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Abstract

Background: In 2007, the Canadian federal budget provided $3dlon over three
years to the provinces and territories to implenmnlicly-funded HPV immunization
programs. Current estimates indicate that HPV imacaptake varies significantly across
Canada and is reported to be lowest in Ontari®%@.5There is a paucity of literature on
the determinants of HPV vaccine uptake in the Camadontext, therefore further

research is needed.

Objectives: To describe the patterns of HPV vaccine non-uptaess health units in
Ontario, and identify the individual- and healthituecologic)-level factors that

influenced HPV immunization decision-making betw@€07 and 2011.

Methods: The study linked administrative health and immatian databases to identify
a retrospective population-based cohort of 144,048 eligible for Ontario’'s school-
based HPV immunization program between 2007 and.20h this study a girl was
considered vaccinated if she received at least de,dotherwise she was considered
unvaccinated. Ecologic or health unit-level fastdhat may have influenced HPV
vaccine decision-making were assessed, as wetidaadual-level predictors including
clinical characteristics and sociodemographics.population-average model based on
generalized estimating equations was used to fgesigiterminants associated with non-

uptake.



Results: In all, 49.3% of girls from 21 public health unitsfused HPV immunization
between 2007 and 2011. Non-uptake varied acradghhanits, from 41.82% to 60.30%.
In multivariate analyses, non-uptake was stronglgoaiated with a history of autism
(OR=1.60; 95% CI 1.34, 1.90) and Down’s syndrom&#£D.37; 95% CI 1.16, 1.63),
refusal of mandatory and optional vaccines (OR=29%36 CIl 2.07, 2.4, and OR=3.96;
95% CI 3.87, 4.05, respectively), and infrequentgitian visits (OR=1.45; 95% CI 1.35,
1.55). Contextual or health unit-level characterssappeared to have a weak influence

on vaccine decision-making.

Conclusions: HPV immunization could lead to a lower risk of d®mping and dying

from HPV-related cancers; however, non-uptake @ traccine is high. Concerted
efforts are needed to reduce missed opportunitiesg medical consultations, to refine
communication strategies and activities to additées information needs of special
groups, as well as to develop cross-sectoral amilons to support the delivery of

publicly-funded HPV immunization to schools acr@ada.
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Chapter 1

INTRODUCTION

1.1 The burden of HPV infections and cervical cancer

The World Health Organization estimates that 493,2omen worldwide acquire
cervical cancer each year and 273,505 die from digsase. Cervical cancer is the
second most common cancer among women 20 to 44 wéage, and prior infection
with oncogenic human papillomavirus (HPV) is a reseey cause for the development of
this disease:*® Over 200 HPV genotypes have been identified dassified into low-
and high-risk groups according to their carcinogepotential, and 30 of these are
capable of infecting the genital mucosa. Low-iiiges can lead to the development of
benign genital warfé or low-grade intraepithelial lesions, whereas iséest infection
with high-risk oncogenic types can cause high-grapgee-cancerous cervical
intraepithelial lesions and cancéf’ Approximately 3-9 million Canadians are HPV-
positive and current estimates indicate that alnhadit of sexually active females have
been infected with at least one cervical HPV typeThis infection is transmitted by
skin-to-skin contact and infection usually occuvsrs after sexual debtft. Although the
majority of HPV infections resolve spontaneouslyhivi two year$', persistent infection
with high-risk types in the cervix is the first gtén changing cervical cytology and
triggering a potentially progressive carcinogemagess leading to carcinoma in situ and
invasive cervical cancér*** The incidence rate for acquiring a high-risk tyige

somewhat higher than that for acquiring a low-tigke (14 cases / 1000 women-months
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versus 12.4 cases / 1000 women-months), with HPWbdig the most persistent.
Prevention strategies against HPV infections ineluBap screening and HPV

immunization*!

1.2 HPV prevention strategies

Although cervical cancer rates have decreasedantimgty in the last 50 years due to the
advent of cytology screening for cervical abnortiedi Pap tests have been shown to be
highly specific (98% for cervical intraepitheliatoplasia [CIN] grade | or higher) but
only moderately sensitive (51% for grade | (CIN1) lngher) and errors in the
interpretation of Pap specimens oftentimes resnlthe failure to detect precancerous
changes. Two prophylactic HPV vaccines have beewveldped to protect against
infection with high-risk types 16 and 18; one ofigthalso protects against low-risk

types 6 and 13222324

1.3 Rationale for the Ontario Grade 8 HPV Vaccine Cohot Study

In 2007, the provinces and territories received 8&fllion dollars from the Canadian
government to develop and implement free, publicghded, HPV immunization
program$&’. Despite efforts by public health authorities drealth providers to increase
HPV immunization rates, current estimates indicd@t vaccine uptake varies
significantly across Canada from a low of 49-53%hi@ Territories and Ontario to a high
of 87% in Quebe?. Given the negative public health and cost-eiffecess implications
of low coverage, it is necessary to provide insight the factors contributing to the high
levels of HPV vaccine refusal in Canada.

2



The current study aimed to provide insight into #@ologic factors associated with
vaccine non-initiation measured at the level offtkalth unit. A secondary analysis was
undertaken to provide a better understanding asqreal characteristics associated with
HPV vaccine refusal, while considering the influerd ecologic or health unit factors on
immunization decision-making. Findings can be ugedirect interventions, as well as
to inform policy developers and regional immuniaaticoordinators about priority

groups that are not accessing the vaccine.

1.4 Study Objectives

The aim of the study was to provide an understandindeterminants of non-uptake of
school-based HPV immunization offered to grader gn Ontario. The study objectives
were:

1. To identify the prevalence of non-uptake from 2@®7to 2010-11, as well as
the health unit-level factors that influenced HRWmunization refusal during
this time period; and

2. To determine the factors associated with non-uptdke/o levels of analysis:

the individual and the health unit.

1.5 Thesis Outline

The remainder of this thesis is organized into fsections. Chapter 2 presents a
literature review on: 1) HPV infections and preventstrategies, 2) HPV immunization
coverage in Canada with an international comparisamd 3) the individual- and
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ecologic-level factors associated with HPV vacaeeision-making at the intrapersonal,
interpersonal, and the ecologic level using thesamal conceptual framework. Chapter
3 provides an overview of the study methods, as$ agetlescriptions on the study design,
cohort formation, study data sources, data acaegserord linkage, and the statistical
analysis. Chapters 4 and 5 present the resultsecdnalysis on determinants associated
with HPV vaccine non-uptake in Ontario over thestfifour years of the program.
Chapter 6 is a discussion of the thesis resultsinvithe context of published literature, as
well as the study limitations and strengths. Hinahesis implications are addressed and

recommendations for future research are made.
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Chapter 2

LITERATURE REVIEW

The scope of this review is to 1) provide a briekewwiew of HPV infections and

prevention strategies; 2) organize existing puklishterature findings according to an
evidence-based theoretical framework; 3) presecwraprehensive overview of factors
that influenced initial intention to immunize pritw HPV vaccine availability - in the

prelicensure period; 4) synthesize the determinahtsctual vaccine uptake after HPV
immunization was made available to the public -tha post-licensure period; and 5)
summarize major gaps and the contribution of thesis. This literature review provides
an overview of the factors related to HPV vaccingake between 2006 and 2012
(capturing both pre- and post- licensure vaccir@)dand includes HPV immunization
studies conducted in the United States, the Urkieddom, and the Netherlands where

National HPV vaccination programs are in place.

2.1 Brief overview of HPV infections and prevention stategies

The Society of Obstetricians and GynaecologistSarfada estimates that approximately
10% to 30% of the Canadian population is infectath sexually transmitted human
papillomavirus (HPV), and 1% to 2% of those infelct@th a high-risk, oncogenic type
develop cervical cancer. Males and females betvieerages of 15 and 24 years are
susceptible to infections with HPV.Strategies to prevent infection-related sequelae

include routine Pap screening and HPV immunizatidnin July 2006, Health Canada



approved the quadrivalent HPV vaccine Garddsit use in females and males ages 9 to
26 years and in 2010, the bivalent Cervanmaccine for females between the ages of 10
and 25 years. Furthermore, the provinces andtidees (P/T) received $300 million
dollars from the federal budget to establish puplitinded free HPV immunization

programs before March 2018.

Despite federal efforts to increase immunizatiotesacurrent estimates indicate that
vaccine uptake in most P/Ts is well below the metidarget of 80% and is reported to be

lowest in Ontario at 53%.

