)

Ref
0.49 (0.22, 1.09)

Statistically-significant effect modification by city

Age groupd
Vancouver
<26 years old
227 years old
Toronto
<26 years old
>27 years old
Montreal
<26 years old
>27 years old
Increasing Financial Strain Index
score®®
Vancouver
Toronto
Montreal
Education®
Vancouver
High school or less
Any post-secondary
Toronto
High school or less
Any post-secondary
Montreal
High school or less
Any post-secondary

0.40 (0.18, 0.88)
Ref

0.86 (0.30, 2.49)
Ref

0.08 (0.04, 0.18)
Ref

1.22 (1.07, 1.40)
0.90 (0.72, 1.12)
1.05 (0.88, 1.25)

Ref
1.01 (0.43, 2.40)

Ref
0.57 (0.18, 1.78)

Ref
0.21 (0.07, 0.61)

Ref
0.58 (0.33, 1.02)

Ref
3.09 (1.19, 8.05)
1.77 (0.81, 3.89)
1.03 (0.28, 3.76)

1.24 (1.05, 1.46)
Ref

0.27 (0.12, 0.64)
Ref

0.18 (0.09, 0.35)
Ref

1.06 (0.50, 2.27)

Ref
0.36 (0.15, 0.83)

1.09 (0.43, 2.74)
Ref

1.97 (0.57, 6.78)
Ref

0.20 (0.09, 0.47)
Ref

1.40 (1.16, 1.69)
0.98 (0.79, 1.22)
0.99 (0.83, 1.18)

Ref
2.05 (0.74, 5.69)

Ref
1.72 (0.36, 8.32)

Ref
0.35(0.12, 0.98)

Ref
0.85 (0.55, 1.32)

Ref
1.09 (0.41, 2.89)
0.82 (0.44, 1.55)
0.69 (0.23, 2.14)

1.02 (0.89, 1.16)
Ref

0.52 (0.21, 1.26)
Ref

0.38 (0.21, 0.67)
Ref

0.91 (0.50, 1.66)

Ref
0.55 (0.23, 1.29)

0.62 (0.26, 1.46)
Ref

0.46 (0.17, 1.25)
Ref

0.13 (0.06, 0.28)
Ref

1.10 (0.96, 1.27)
0.89 (0.75, 1.06)
1.01 (0.88, 1.19)

Ref
2.32 (0.99, 5.48)

Ref
0.43 (0.14, 1.29)

Ref
0.90 (0.32, 2.54)

The first three stages of the cascade (dependent variable) are being compared to the last stage of the cascade, vaccine initiation. Modeled using multinomial logistic
regression (PROC SURVEYLOGISTIC) and adjusted for the RDS design using RDS-Il Volz-Heckathorn weights.*' Estimates presented as odds ratios with 95% confidence

intervals. Missing 2.3% of data in multivariable model.
“Includes straight, questioning, asexual, pansexual, two-spirit, and other.

bPoor health from a doctor, community health center, walk-in clinic, hospital, sexual health clinic, or another hospital clinic (all potential venues for vaccination).
“Men who currently have at least one of the following: a primary care provider, a sexual health care provider, and among those living with HIV, a HIV care specialist.

dEffect modification observed by city.

€Scale validated in general population samples measuring lack of ability to meet financial needs. Overall score is computed by adding response value across five

questions. Higher score indicates greater financial strain.*

unaware of the HPV vaccine. A minority (7-14%) of men were
undecided or unwilling to get vaccinated against HPV, whereas
33-39% were willing to get vaccinated, and 13-28% had
received at least one dose of the vaccine series. Men unaware
of the HPV vaccine or undecided/unwilling to get vaccinated

had the most barriers to vaccination such as lower socio-
economic status, sexual orientation non-disclosure, lack of
sexual health knowledge, and not accessing healthcare and
other vaccines. Other characteristics such as bisexual identity
and older age were also significantly associated with being in
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Table 4. RDS-weighted multinomial logistic regression showing factors associated with being in earlier stages of the cascade compared to having completed human

papillomavirus (HPV) vaccination (received all three doses of vaccine) among men from the Engage Study (n = 2433).