Table 2-1 Grades targeted by the school-based HP\aecination programs

Provinces/Territories Programs
Alberta Started in Sept 2008 Females Gr.5;
British Columbia Started in Sept 2008 Females Gr.6 & 9
Manitoba Started in Oct 2008 Females Gr.6

New Brunswick

Started in Sept 2008 Females Gr.7;

Newfoundland and Labrador

Started in Sept 2007 Females Gr.6;

Northwest Territories

Started in Sept 2009 Females Gr.4;

Nova Scotia

Started in Sept 2007 Females Gr.7

Nunavut Started in winter 2009 Females Gr.6

Ontario Started in Sept 2007 Females Gr.8

Prince Edward Island Started in Sept 2007 Females Gr.6

Québec Started in Sept 2008 Females Gr.4 & 9
Saskatchewan Started in Sept 2008 Females Gr.6;
Yukon Started in fall 2009 Females Gr.6;




2.2HPV vaccination coverage — international comparison

To provide international context, Canadian findirage compared with those of other
western regions with similar population health s$adnd robust health care systems. In
the U.K., the Joint Committee on Vaccination andnbmization (JCVI) recommended
the bivalent Cervarix vaccine for routine vaccinatbf schoolgirls ages 12 to 13 ye#ts.
U.K. Department of Health records suggest thatdiaverage was achieved during the
first two roll-out years, with 60% of girls born taeeen 1990 and 1997 immunized with
the full series. In 2009/10, 76.4% of eligible f@es reported completion of the three-
dose regimen. School-based vaccination programe baen successful in achieving
high coverage in parts of Australia, with over 86#6emale students ages 12 to 18 years
initiating the series in the first year of the HRWmunization program*™® In contrast,
the U.S. reports coverage of less than half ofefigible female population. There are
several factors that may have contributed to temue. The American health care
delivery system is fragmented and difficult to rgate, access barriers such as cost are
common, and the quality of school-based health warées significantly across and
within states**® Despite the provision of free HPV vaccinationGanadian schools,

rates vary substantially across provinces (Taklg. 2-

2.3 Conceptual framework for vaccine uptake

To better understand the myriad of personal, omgdional, and broader societal
determinants of HPV vaccine acceptability and uptedn integrated evidence-based

approach is needed. A conceptual framework thateguthe analysis of predictors of
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uptake across theoretical models of vaccinatioratielir can elucidate individual and

contextual barriers to HPV immunization.

There are several studies on individual and healéhsystem predictors of HPV vaccine
uptake; however, conceptual frameworks are seldsed uo guide the research and
analytical procesY. Pre-licensure vaccine studies on immunizatiorepiability were

'8, Social Cognitive Theof,

primarily based on constructs from the Health Béede
and the Theory of Reasoned Action (Planned Beha)¥fouunder these models, the
intentions of vaccine uptake predominantly studiedluded personal beliefs and
experiences, and family influences. There has beereasing interest, however, in
examining broader levels of influence, such asdhadated to the social context. In
recognizing that individuals’ characteristics ar tenvironment interact to produce

health behaviours such as immunization, social epidlogists have proposed an

integrated approach to guide health research edbesocial model’?*

Disparities in the uptake of health interventiongCianada persist with significant social
and economic consequences. These disparities reagabhsed by facets of the
environment that affect the distribution of res@as¢or public health care. To acquire a
more complete understanding of how to reduce inegyiit is futile to examine a
singular determinant. Approaches that examineitiflaence of eco-social levels on
health disparities are needed. The eco-socialppetise integrates the interaction

between individual, community, institutional, armt®cultural factors olevels and can
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be used as a theoretical framework for understandiralth differences between

population sub-groups that are attributable to ifipeeterminants.

To provide a comprehensive overview of complex vitiial and contextual factors
associated with HPV vaccination, the eco-social ehogdas also used to frame this
literature review (see Figure 2-1). The eco-sociatel nests three levels of influence:

the intrapersonal, interpersonal, and environmdeavalls.

1) The intrapersonal level of influence describesspnal factors that impact decision-
making for oneself (or other family members), asdsubdivided into attitudinal and
behavioural categories. Attitudinal measures rédebeliefs, attitudes and perceptions
that shape current health behaviours, whereas lmltalymeasures refer to past actions
as predictors of current or future behaviour patier For example, history of routine
vaccination against the seasonal flu (past behavmasitively influenced receipt of the
H1N1 vaccine during the 2009 panderfié? In addition, behavioural measures, such as,
caregiver attitudes towards prevention have a majpact on children’s acceptability of

therapies.

2) The interpersonal level refers to the influen€social networks, as well as the norms
and mores within those networks, on individual hvétar patterns. For example,
adolescents are more likely to get vaccinateday therceive their peer groups and health

care providers to be supportive of this practiées the proportion of vaccine recipients
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increases in one’s environment and immunizatiorobmes a social norm, uptake in the

community subsequently ris&S.

3) The last level is the environmental level. Teigel refers to the influence of the social
context on health outcomes. People living in tleene health region are more
homogeneous, are exposed to the same environmahtiead to share similar health
experiences in comparison with people living elseseh Results from multi-level
analyses conducted in the U.S. indicate that thesegy in deprived regions have poorer
health status and more frequent contact with thaltinecare system than those in
wealthier regions, regardless of individual-levekis-economic statu$:?® Further,
neighbourhood characteristics influence health viekas independently of individual-
level factors, such as age, marital status, empdoymand education level. Older
published studies suggest residential context &gyaavenue of influence on health
behaviours, whereby environmental constraints grodpnities to engage in particular
actions are created through social norms, psychaissteess, and media advertisiig>
Although political and administrative policies amdgulations can impact decision-
making, individual behaviours are also shaped bglloorms:” Some health behaviours
are more sensitive to environmental contexts ataowkbeyond the influence of personal
traits. This has been elucidated through studiesmoking patterns, whereby higher
smoking rates have consistently been reported dorgy communiti€s in the United

States.
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Figure 2-1 Conceptual framework
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2.4 Pre-licensure Research

Knowledge, attitudes and awareness related to ®¥ ¥hccine will be presented in the
following section, bringing into sharper focus: figrsonal factors related to HPV
immunization, such as parental acceptability, acckptability of receiving the vaccine
for oneself; and 2) environmental or societal fextassociated with this therapy. Some
intrapersonal-level factors identified during theceine pre-licensure period were found
to have minimal influence on actual receipt of Waecine after it was made available to
the public (as will be evident later), while othéiad a profound impact on receptivity to

HPV immunization after it was approved for use.

2.4 1Intrapersonal level

Pre-licensure studies of the determinants of HP&wetion have focused primarily on
beliefs related to vaccine acceptability. Insigimt® personal beliefs towards the HPV

vaccine offer potentially modifiable targets fotarventions aimed at increasing HPV
14



immunization rates, and the Health Belief Moddihis theoretical framework commonly
used to explain and understand behaviour patterdsatitudes leading to the uptake of
such health interventions. Parental attitudes tds/&lPV immunization have an impact
on children’s acceptability of the vaccine and wgdhess to become vaccinated.
Although a negligible proportion of Canadian paseimt 2006-2007 worried that HPV
vaccination could promote promiscuity in childrexdacontribute to a potential decline in
cervical cancer screening rates, caregivers gdnetamonstrated high levels of interest
in an STI/HPV vaccin®?® This is important because positive attitudes agnoarents
have been shown to translate into therapy recéptrong children. HPV knowledge
in the general population was very low prior to #wailability of the HPV vaccine, and
this lack of awareness contributed to reluctancergmsome caregivers to support

children’s immunization against HPV.

Before the vaccine was available to the publicy @4% of parents in the U.S. intended
to immunize their daughters against HPV and appmnately half (44.6%) were
uncertair’? A systematic reviefd of 28 cross-sectional studies conducted in urban
regions of the U.S. from 1995 to 2007 indicated tha& single most important factor
influencing vaccine acceptability among caregivefs children eligible for HPV
immunization was perceived vaccine effectivene®arents rated this attribute as the
most important characteristic in reducing the ltkebd of HPV infections and related
sequelae. Other factors that positively influenaadegivers in their support for

vaccination included school requirements for HP\mimmization, Catholic religion, and
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having sexually active children. Conversely, ptgsevho were evangelical or born-again
Christians or who were politically conservative wédess likely to endorse use of the
HPV vaccine. Socio-economic status was also assatiwith vaccine acceptability in
that parents with a higher income but a lower I@fedducation were more supportive of
HPV immunizatiorf® Although this review is the most thorough to dateHPV vaccine
acceptability, some important limitations were mbtd he findings were primarily based
on small cross-sectional surveys consisting of @madantly non-Hispanic White
respondents living in urban regions, hence introdyuc/olunteer bias. Few studies
focused on ethnically diverse subgroups of womerdl @ven fewer reported whether
vaccine information was provided to participantgopto data collection. As HPV
vaccine cost represents a significant barrier i8.$tudies of vaccine acceptability, it
may be inappropriate to generalize these findirmgshe Canadian context where the

vaccine is offered free of charge.

In Canada, only one population-based sttidyas been published on personal factors
related to HPV vaccine acceptability. Findings edgd that approximately 74% of
Canadian parents intended to have their daught&esinated, with intention varying
nationally from 63% in British Columbia and the Yark Territory to 83% in Atlantic
Canada. Factors contributing to immunization intentamong Canadian caregivers in
the year preceding vaccine licensure included:ritaai positive attitude towards vaccines
in general and HPV immunization specifically; hayireceived a recommendation to

vaccinate their daughters from family and/or frisntelieving that HPV immunization
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does not condone sexual activity; and having andrier relative at risk for cervical
cancer?® Limitations of this research included a low resg®rate of 55% and selection

bias.

2.4.2Interpersonal level

Almost all studies indicated that receiving a reamendation for immunization from a

clinician was one of the most important determisasfta parent’s decision to vaccinate
his or her daughtéf.:?®3° A population-based stutfconducted in Canada revealed that
caregivers had significantly greater intentiongnofunizing their daughters against HPV
if they received recommendations to vaccinate fphysicians. Before the vaccine was
licensed for use, physicians were generally in tavaf the HPV vaccine and intended to
recommend it to older individuals as well as to &8s, as they perceived women to
derive a greater health benefit than their malentarparts. In pre-licensure research,
physicians who were supportive of immunizing pretadcents believed that the HPV
vaccine should be offered before sexual debut, @dsethose who preferred to immunize
older adolescents did not perceive their patiemtiset at high risk of HPV infections or

were reluctant to discuss sexual health with chiidsr young adolescenits.

2.4.3Environmental /societal level

There were no societal or contextual factors regbim the literature as determinants of

vaccine acceptability in the pre-licensure years.
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2.5Post-licensure Research: Determinants of actual HPVaccine receipt / uptake

Given the high cost of this therapy and disappogqtiesults with respect to uptake,
further Canadian research is needed on this issMmst of the research on HPV
immunization was undertaken before the vaccine pudiicly available. There are only
two published population-based studies on the oetants of actual HPV vaccine
uptake in Canad®:*? Although post-licensure research is limited, mie® of the

literature on actual HPV vaccine receipt is neagsgaprovide a better understanding of
the factors that caused individuals to engage iccima preventative behaviours and

endorse HPV immunization.

Some factors associated with intention to vaccinat@re-licensure research differed
from those associated with actual receipt of thecwee. Although empirical research
suggests a fairly strong correlation between imb@ntand behaviour, post-licensure
studies showed that only a small proportion of gaes followed through on their initial

intentions to immunize childreff. In the pre-licensure period, attitudes and belieére

important determinants of acceptability, with péred vaccine efficacy, safety and
access, and perceived susceptibility to HPV infedti as common determinants of
intention to vaccinate. Parental concerns overuaexromiscuity following STI

vaccination were identified as possible barrierthtouptake of the HPV vaccine. In the
post-licensure period, the latter two factors waot¢ associated with actual vaccine

receipt.
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Modifiable factors that influenced uptake are céarpublic health interest as they offer
an opportunity for public health authorities to emntene and design targeted
interventions’® The following section will provide further insiginto the determinants

of immunization uptake at all eco-social level$ha post-licensure period.

2.5.1Intrapersonal level

Acceptability of HPV vaccination among adolesceantd young adults is influenced to a
large extent by social and subjective norms. Aslmdats who perceive their parents,
clinicians, and friends to be supportive of preiantealth measures are more likely to
receive immunizations. Mothers’ health behaviowrse important predictors of

daughters’ attitudes towards HPV immunizatidf! U.S. data from 2006-2007 indicated
that young girls were 1.47 times more likely toaige the HPV vaccine and 1.42 times
more likely to complete the series if their motheeported a history of Pap testing.
Maternal attitudes towards prevention were strorageong caregivers with a history of
STIs and who routinely presented for cervical ayggl Mothers’ testing history

influenced vaccine initiation and regimen completaamong daughters, and this finding
was consistent across ethnic and socio-econométastr Girls with health-conscious
mothers who missed a dose of the vaccine regimea mere inclined to return to the

clinic for series completion. Also, daughters wecamewhat more likely to engage in
preventative health behaviours if their mothers badn previously diagnosed with an
STI, however this varied by ethnici{. In contrast to non-Hispanic white individuals,
Black children were less likely to undergo vacdotf their mothers reported a history

of STIs** This finding may be influenced by social disadeges among Black sub-
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groups in the U.S. rather than maternal health @onsness. A more recent published
study of a racially and geographically diverse papon living in North Carolina
counties with high cervical cancer rates showed plaaents who lived in urban areas,
believed their daughters to be sexually active ewan-Hispanic white, and had overall
greater knowledge about HPV immunization were niiedy to initiate conversations
about this topic with their girls. In contrastttee previous studies (which often focused
on potentially non-modifiable determinants of ugtaguch as personal traits), this survey
emphasized that mother-daughter communication snasénealth may be an effective
means of prompting girls to undergo HPV ther&pyPrevious research has shown that
parent-child conversations about STIs and heakhaasociated with decreased sexual

risk taking and positive attitudes towards prevamimong adolescents.

Additional determinants of initiation documentedather U.S. studies, included having
fewer health-care related perceived barriers (eapse of finding a health care provider
who offers the vaccine), fewer perceived potertaims (ex. adverse events) related to
vaccination, as well as having anticipated regrfehat vaccinating one’s daughters
against HPV to prevent sequefd@® The U.S. health care system is more fragmented
than that of Canada, and access barriers, suatsasance costs, have a large influence

on willingness to become vaccinated in the Americamtext.

National policies and public health infrastructimBuence health-care decision-making

among parentS. Therefore it is necessary to explore determinaftgccine initiation
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in other countries where publicly funded programes available. Similar to Canada, the
Netherlands offers free HPV immunization to eligildirls and reports similarly low
vaccination rates. Dutch girls born between 198@ 8996 who received two doses of
the MMR vaccine had at least 6 times the odds ofgoePV vaccinated compared with
girls who did not received the MMR vaccine (OR=6.26% Cl: 5.87-6.68}° This
finding underscores the importance of vaccinatistohny as a predictor of uptake of new
vaccines. Furthermore, girls born in the Nethettawere almost twice as likely to be
vaccinated as girls who were ethnic minoritieshiis tegion (i.e. of Moroccan or Turkish
origin). The importance of disseminating culturally-sensiti health promotion
information has been reiterated in previous rese@s a means of reducing health

disparities among vulnerable sub-groups, but resn@aifbe widely implemented.

To date, there are only two published populatiosebastudies on the determinants of
HPV vaccine uptake in Canada. The first, surve3@®25 parents in British Columbia
with grade six girls from 2008 through to 2609 Consistent with American research,
results showed that parents with a higher leveldofcation who reported a need for more
information on the safety of the HPV vaccine weeast likely to immunize their
daughters®” A qualitative study of young adults living in theational Capital Region of
Canada further showed that those with feelingskepscism or uncertainty regarding the
efficacy of the therapy were least likely to accéf®V immunizatio™ Common
reasons for therapy refusal among this group iredudovelty of the treatment and

perceived insufficient research on adverse evesdscated with the HPV vaccine. The
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B.C. survey provided new and important insightsludimg the association between
stable family structure and refusal of childhoodHnmunization®’ Findings were
limited by a low response rate (50%), the inabiidgyrecruit participants from two Health
Service Areas in BC accounting for 15% of the pmoial population (generalizability
issues), and recruitment bias towards English-spgatarticipants’ The second, more
recent study, used Ontario’s administrative hed#itabases to evaluate, among of other
things, the influence of medical history and higtoaf health care utilization on the
uptake of the HPV vaccine in grade eight girls fiyiin the Kingston regioff-
Individuals with a history of medical diagnoses dredjuent contact with the health care
system appeared less likely to undergo HPV immuioizd" The authors of the Kingston
study speculate that chronically ill girls (asdeamced by frequent health care system
encounters) may be less likely to undergo HPV wvet@n to avoid post-treatment
adverse events, such as autoimmune disorders.c®hikcts with the B.C. survey which
showed that 8% of caregivers with girls predisposedill health requested HPV
vaccination as a prophylactic measure for theigtigers®’ Further research is needed to

confirm these findings.

2.5.2Interpersonal-level

Health care provider recommendation to vaccinatetha greatest influence on parents
with respect to immunization acceptabiltfy’>*>*" This underscores the impact of health
care providers in addressing patient concerns abeuHPV vaccine and in influencing

caregivers’ attitudes and behaviours related taination decision-making. In a cross-

sectional study of caregivers with girls ages 10l&years living in North Carolina,
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physician recommendation to immunize predictedandn of at least one of the three

HPV vaccine dose¥.