Characteristics of interest

Stage 1 vs. Stage 5: unaware of

HPV vaccine vs. vaccine
completion

Stage 2 vs. Stage 5: undecided/
unwilling to get vaccinated vs.

vaccine completion

Stage 3 vs. Stage 5: willing to

get vaccinated vs. vaccine
completion

Stage 4 vs. Stage 5: vaccine

initiation (<3 doses) vs.
vaccine completion

aOR (95% Cl)

aOR (95% Cl)

aOR (95% Cl)

aOR (95% Cl)

Immigration
Born in Canada
Immigrated to Canada
Sexual Orientation
Gay
Bisexual
Queer
Other®
Prefer to keep same-sex
relationships private
Increasing agreement
Received information on
sexual health in past
6 months
No
Yes
Past hepatitis A or
B vaccination
No
Yes
Received poor quality of
healthcare®
No
Yes
Accessing healthcare
provider?
No
Yes

Ref
1.77 (1.02, 3.05)

Ref
2.18 (0.63, 7.59)
0.20 (0.08, 0.52)
1.28 (0.32, 5.14)

1.36 (1.11, 1.66)

Ref
0.33 (0.12, 0.94)

Ref
0.16 (0.07, 0.35)

Ref
0.99 (0.48, 2.06)

Ref
0.45 (0.16, 1.24)

Statistically-significant effect modification by city

Age group®
Vancouver
<26 years old
>27 years old
Toronto
<26 years old
>27 years old
Montreal
<26 years old
>27 years old
Increasing Financial
Strain Index score®’
Vancouver
Toronto
Montreal
Education®

Vancouver
High school or less
Any post-secondary

Toronto
High school or less
Any post-secondary

Montreal
High school or less
Any post-secondary

0.40 (0.16, 0.98)
Ref

0.85 (0.26, 2.75)
Ref

0.07 (0.03, 0.17)
Ref

1.27 (1.08, 1.48)
0.87 (0.69, 1.10)
1.04 (0.85, 1.28)

Ref
0.92 (0.31, 2.72)

Ref
0.43 (0.10, 1.86)

Ref
0.13 (0.05, 0.35)

Ref
0.57 (0.31, 1.04)

Ref
2.37 (0.71, 7.94)
1.86 (0.78, 4.45)
1.48 (0.31, 7.05)

1.35(1.11, 1.63)

Ref
0.30 (0.11, 0.84)

Ref
0.17 (0.08, 0.40)

Ref
1.12 (0.51, 2.48)

Ref
0.32 (0.11, 0.93)

1.07 (0.39, 2.99)
Ref

1.95 (0.52, 7.25)
Ref

0.17 (0.06, 0.44)
Ref

1.44 (1.18, 1.77)
0.95 (0.75, 1.20)
0.99 (0.81, 1.20)

Ref
1.87 (0.55, 6.34)

Ref
1.30 (0.20, 8.30)

Ref
0.21 (0.07, 0.59)

Ref
0.84 (0.52, 1.37)

Ref
0.84 (0.25, 2.81)
0.86 (0.41, 1.80)
1.00 (0.25, 3.99)

1.10 (0.93, 1.31)

Ref
0.56 (0.20, 1.62)

Ref
0.36 (0.17, 0.78)

Ref
0.96 (0.51, 1.80)

Ref
0.49 (0.17, 1.43)

0.61 (0.24, 1.59)
Ref

0.45 (0.14, 1.41)
Ref

0.11 (0.05, 0.26)
Ref

1.14 (0.97, 1.34)
0.87 (0.71, 1.04)
1.00 (0.83, 1.21)

Ref
2.14 (0.76, 5.99)

Ref
0.32 (0.07, 1.38)

Ref
0.54 (0.19, 1.50)

Ref
0.97 (0.53, 1.77)

Ref
0.52 (0.12, 2.21)
1.10 (0.42, 2.84)
1.80 (0.41, 7.78)

1.18 (0.96, 1.45)

Ref
1.17 (0.31, 4.46)

Ref
0.93 (0.34, 2.53)

Ref
1.14 (0.47, 2.77)

Ref
0.81 (0.24, 2.77)

0.99 (0.38, 2.59)
Ref

0.96 (0.31, 3.02)
Ref

0.73 (0.25, 2.18)
Ref

1.07 (0.90, 1.26)
0.90 (0.72, 1.14)
1.00 (0.79, 1.27)

Ref
0.85 (0.30, 2.45)

Ref
0.50 (0.09, 2.64)

Ref
0.47 (0.12, 1.86)

The first four stages of the cascade (dependent variable) are being compared to the last stage of the cascade, vaccine completion. Modeled using multinomial logistic
regression (PROC SURVEYLOGISTIC) and adjusted for the RDS design using RDS-Il Volz-Heckathorn weights.*' Estimates presented as odds ratios with 95% confidence
intervals. Missing 2.3% of data in multivariable model.

“Includes straight, questioning, asexual, pansexual, two-spirit, and other.

bPoor health from a doctor, community health center, walk-in clinic, hospital, sexual health clinic, or another hospital clinic (all potential venues for vaccination).

“Men who currently have at least one of the following: a primary care provider, a sexual health care provider, and among those living with HIV, a HIV care specialist.

dEffect modification observed by city.