To enhance public health programs, it is worthwldleompare clinicians’ intentions to
recommend this therapy to patients with actual meoendations made. Before the
vaccine was licensed for use, physicians were gépan favour of the HPV vaccine,
however, some believed it should be offered toep#si at a later age than that
recommended by national guidelines. Post-vacdicensure research indicated that
physicians and parents supported the delay of H®¥iunization until children were at
least 12 years of adé. The reluctance to offer prophylactic vaccinatiefore grade 9
may be problematic given that almost a third ofdren are sexually active by this time.
Factors that predicted whether a physician was@tipp of the HPV vaccine included
HPV knowledge, perceived susceptibility of patietdsHPV-related disease, perceived
severity of infections, and believing that professil organizations endorsed this

practice’ 3937

2.5.3Community / societal level

Literature on the influence of the community on ltrealecision-making is scarce.
Challenges encountered in elucidating behavioulglysdhrough the modelling of
individual-level variables have called for ecologitalyses and the examination of how
neighbourhood characteristics can shape healthvimelta. Literature on multi-level

modelling abounds in the education and health dieldd proponents of this approach
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have used it to explore the cross-level interastioetween the individual and the context
in greater depth’?°

Only one published study conducted in the Netheddaexists on the influence of the
environment on HPV vaccine uptake. Program impleaten results of developed
countries provide important directions for futuesearch in regions such Canada and
warrant further investigation. In the Netherlan@gatch-up campaign using the bivalent
HPV vaccine was organized for girls born betweamuday 1, 1993 and December 31,
1996. As in Canada, HPV immunization was offereeefof charge and personal
invitation letters were sent to the eligible girldPV vaccine uptake, captured in national
centralized databases, varied from 31% to 61% ad@asnmunity Health Service (CHS)
regions responsible for the implementation of thmmunization program at the local

level 3®

Although socio-economic status and race/ethnigitye important determinants
of HPV vaccine uptake in multi-level analyses, Cld$el characteristics had a
significant impact on regional vaccination ratesr Example, the use of local media to
promote the HPV vaccine negatively influenced imipation rates, whereas discussions
between CHS immunization program coordinators amdals, pupils, family physicians
and gynecologists positively influenced local utakFurther, areas with lower socio-

economic status and higher regional percentagestofvaccination groups represented

by Christian Union voters were associated with loWEV immunization rat€§
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Although there exists no research on the influenicsocial context on HPV vaccine
uptake in Canada, a program evaluation study wasdumed in Ontario to assess the
challenges associated with HPV vaccine delivery aadeptance by health unit
stakeholders and students. This evaluation wascpkarly important for two reasons.
The Ontario Ministry of Health and Long-Term Caeeegived 117 million dollars from
the federal budget to fund the first 3 years ofubligly-funded, school-based HPV

immunization program, with the aim of achieving 8Q¥ptake®**

Despite initial
optimism in this therapy, results were disappougiiinow with approximately half of
eligible Ontario girls vaccinated. Therefore, &alaation of this initiative was needed to

determine the factors that caused the provincietivation rate to reach the lowest level

in Canada.

Evaluation findings revealed that 16 of the 36 tieahits encountered resistance from
local school boards in implementing the HPV immatizn progran?> Some school
boards were reluctant to agree to program impleatiomt for religious reasons. To
garner school board support, health units engagttdsehool board authorities to refine
communication materials distributed to pupils. keanits with greater resources who
offered HPV vaccination in sexual health clinicsotighout the year reported higher
immunization rates. Program acceptability amoa@iettolders was also greater if health
unit managers engaged with school board officiaiergo program roll-out, if health
promotion materials were provided to students, etdcational sessions on HPV were

held in school§® Hence, HPV vaccine decision-making and subsequetake appeared
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to vary depending on the social context of thethaatit. This evaluation highlighted the

necessity of studying ecologic factors relatedgtake in the Canadian context.

The program in Ontario was initiated in Septemb@d72and continues to offer free
immunization with the quadrivalent HPV vaccine (G=sil®) to all grade 8 girls on a
voluntary basis. Catch-up vaccination is offeredjitls entering grade 9, provided they
received at least one dose in Grade 8. Publictheairses administer the three-dose
series at 0, 2, and 6 months at school clinicgilidé girls may also receive the vaccine
free of charge at their public health units or ptigs’s office; however, the vast majority
of them are vaccinated at school. Parental coniseréquired before this voluntary
immunization occurs, however some health unitswalifirls who do not have parental

consent to receive HPV immunization should theyhwisdo so>>°

2.6 Special populations at high risk for HPV-related dsease

There is utility in studying the determinants ofalte behaviours of vulnerable sub-
groups of the Canadian population, bringing intarpbr focus sexual health disparities

and priority groups for targeted interventions.

Aboriginal people are disproportionately affectgdHPV-related genital cancers and are
more likely to die from a cervical cancer diagnosiscomparison with their non-
Aboriginal counterpart®®®* From 1988 to 2004, the age-standardized incideatgeof
cervical cancer among Aboriginal females living lodian reserves and in villages in

Quebec was more than double in comparison witlyémeral Quebec population, and the
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age-standardized mortality rate was approximately times greater than that of the
general population during this peridd. Similar disparities have been observed in the
Northwest Territories (NWT). Aboriginal femalespoet a higher prevalence of HPV
infection than the general female population. &4 Svomen ages 15-69 years living in

Nunavik, Quebec between 2002 and 2007, 28.9% wézeted with HP\P3

Factors such as, cultural differences, access ebsyriand lack of awareness and
knowledge about the importance of Pap testing dmri to this issué® There is a
paucity of information on HPV immunization ratestims group and has been identified

as a gap in the literature.

Similar to Aboriginal populations, Black women ihet US are disproportionately
affected by cervical cancer and are more likelpeadiagnosed and die from this disease
in comparison with non-Hispanic white women. FartiBlack females with access to
care are less likely than the general populationengage in vaccine preventative
behaviour€?3? In 2010, less than half of U.S. Black people clatgt the three-dose
series, and in comparison with non-Hispanic whitéividuals, Black Americans were

33% less likely to report HPV vaccine initiationrihg this period?2

Common barriers to uptake among the latter groaluded fear of side effects, believing
that insufficient research had been conducted envtcine, and not having received

physician recommendations for immunization. ThdloWwing factors have been
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identified as potentially influential in increasirtPV vaccine uptake among black people
in the United States: physician recommendation HR?V immunization, outreach
provided to vaccine-hesitant individuals, and fartbducation about HPV immunization

and its safety profil&*3?

The United States is comparable to Canada in mespects; American studies can be an
important resource for ‘lessons learned’ and cawvide directions for future analyses in
this country. Similar to the U.S., social ineqtiaf and health disparities persist in
Canada.  High-risk groups, including ethnic miriest and certain immigrant
populations, do not fully benefit from public hdalprograms. Cultural factors,
knowledge gaps related to STI prevention strategied access barriers contribute to this
issue. In particular, Aboriginal people are digmxtionately affected by HPV disease
and experience high cervical cancer mortality ratescomparison with their non-
Aboriginal counterparts. Given the scarcity oéf#ture on this topic, further research
needs to be conducted on HPV vaccine uptake amacigl rand ethnic sub-groups in

Canada.

2.7 Research Gaps and Opportunities

The literature supports the eco-social model (ngstihree levels) as a relevant
framework to understand vaccine uptake in Canabtabrief, the intrapersonal level
describes personal factors, such as attitudes alnefd) that impact decision-making for
oneself (or other family members).Its main limitation is the reliance on self-refsat

data to collect information, thus incurring recatd social desirability biases. The
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interpersonal level refers to the influence of abaietworks including peer groups and
health care providers on health behaviours, whie ¢ommunity level captures the
influence of social context on health outcomes. sfite the appeal of elucidating
behaviour patterns through the analysis of the renwient, there are limitations
associated with this construct. Contextual effeats generally explained through
internal psychological processes that cause indalglto be differentially susceptible to
their environment and thus to take different actidrf> Not only is it difficult to

measure these processes but it is nearly imposshl@ccurately determine the
accumulated effects of the neighbourhood environsnen behaviours. Nevertheless,
the eco-social perspective has frequently been aradlin multi-level research in the
social science field and provides a valuable fraor&vior understanding the factors that
cause individuals to consume interventidfs. Thus, the HPV literature was reviewed
according to eco-social model constructs to clathe determinants that influence

vaccination rates in Canada and elsewhere.

The research on the determinants of HPV vaccinakeppublished to date is generally
limited to non-Hispanic white people who are matyiare of higher socio-economic
status, and live in urban centres; thus limiting generalizability of the findings. Many
of these studies are also limited by selection Hises to low response rates. In addition,
the consistent lack of reporting on the validitydam reliability of research instruments
used prevents the quantification of measuremerd. bighe self-reported nature of the

data in some studies may result in recall bias, thedaccuracy of self-reported HPV
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vaccine initiation information has not yet beenedetined. Other limitations of the
studies available to date include small samplessia®ss-sectional designs with different
sampling frames, and the use of random-digit diphmethods resulting in recruitment
bias toward more affluent subgroups of people. tHemmore, between-country
comparisons of the determinants of HPV vaccinekgtae difficult to undertake due to
incomplete data reporting on immunization practiasswvell as cost barriers associated
with vaccine availability in some countries. Altlgh the available evidence is generally
insufficient to direct future HPV immunization pmagn interventions in Canada, it
provides a starting point for evaluating potenyiathodifiable determinants of HPV

vaccine uptake.

Discussions on study limitations are worthwhileb&gter understand the current gaps in
the literature and opportunities for future reskar@he most important limitation of the
evidence on intent to vaccinate is that perceptidasnot necessarily translate into
vaccination behaviour. As such, several factors ithituenced vaccine acceptability in
the pre-licensure period were different from thassociated with actual uptake of the
HPV vaccine following licensure. For example, géved vaccine efficacy and parental
concerns over sexual promiscuity following immutiiza were significant in the pre-
licensure years, but were not found to predictaoaccine receigt Parental attitudes
towards the HPV vaccine, however, was one of tkdiptors that remained significant in
vaccination decision-making both before and after taccine was licensed for (f8&>

This is an important finding given that parentahsent is often necessary before HPV
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immunization occurs. Nonetheless, it is necesgaryconfirm such cross-sectional
findings with cohort studies as the latter offarosger evidence regarding potentially
causal associations between determinants and agptake. Administrative health
databases in Canada capture cohort data and aefrbmn the selection and social
desirability biases associated with most surveysywdver they do not record
intrapersonal characteristics, such as parenitl@gs and beliefs. Proxies, however, can
be used to provide information on caregiver atBgidowards the HPV vaccine in
Canada. History of immunization (or lack thereef)th mandatory and/or other
voluntary vaccines recorded by the ImmunizationdR@dnformation System (IRIS) in

Ontario can provide an indication of parental belend attitudes towards vaccination.

After the HPV vaccine was available for use (paserisure), American research
identified physician recommendation as the singtstmmportant determinant of HPV
vaccinatiom.*%*>3" |t follows that those with limited opportunitie® consult a
physician fail to be informed about this therapyl drence may not fully benefit from
cervical cancer prevention strategies availablééopublic. The U.S. health care system
is complex and insurance issues pose special ogaklethat may not be encountered in
Canada where citizens are offered universal heedite. Thus, it is necessary to
determine whether American findings also hold trigg the Canadian context.
Administrative databases in Ontario provide a solrce of health information that may
be used for such purposes. The National Ambula@ane Reporting System (NACRS),

Ontario Health Insurance Plan (OHIP), and Dischabstract Database (DAD) capture
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frequency of patient contact with the health cagtesn; this variable may be used as a
proxy for the probability of receiving physiciancceanmendations to vaccinate. Those
who report a higher frequency of medical visits rhaye a higher likelihood of receiving

clinician recommendations to immunize.

The discourse on HPV immunization has revolved @madantly around individual-level
factors. Despite the accumulation of knowledgepersonal factors that may influence
HPV immunization, vaccination rates have not imgaand knowledge gaps regarding
determinants of uptake still remain. More rece&search has pointed to the importance
of studying the influence of context on health heébtars. Social environments shape
individuals’ attitudes and actions, and peoplenlivin deprived regions have been shown
to have worse health outcomes than those residingare affluent ared<$:* Material
deprivation factors could partly explain the lowtake of public health interventions in
certain areas. The program evaluation of the HRMggam roll-out in Ontario indeed
suggested the possible variation of vaccinatioresrascross provincial health units
because of contextual characterisfichiowever this finding remains to be confirmed.
Given that national administrative databases docapture health unit socio-economic
information, the Canadian Census can be used t@atxsuch data. To determine
whether social inequalities contribute to low ugtedt the health unit level, material
deprivation characteristics (representing the $owmdatext) can be measured. These
include low income and education, and lack of dati@port, and may be used to inform

future health planning efforts.
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In addition to increasing intervention uptake,sitequally important to minimize health
disparities and ensure that vulnerable populatioaxge equal access to the therapies
available to the general public. Population suinigs, such as Aboriginal people, have
been shown to be more vulnerable to disease asdikety to benefit from prevention
efforts. Research on this topic in the HPV fieddscarce and further analyses on the
influence of race and ethnicity on vaccination sadée¢e needed to provide insight into

high-risk sub-groups that may experience barrieccessing HPV immunization.

It is worth mentioning that the literature syntlzesi thus far has primarily focused on
variables that influence HPV vaccingtake Although it is important to determine
which people are benefiting from this interventignmay be of greater public health
value to investigate the correlates or specificati@ristics that are linked teon-uptake

of the vaccine. The Kingston study suggested naédlistory as a potentially important
determinant of vaccination refusal in Canada, oals sample size precluded results
from reaching statistical significance (and requioafirmation). Additional analyses on
the predictors of HPV vaccine non-receipt can bedus direct program roll-out efforts

to specific groups that are not accessing thisaner
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Chapter 3

METHODS

3.1 Study Objectives

The aim of the study was to provide an understandindeterminants of non-uptake of
school-based HPV immunization offered to grader gn Ontario. The study objectives
were:
1. To identify the prevalence of non-uptake by heatit from 2007-08 to 2010-
11, as well as the health unit-level factors thdtuenced vaccine refusal
during this time; and

2. To identify the individual- and health unit-levedtdrminants of non-uptake.

3.2 Study Design

A retrospective cohort of girls eligible for Ontals school-based HPV immunization
program between 2007 and 2011 was identified uadhginistrative health databa$és
The outcome was HPV vaccination recorded betwegteSwer I of the Grade 8
school year and the date of death or March 31, Z@fiidy end). The Immunization
Record Information System databases maintainedrigr©@’s health units were used to
determine the vaccination status of study subjedtalividual-level characteristics of
cohort members were identified through record lggkdetween administrative health
databases at the Institute for Clinical and EvaheaGciences (ICES) and the 2006
Canadian Census. Ecologic (health unit-level)diecthat may have influenced the use

of the HPV vaccine were identified through the 2@#hadian Census. The population-
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averaged effects of characteristics associated Wit vaccination were identified using
generalized estimating equations (GEE) This method takes into account the

correlation introduced by the clustering within hleanits.

3.3 Cohort Formation

Ontario’s Registered Persons Database (RPDB) wad tesidentify the study cohort.
As school grade information is not available in #uninistrative databases, birth cohorts
were used to identify grade 8 girls insured undeiR) with a valid ICES key number,
and eligible for the province’s HPV vaccination gram offered between 2007 and 2011.
Given that individuals typically turn thirteen ysasf age by December 3f their grade

8 year, study subjects born in 1994, 1995, 1996,1897 entered grade 8 in September
2007, 2008, 2009, and 2010 respectively, and becagigidle for the corresponding
year's vaccination program. Although this approaduld have missed those who
skipped or failed a grade, a re-abstraction stidii@ KFL&A records demonstrated that
using the birth cohort definition correctly idemid 96.4% of females eligible for the

2007-2009 program yeats.

The study index date was SeptembEpfithe Grade 8 school year (cohort entry) and the

study end was the minimum of either the date offdeaMarch 31, 2011.

3.4 Outcome

The Immunization Record Information System (IRI&)abases maintained by Ontario’s
health units were merged with the cohort datasetetermine the HPV immunization
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status of study subjects. A dichotomous varialdes wreated to identify those who had
been immunized with the HPV vaccine. Subjects veoeived at least 1 of the 3 vaccine
doses were considered vaccinated, while those wthonot receive any doses were

classified as unvaccinated.

3.5Data sources

The following six data sources were used: 1) Immation Record Information System,
2) Registered Persons Database, 3) Canadian testituHealth Information Discharge
Abstract Database, 4) National Ambulatory Care R&pp System, 5) Ontario Health
Insurance Plan, and the 6) Canadian census 2006heseT databases contain
immunization, population and demographic data, all as health service utilization
data, such as information on discharges, diagnodeaths, and transfers between
facilities. Additional detail is provided on thatd sources that were used to obtain and

analyze the study cohort.

3.5.1Immunization Record Information System

The IRIS database was developed by the Ontario MOHto assist the province’s 36
health units in tracking and recording immunizasiaf school-aged children mandated
under thelmmunization of School Pupils Act (1982s well as optional vaccines
performed in Ontario clinics, schools, private-hodey care facilities, and physician
offices! Each record in IRIS contains data elements sschaacine name, lot number
and immunization date. When a student transfeis $ohool in a different health unit,
the legal guardians are required to provide thédshimmunization records to school
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board authorities, who then submit the recordsR&Sl As such, IRIS records are

considered complete and up-to-date for individwdi® move to another health unit.

This data holding is highly accurate in capturing\Himmunization information with a
sensitivity of 99.8% (95% CI: 99.3 - 99.9) and sfeity of 97.7% (95% CI: 96.3 -
98.7). Following transfer to ICES, 95.6% of theawls in the IRIS database of the
Kingston, Frontenac, Lennox and Addington (KFL&AE#th Unit were linked with

Ontario’s administrative health databa&es.

For this study, IRIS databases belonging to 21 afuB6 public health units were

available.