€Scale validated in general population samples measuring lack of ability to meet financial needs. Overall score is computed by adding response value across five
questions. Higher score indicates greater financial strain.*’



the early stages of the cascade. Conversely, fewer differences
were seen when vaccinated GBM were compared with men
willing to get vaccinated, suggesting that once men have
accepted vaccination these characteristics may play a smaller
role in understanding why men willing to get vaccinated have
not yet received it. Similar associations were seen when earlier
stages were compared to vaccine completion.

There are clear challenges in optimizing vaccine uptake
among GBM using the current structure of GBM-targeted
HPV vaccination programs in the three Canadian provinces.
To initiate vaccination against HPV within these publicly-
funded programs, GBM must be <26 years old, educated about
the HPV vaccine, have access to a provider, able/feel comfortable
disclosing their sexual orientation to that provider, and have that
provider respond appropriately. Our findings indicate there are
barriers to this process for GBM. We saw clear differences in age
where GBM 227 years old were in earlier stages of the cascade,
which was most evident in Montreal. Although the reason
behind this may be multifaceted, one explanation is that these
older men are not getting vaccinated since they are ineligible for
publicly funded programs and the high cost of the vaccine.”*
GBM 227 years old are still recommended to get vaccinated in
Canada and, if available, could have vaccine costs covered by
private insurance, but this divergence between public programs
and NACI recommendations makes it difficult for physicians to
make clear HPV vaccination recommendations to this group.'”
We also found healthcare access and sexual orientation disclo-
sure, other requirements of publicly funded vaccine uptake, were
barriers to vaccine initiation. Hesitancy to disclose one’s sexual
orientation has been recognized as a barrier to vaccine accep-
tance and uptake across GBM populations.*™** In qualitative
interviews among young GBM in Florida, US, men stated feeling
ashamed, awkward, or judged when discussing sexual behaviors
with healthcare providers who appeared uncomfortable discuss-
ing sexuality.*” Men felt more comfortable going to a sexual
health clinic to get vaccinated even if they already had estab-
lished relationships with their primary care provider.*’

Compared with vaccinated men, men identifying as
queer versus gay had lower odds of being unaware of the
vaccine, which may partly be explained by higher educa-
tional attainment among men identifying as queer and
being more actively connected to a community where sex-
ual health knowledge is shared.”” Compared with vacci-
nated men, men identifying as bisexual versus gay had
higher odds of being in the first two stages of the cascade.
Lower uptake among bisexual versus gay men has also been
seen for the hepatitis B vaccine and several other healthcare
services such as HIV testing.”®”' Lower uptake may be
attributed to bisexual men having less access to care or
a usual place of care compared with gay men,”’ both of
which may lead to reduced HPV awareness and willingness
to get vaccinated. Bisexual adults may also be less likely to
disclose their sexual orientation to healthcare providers.”*>

Our findings suggest that social and economic inequities in
financial strain, immigration, and education are associated
with GBM being in earlier stages of the HPV vaccination
cascade. Men immigrating to Canada had higher odds of
being unaware of the vaccine but had lower odds of being
undecided/unwilling to get vaccinated. Studies have found
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that Canadian immigrants would be willing to get vaccinated
if a doctor recommended it, yet healthcare providers may be
less likely to recommend and have discussions around vaccina-
tion with immigrants, leading to reduced awareness.”>>* City-
specific differences were seen for financial strain and educa-
tion, highlighting that constraints to vaccination may also
differ by jurisdiction. Although we could not effectively explore
ethnicity/race in multivariable models, univariable analyses
indicated ethnicity/race may influence where men fall along
the cascade, highlighting the value of conducting sub-
population specific studies in the future.

The influence of social and economic factors, such as lower
income, education, and unemployment have been significantly
associated with lower acceptability and uptake of vaccines,
including HPV, among GBM in other countries, highlighting
this as an international issue."” The high cost of the vaccine
among men ineligible for publicly funded vaccine likely con-
tributes to these social inequities but these barriers may also
exist among those that can receive publicly funded vaccine
meaning cost is not the only issue. A natural experiment in
Calgary, Canada, found that significantly fewer young females
had been vaccinated against HPV in community vaccination
clinics if they lived in the most materially deprived neighbor-
hoods whereas these differences were not apparent in school-
based vaccination programs.55 Issues around access, such as
transportation, time away from work, and added inconveni-
ence for parents instead of vaccine cost may have contributed
to low uptake given the vaccine was publicly funded.” We
hypothesize that GBM experiencing inequities in our study
may face similar barriers to HPV vaccination.