3.5.2Registered Persons Database

The Registered Persons Database (RPDB) is maidtdipehe Ministry of Health and

Long-Term Care and captures demographical infoonatsuch as date of birth/death,
sex, and postal code for all Ontario residents El/dy the Ontario Health Insurance
Plan (OHIP). This population-based registry wapged of personal identifiers at ICES

and a scrambled, unique identifier was assignegob individual.

3.5.3Canadian Institute for Health Information Discharge Abstract Database

The Discharge Abstract Database (DAD) routinelytasgs demographic, clinical, and
administrative information from participating fati#s such as hospitals, and records are
coded using the International Classification ofdaises, versions 9 and 10 (ICD-9 and
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ICD-10). The submission of hospital discharge rao$$ from hospitals in Ontario to
CIHI is mandatory; therefore, information on acaéee, chronic care, and rehabilitation

is available.

Information in the DAD can be considered complatsgurate, and reliable. In 2007-08,
a re-abstraction study comparing hospital medidarts with DAD records found

sensitivities of 80% and 92% for significant diages® and interventions reported on
DAD abstracts, respectively. A trend of increasitaga completeness was reported from
2005-06 to 2007-08. When the ICD-10 codes in nadibarts were compared with the
ICD-10 codes in DAD, 87% agreement was found fgnigicant diagnoses, suggesting

high reliability of data in the DAD.

3.5.4National Ambulatory Care Reporting System

The National Ambulatory Care Reporting System (NAJRaptures information on
acute care institution separations, and facilityed @ommunity-based ambulatory care
provided across Canada. NACRS provides informatioremergency department visit

dates and discharge diagnoses coded using ICD-8Cand0.

When ambulatory care chart reviews were comparéll the NACRS database, high
agreement was reported for the ‘main problem’,raefias the most clinically significant
reason for the patient seeking ambulatory or enmengeare. Under-reporting of co-

morbidities was commoh.
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3.5.50ntario Health Insurance Plan

Health care providers in Ontario submit claims he Ontario Ministry of Health and
Long-Term Care and are reimbursed for servicesigeavthrough the Ontario Health
Insurance Plan (OHIP). Each record in OHIP costalata elements such as patient
identifiers, service fee codes, patient serviceeslaand diagnosis codes. This data
holding captures both fee-for-service billings ahddow billings. Almost 5% of Ontario
physicians submit shadow billings and are covernedeu the Alternate Funding Plan
(AFP); notwithstanding that not all services perfed are captured through shadow
billing submissions. Health care workers that pag of Community Health Centres or
Family Health Organizations operate outside thefdeeservice system and are not
required to submit shadow billings, thus serviceadkom these locations are not

available™*

3.5.6Canadian Census

The 2006 Canadian Census was used to identifyablegic-level variables. The Census
is a self-reported survey conducted every 5 yegrsStatistics Canada to provide a
statistical portrait of the Canadian populationheTCensus captures socio-demographic
information such as age, sex, dwellings, maritaltust, etc. for different levels of
geography (e.g., Census tract, sub-division, digs&ion area, postal code) and is used
to calculate, among other things, population edisiaand plan public health care
services. The Census enumerates the all cititmded immigrants, and non-permanent

residents of Canada. By law, each household mumstige the data required by the
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survey. Until 2011, the Census consisted of tlwetsland long-forms. The long form is
a more detailed version that was completed by 2D#teohouseholds. At the time of the
analysis, the Census from 2006 was available tandswas therefore used in this study.
An analyst at ICES derived the health units comwesing to postal codes in RPDB

through record linkage with the Censti$

3.5.7PSTLYEAR Files

The PSTYLYEAR files are created at ICES using saveata sources and contains
records for all people captured through RPDB. PISTEYAR files are updated annually

and have been available since 1991. The most @ecpostal code for each person on
July T' of a given year is determined from data holdingailable at ICES, such as the

RPDB and CIHI-DAD, and constitutes the main datarent in these file?.

3.5.8PCCF Files

ICES uses Statistics Canada Postal Code Conveldies (PCCF) to link postal codes
with identifiers for various Census subdivisiorSensus subdivision measures based on
2006 Statistics Canada data are contained in tleissuch as neighbourhood income
quintile, as well as urban/rural status indicatoeighbourhoods are identified as urban
or rural in accordance with the Statistics Canaddasdication system, whereby areas
with population concentrations greater than 1,080pte and a population density of at
least 400 people per square kilometre, are corexiderban, while areas outside these
delimitations are rural. According to the StatistiCanada (2006) definition, urban
populations include people living in urban corex;andary urban cores, urban fringes of
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census metropolitan areas (CMA) and census aggaiioes (CA), and people living in

urban areas outside CMAs and CAS®

3.6 Data access and record linkage

Initially, the IRIS databases were not ICES datigings. A copy of the IRIS database of
each health unit was transferred to ICES under [Bduaring Agreements to create a
provincial immunization database. To preserve identiality and anonymity, ICES Key
Numbers (IKN) were created for each record and mlaene of the health unit

corresponding to each IKN was added.

To create IKNs, data from the RPDB were first lidkeith IRIS on the basis of OHIP
numbers. For IRIS records with a valid OHIP numlgsterministic linkage (complete
match between OHIP numbers in RPDB and IRIS) wasopeed and IKNs were
assigned to corresponding IRIS records. All peatadentifiers (i.e. OHIP numbers)
were then removed to preserve anonymity. For iddads with invalid or missing OHIP
information in IRIS, probabilistic record linkage.g., pairs of data records did not
contain identical entities, and 2 or more sources to be used to identify an individual)
was conducted between RPDB and IRIS on the badissband last name, date of birth,

and sex.

All data entries in IRIS, CIHI-DAD, NACRS, OHIP, drkRPDB require the use of this
unique identifier, therefore complete record linkagross databases and across time was

possible at the level of the individual.
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3.7 Ethics

Individuals were not contacted during this study athics approval was received from

the Queen’s University Research Ethics Board.

3.8 Study period

Since most people are healthy during childhood asmlescence, history of health care
utilization was examined between birth and cohattye Immunization with the HPV

vaccine was evaluated between the study indexatatestudy end.

3.9 Study variables

The exposures of interest for objective 1 were tified at the ecologic or health unit-
level, while exposures for objective 2 were defim¢doth the individual- and ecologic-
level. The outcome variable for both objectiveshis study was non-uptake of the HPV

vaccine, measured at the individual level.

3.10Ecological variables

Ecologic (health unit-level) factors that may haviuenced the use of the HPV vaccine
were identified using the 2006 Canadian CensusléTali). The percentage of people
in a health unit with each characteristic was datiione or single parent families, rented
dwellings, average income of people 15 years addrplArabic ethnicity, West Asian
ethnicity, South Asian ethnicity, East and SoutlstEasian ethnicity, North American
Aboriginal ethnicity, Registered Indian status, &es 10 to 14 years, non-family persons

living alone, non-English mother tongue, non-Fremsbther mongue, Arabic mother
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tongue, Chinese mother tongue, employment (totgujadion 15 years and over by
labour force activity), visible minority status,wezhtion level (no certificate, diploma, or
degree), and marital status. In addition, the egrmpkent:population ratio of people 15
years and older, and the average after tax incoree wlso examined. Following
variability and collinearity assessments using anate analysis and correlation

coefficients, respectively, eight variables weraireed for further analyses (Table 3-1).
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Table 3-1 Statistics Canada definitions of the vaables used in the ecological
analysis

Variable Statistics Canada Definition

Average income beforeThe sum of the total income before-tax of all induals 15

tax years and older who reported income (in relatiofstatistics
Canada’s low income before tax cut-offs) for 200bdkd by
the number of people with income in a health 4t

Lone parent A caregiver with no spouse or commaengartner living in a
dwelling with one of more childréh*°

Household type (living Non-family person living alone in a dwellifig’
alone)

Education level: highestThe highest educational qualification based omettificated,

certificate, diploma or diplomas and degrees obtained (e.g., secondaryolscho

degree graduation, registered apprenticeship and tradefiege,
universityf>°

Employment/population Ratio of the total number of people 15 years of age over

ratio of people 15 yearsin the labour force in the week prior to May 16080 the

and older total health unit population; respondents were sifigsl as
employed, unemployed, or not in the labour f6t¢&

Marital status asA person’s de facto conjugal status; respondentse we

divorced, widowed or classified as married and common-law; separated shlit

never married legally married (individuals no longer living witheir spouse
but not divorced); divorced (people who legallyatised and
never remarried); widowed (people who lost thewuse and
never remarried); never legally married (single glepand
individuals whose marriage has been annulled anal éve
not remarriedj®*

Aboriginal ancestry People who reported at least Aboriginal ancestry, such as
North American Indian, Métis, or In@it>°

Visible minority As per the Employment Equity Agbersons, other than
Aboriginal peoples, who are non-Caucasian in rageao-
white in colour®®*
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The first six of these variables were used in meyi Canadian studies to construct a
commonly-used deprivation index, known as the Paonpkadex (PI). In this study, we
used a similar methodology as the original studgcdbing the Pi>* to create a
deprivation indexn order to explain contextual differences in HR&cine non-uptake
across Ontario health units. The PI, proposedNSQP, has been consistently used to
measure social inequalities and contextual deponah Canada. Variations in overall
scores of this composite index have been linkedygographic trends in premature

mortality. The rationale for the use of a depiimatindex is presented below.

3.11Deprivation index variables

The initial index proposed by Pampalon is composletivo dimensions, one capturing

social aspects of the environment and the oth&atirig material condition:*

3.11.1Material dimension of the original Pampalon index

The material dimension predominantly captures itics related to education, income,

and employment (Table 3-2).
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Table 3-2 Summary of rationale for examining the ealogic (health unit)-level
covariates in the study

Covariate

Rationale

Income

Education

Employment

In American studies, low income has consibtebeen linked to low
uptake of vaccines in general and in particulae thHPV vaccine;
however, cost barriers in the U.S. preclude theegdization of
American findings to the Canadian context. Intengby, a recently
published study on influenza vaccine uptake inut®. has shown lower
vaccination rates among socially deprived groupsenewwhen
immunization was provided free of charge. Resaits conflicting and
further research is warranted to determine theu@mite of income on
immunization decision-making:*’

American and Canadian studies show figatlavels of education have
been associated with skepticism regarding the twtilof HPV
immunization and therefore, with lower uptaRe’

There is a paucity of data on the aatioa between employment and
HPV immunization; however this variable may be \eéelas a proxy for
socio-economic status (SES). Although lower SES leen linked to
lower HPV vaccination rates in the U.S., a B.C.dgtishowed that
parents with higher social status were more infarrabout the benefits
and harms of HPV immunization and less likely t@ept it for their
daughters than caregivers with lower social statu$he type of
employment may be important when analyzing HPV wexoon-uptake,
however this level of detail is not available in t&ics Canada date
Since employment is closely related to SES, thenatility in including
this variable in a determinants analySig’

3.11.2Social dimension of the original Pampalon index

The social dimension of the Pampalon index refl¢éoésstate of being a single parent,

single/divorced/separated, and living alone in asebold (Table 3-3). It measures the

level of social support, network, and social cdpitBy including this social dimension,

aspects of the social context potentially assodiatéh non-uptake are captured.
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Table 3-3 Summary of rationale for examining the ealogic-level covariates in the
study

Covariate Rationale

Single parents Single parents have generally beported to have lower
SES and potentially higher knowledge gaps regarding
vaccinations than individuals in stable household
structures”™>’

Living alone Living alone in a household may beoagible proxy for
lower SES and thus, lower likelihood of receiving
immunizations’> 3’

Single/divorced/separated U.S. studies show thatesidivorced, or separated people
often experience barriers in accessing preventiategies
than those in a family composition. Canadian data
publicly-funded initiatives suggest that knowledggps
may cgsrgtYribute to low prophylactic therapy usehis t

group:

3.11.3Creation of the Deprivation Index for the public health unit (ecologic)-level

The material and social variables obtained fromQ@kasus were analysed independently
and as an aggregated composite score derived femtay analysis. For the latter, the
original two-component structure of the Pampalopridation index capturing social
deprivation (single parent status, single/divordeding alone) and material deprivation
(education, income, employment) were examined uBingcipal Component Analysis
(PCA) as per the original stutl?®. PCA is the preferred approach for developindhsuc
indexes. In contrast to the original index, we aveiot able to derive two separate
components to independently capture material amthlsdeprivation. In our analyses,

five of the six indicators used in the original Bisas by Pampalon were highly
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correlated and loaded onto one factor; these iedualerage income, education status,
employment/population ratio, single/divorced/sefetastatus, and living alone. Based
on the factor loadings of each of the five indicatmcluded in our deprivation index, a
score was created for each health unit, and thesgeazed into quartiles from least to
highest deprivation. The percentage of single-gafamilies, the factor that in the
original Pampalon index loaded as a social fatt@ged alone onto the second factor in

our analysis. Hence, it was considered as an imdkgme factor.

3.12Individual-level variables

The exposures of interest at the individual-levetluded health care utilization,
immunization with mandatory and optional vaccines, well as medical history
consisting of previous diagnoses. Health carezatibn was described through four
different measures. The medical conditions comsttlancluded those resulting in
frequent contact with the health care system, &ode serious enough to potentially
affect the decision to vaccinate against HPV. theakrvices utilization was defined
according to the number of hospital admissions,rgerey department visits, outpatient
physician visits, and total length of hospital staylistory of health services utilization
was used as an indicator of health status andeopttbpensity to come into contact with

the health care system.

3.12.1Immunization history

To create histories of vaccination with optionatlanandatory vaccines, immunization
data was evaluated between birth and cohort enksg. per the Designated Vaccines
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under the School Pupils Act, optional vaccinesudeld hepatitis B and meningococcal
C, while mandatory vaccines were measles, mumgslley tetanus, diphtheria, and
polio.” Two dichotomous variables were created to idgrtifmunization with optional
and mandatory vaccines. Immunization with optiovatcines was identified if there
was a record of receiving hepatitis B and meningoabC, while immunization with
mandatory vaccines consisted of complete vaccinatith all the designed vaccines.
History of immunization, particularly with optionaiaccines, was used as a proxy for

parental beliefs and attitudes towards HPV immutiona

3.12.2Health care utilization

Health care utilization was derived using data elets from DAD, NACRS, and OHIP,

and was characterized by frequency and intensityeafth service use. History of health
care utilization was defined according to the 1)ynber of hospital admissions, 2)
emergency department visits, 3) outpatient physiisits, and 4) total length of hospital
stay. These four measures were determined for sty subject after merging the
cohort dataset with NACRS, CIHI, and OHIP. Thatotumber of days hospitalized was
determined using CIHI data, the total number ofpitat and emergency room visits were
identified through the CIHI and NACRS databasepeaetvely, and the total number of

outpatient physician visits was derived using OH&®a.
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Health service utilization data were continuous asldwed, therefore univariate
distributions were used to guide the selectionadégories that capturing distinct groups

of girls with varying intensity levels of healthrsie utilization.

3.12.3Medical history

Medical histories of study subjects were evaluatsidg OHIP, NACRS, and CIHI-DAD,

and consisted of diagnoses with common conditi@taéen birth and cohort entry.

To determine the data holding positions capturimg tnajority of diagnostic codes, a
frequency count was run over all positions in C#ld NACRS. Approximately 90%-
95% of ICD-9 and ICD-10-CA diagnoses were captusgdhe first three positions in
NACRS and the first five positions in CIHI; therefothe these positions were retained.
OHIP contains a single position that captures diatio codes; thus a frequency count

was not necessary for this data holding.

NACRS and CIHI were then merged and a frequencytcolieach diagnostic code was
performed over all positions. This process wagaggd for OHIP, and medical histories

were subsequently created based on commonly ichtifagnoses.

3.13 Statistical Analyses

3.13.1Analysis of objective 1

The first step involved the creation of theprivation index
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The second step involved descriptive analyses terméne whether there was variation
in non-uptake by public health unit and by progreoit-out year. Chi-square tests of
association were performed to determine whetherumake varied across Ontario for
each program year. Chi-square tests for trend perermed to determine whether there

was a trend in the likelihood of refusal over thgedrs for each health unit.

Univariate analyses were then undertaken to exglkeg/ness and data distributions, and

the median was used to create categories for acanigrand skewed variables.

Next, bivariate regressions between each exposuiaterest and the outcome were
performed using a liberal significance level of,Gahd finally, a multivariate model was
constructed to determine adjusted OR and 95% Qi.exension of the quasi-likelihood
approach was used to analyze data that was cededaid binary. Given the relatedness
of observations within the same cluster (healtht)ucprrelated data analysis based on
generalized estimating equations (GEByas used. A population average model was
constructed to determine changes in the non-uptbkiee HPV vaccine across clusters,
given changes in ecologic-level covariates. Theetations between cluster data points

were assumed to be equal, therefore an exchangeabédation structure was specified.

Backward selection with a logit link was performed the full model containing

ecologic-level exposures of interest. The variatith the largest non-significant p-value

57



was removed in successive iterations. A libeghisicance threshold of 0.1 was used for

variable retention.

Confounding was assessed for variables that wespped from the full model. A
differences of 10% or more between the crude apdstatl parameter estimates, as well

as statistical significance in bivariate regressimuicated confounding.

3.13.2Analysis of objective 2

First, descriptive analyses were performed on aflables. Continuous variables that
were skewed in univariate analyses were dichotainaexording to the median value.
To assess for multi-collinearity between individuaind ecologic-level variables, a

correlation matrix was constructed.

Next, a bivariate regression model with a libergngicance threshold of 0.1 was

constructed for each individual- and ecologic-lexegliable.