These barriers to HPV vaccination must be addressed among
GBM, particularly for birth cohorts that cannot benefit from
universal  school-based HPV  vaccination  programs.
Interventions at the provider and healthcare system level are
needed to address these issues in Canada. It is imperative to
educate providers on HPV, availability of publicly funded vacci-
nation programs, NACI recommendations, and the importance
of recommending vaccine to their patients even when not pub-
licly funded since eligibility requirements for GBM-targeted
programs do not align with vaccination recommendations in
Canada. Tailored messaging around recommendations, HPV
risk, and insurance coverage is necessary for men >27 years
old. To increase uptake of current publicly funded targeted
programs in Canada, interventions to increase GBM’s perceived
safety to disclose their sexual orientation to health care providers
are needed. Provider reminders to offer the HPV vaccine and
remaining doses during routine healthcare visits may also help
increase uptake.”*>® In our study, we found men previously
vaccinated against hepatitis A or B had a higher odds of initiat-
ing HPV vaccination, as has been seen in other studies."
Bundling vaccines for GBM may be a convenient, time-saving
option.”® Other system level opportunities include offering vac-
cine-only or “express-lane” vaccination services and extending
office hours to reduce wait times and increase convenience;
strategies that have been successfully used to increase influenza
vaccination rates in the past.”” In Canada and other jurisdictions
with gender-neutral school-based programs, increasing efforts
to ensure optimal uptake of these programs may alleviate these
barriers for some GBM in the future. Potential methods include
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increasing HPV education among nurses and parents and
adopting the ‘once eligible, always eligible’ policy nationally
where those qualifying for a publicly funded HPV vaccine in
school remain eligible in the future.®"*>

Developing tools to increase awareness around sexual
health, HPV, and the vaccine is also essential in increasing
HPV vaccine uptake. This need was further highlighted in
our study where more vaccinated men had recently received
information on sexual health (e.g. through social media, com-
munity, and providers) compared to men in the first two stages
of the cascade. Increasing awareness among immigrants or
sexual minorities may require more tailored interventions
such as educational videos in multiple languages or using
relatable characters in campaigns whom the target community
can identify with to increase perceptions around risk.®>**

This study had several strengths. Few studies have used
a stage-based approach to explore HPV vaccination, and to
the best of our knowledge, this is the first conducted in a GBM
population and after implementation of GBM-targeted vacci-
nation programs. Our sample was also community-recruited
and conducted in the three largest Canadian cities, providing
a ‘snapshot’ of the uptake of HPV vaccination programs, and
vaccine knowledge and willingness to get vaccinated, within
these large urban centers in the early phases.

There were also limitations. HPV vaccine uptake was self-
reported. Despite high sensitivity, specificity, and accuracy of
self-report HPV vaccine uptake among adults, misclassification
may still exist in our outcome. Participant’s network size when
correcting for sample selection bias could not be validated;
assessment of both unweighted and weighted findings are
recommended.®” The cross-sectional design of the study means
temporality of time-variant variables cannot be confirmed. In
studies on HPV vaccination using stage-based approaches in
other populations, people who were undecided about getting
vaccinated were distinct from those that were unwilling or not
intending to get vaccinated.”*”>* We agree that these two groups
may differ but unfortunately were unable to explore them sepa-
rately due to the small proportion of men in each group in our
sample. Within most of the characteristics explored, we
observed similar patterns among men that were undecided or
that were unwilling to get vaccinated, and this categorization still
allowed us to explore the differences between this more hesitant
group versus men willing to get vaccinated.

Using a stage-based framework revealed that exploring vac-
cine uptake through a dichotomous lens may be too simplistic
of an approach to understanding the complexities of HPV
vaccination. For example, as mentioned previously, compared
to vaccinated men, men that immigrated to Canada had an
increased odds of being unaware of the HPV vaccine but
appeared to have lower odds of being undecided/unwilling to
get vaccinated. Grouping all unvaccinated men together may
have diluted these effects. Using this HPV vaccination cascade,
we also determined that three to four years after HPV vaccina-
tion programs for GBM were introduced in Canada, clear gaps
in knowledge around the HPV vaccine remain, and men una-
ware of the vaccine or undecided/unwilling to get vaccinated
faced the most inequities and constraints to vaccination.
Reducing the barriers men are facing in earlier stages of the
cascade by implementing tailored educational and physician

and health system-oriented interventions is crucial to encou-
rage men along the path toward vaccine uptake. Future
research directions should include implementing and evaluat-
ing the effectiveness of interventions and continued monitor-
ing of HPV vaccine uptake among GBM in Canada. Moreover,
the factors explored in this study are not inclusive of all poten-
tial social and programmatic barriers or facilitators to vaccina-
tion GBM may experience. Future studies should explore the
impact of other factors from the Determinants of Vaccine
Hesitancy Matrix such as the influence of the GBM community
and romantic partners, health system and providers-trust, and
language or religion. Stage-based frameworks can also be used
for other vaccines and populations and may help fill knowledge
gaps around vaccine uptake among adult populations.
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