Individual- and ecologic-level variables were eatkin the final model and backward

selection with a 0.1 alpha level was used. Theabe with the largest non-significant p-

value was removed in successive iterations, aed éssessed as a potential confounder.
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Chapter 4
Do regional social and material characteristics intience HPV vaccine

decision-making? The Ontario Grade 8 HPV Vaccine Caort Study

4.1 Preface

This chapter describes the factors associated matiiuptake of the quadrivalent HPV
vaccine provided to Grade 8 girls in Ontario. Gapdic and time trends in non-uptake
are explored as well as the influence of contex(hahlth unit) characteristics on HPV

vaccine refusal levels from 2007-08 to 2010-11.

The context has an important influence on vaccieeision-making, however the
material and social characteristics of the contexte not been explored in HPV vaccine
research. To provide insight into the health whgracteristics associated with non-

uptake in Ontario, a determinants analysis was ntiakien.

This study is based on the first four years of l#/ vaccination program and uses data

from immunization databases and the 2006 Canadass.
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4.2 Do regional social and material characteristics intience HPV vaccination

decision-making? The Ontario Grade 8 HPV Vaccine Coort Study

ABSTRACT

Background

In 2007, the Canadian federal budget provided $3fllon over three years to the

provinces and territories to implement publicly-fi@ad HPV immunization programs.

Current estimates indicate that HPV vaccine uptakies significantly across Canada
and is reported to be lowest in Ontario at 53%e ®hjective of this study is to identify
the ecologic (health unit)-level factors that isfhced the uptake of the HPV vaccine
among Grade 8 girls in Ontario for the HPV immutiaa program roll-out between

2007-08 and 2010-11.

Methods

This study linked administrative health and immatian databases to identify a
retrospective cohort of 144,047 girls eligible fontario’'s Grade 8 school-based HPV
immunization program between 2007-08 and 2010-1th this study a girl was
considered vaccinated if she received at leastsk @b the vaccine, otherwise she was
considered unvaccinated. Ecologic or health wvel factors that may have influenced
HPV vaccine decision-making were derived from th8& Canadian Census. Given that
individual health outcomes are influenced by theialocontext, a population-average
model based on generalized estimating equation&)@M&s used to elucidate changes in

the levels of refusal of the HPV vaccine given ademin ecologic-level covariates.
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Results

In all, 49.3% of girls refused HPV immunization Wweten 2007-08 and 2010-11. The
prevalence of non-uptake was highest in the firstgram roll-out school year and
declined thereafter for the majority of health anit Ontario. The lowest and highest
prevalence estimates during the study period w&r@286 and 60.30%, respectively. A
weak association was observed between high healtHavels of material deprivation
and non-uptake of the HPV vaccine (OR=0.86, 95%0@3, 0.89).

Interpretations

Our results indicate that non-receipt of the HP\¢ouae in Ontario is well below the
national target. Furthermore, the influence of toatext on HPV vaccine decision-
making is weak, which is not surprising given theblicly-funded nature of the
provincial program. To provide detailed insightoirthe possible association between
context and non-uptake, the analysis should beategeusing smaller ecologic units,
such as cities or neighbourhoods that better reptethe community or area within

which eligible girls live.
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INTRODUCTION

World Health Organization estimates indicate th@8,243 women worldwide acquire
cervical cancer each year and 273,505 die fromdibsase. Cervical cancer is the second
most common cancer among Canadian women, parfigtirerse between the ages of 20
and 44 years and infection with sexually transrditteman papillomavirus (HPV) is a
necessary cause for the development of this maiiyta® Infection with low-risk HPV
types 6 and 11 is associated with the developmegewital warts, whereas persistent
infection with high-risk types 16 and 18 is thenpairy cause of cervical cancét. An
effective way to protect against infection with HPAhd its sequelae is through
immunization. The quadrivalent HPV vaccine (Garid&shas been approved for use in
females and males ages 9 to 26 years, and offetsgtion against HPV types 16, 18, 6,
and 11. The bivalent (Cervarix®) vaccine is appobvyor use in females between the

ages of 10 and 25 years and protects against Hfas 46 and 18°

In 2007, the Ontario Ministry of Health and LongrireCare (MOHLTC) received $117
million from the federal budget to fund a schoos&d HPV immunization program over
three years; however estimates indicate that vaagatake is lowest in Ontario at 53%.
Some of the factors that were reported as coninub this low uptake included staff
shortage and health unit resource strain duringinfii@l roll-out phases, as well as
logistical issues in delivering the HPV vaccine sthools across the provint®. In
addition, school boards faced important challengesing the development and

implementation of an efficient strategy for thesion of the HPV vaccine school-wide,
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including communication gaps and delayed dissemoinaif HPV promotional materials
from Ministry officials to school authorities. Albugh these factors affected only the
first year of the program, uptake has remainedilo®ntario!* as well as in Manitoba,
Alberta, British Columbia, and the Northwest Temi¢s?. This underscores the need for

further research on the determinants of HPV vacgpteke.

Studies published to date have identified a nunabendividual-level determinants of

HPV vaccine uptake including family income, edusatiBlack race, perceived risk for
HPV-related disease, and caregiver perceived kIsnefind harms of HPV

immunization***®  However, few of these studies were conductethé context of

publicly-funded, school-based vaccination prograamg] none examined this issue from
a contextual perspective. Yet, several studies rdemonstrated the importance of
considering contextual factors (i.e., physical,iglgcand economic) when elucidating
health behaviour patterns. For example, studiethefdeterminants of HIN1 vaccine
uptake during the 2009 pandemic showed that rebiso@o-economic status, health
service availability, and community policy (e.grogram financing requirements) were
significant determinants of vaccine uptaké® A recent study conducted in the
Netherlands suggested that deprived areas with hiégjional percentages of anti-
vaccination groups reported lower coverage of HRWhunization in adolescent gir8.

These findings demonstrate that the region a gid &er caregivers reside in can
influence the decision to vaccinate; however, tbetext has rarely been considered in

studies of the determinants of HPV vaccine uptake.
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Given the potential importance of contextual fasteuch as the social and economic
environment, and the negative public health and-effsctiveness implications of low
uptake of HPV immunization, it is important to eagd the role of the context in the
acceptance of this vaccine. This will provide &ethsight into the reasons for refusal of
free, publicly-funded immunization aimed at cangeevention. To this end, we
conducted a population-based, retrospective cadtadty of girls eligible for Ontario’s
Grade 8 HPV vaccination program to describe thelewf non-uptake of the HPV
vaccine by health regions (i.e., health units). &l explored the association between
the social and economic characteristics of thethaalit within which each girl and her

parents or guardians resided and non-uptake dfifnévaccine.

METHODS
This study was approved by the Research Ethics d8oaf Queen’s University and

Sunnybrook Health Sciences Centre.

Ontario’s HPV vaccination program

Ontario’s HPV immunization program was initiated September 2007 and offers free
vaccination with the quadrivalent HPV (qHPV) vaeifGardasi) to all Grade 8 girls
on a voluntary basis. Eligible girls may compldteit vaccine series in Grade 9 provided
they received at least one dose in Grad® 8pproximately 84,000 girls are eligible for

the program each year. Public health nurses adtairthe three-dose series at 0, 2, and
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6 months at school clinics. Eligible girls may algzeive the vaccine free of charge at
their public health units or in the physician’sio#f, however the vast majority of them
are immunized at school. Parental consent is gépeequired for the administration of
this vaccine. All doses administered are docuntkente the Immunization Record

Information System (IRIS) database, irrespectiveheflocation of vaccinatioff.

Study design and population

A population-based, retrospective cohort eligibler fOntario's Grade 8, HPV
immunization program between 2007-8 and 2010-11 idestified using Ontario’s
Registered Persons Database (RPDB) and the ImntiemzZ&ecord Information System
(IRIS) databases maintained by province’s healtitsurAs a girl's grade was not
available in the databases, birth cohorts were wgadentify the eligible population.
Individuals entering Grade 8 typically turn thimeby December 3iof their Grade 8
year. As such, girls born in 1994, 1995, 1996 a@@7lwould have been in Grade 8 in
September 2007, 2008, 2009, and 2010 respectiay, hence, eligible for the
corresponding year’s vaccination program. Althotigh approach could miss those who
skipped or failed a grade, a re-abstraction stuflyaomedium-sized health unit
demonstrated that the birth cohort definition coilseidentified 96.4% of eligible girl&°
Individuals whose immunization records were notilabée at the time of the analysis
(i.e., data not yet transferred from their healttit fior record linkage) were excluded.
Cohort members were followed from Septemb&pfltheir Grade 8 year until their date

of death or March 31, 2011 (study end).
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Data sources and record linkage
This study used information from: (i) Ontario’s Fsgred Persons’ Database (RPDB),
(i) the Immunization Record Information System I@R and (iii) the 2006 Canadian

Census.

The RPDB, described in detail elsewlférés generated by Ontario’s universal health
insurance programs and are accessible through nstute for Clinical Evaluative
Sciences (ICESY This database has been used extensively for hesdrarch, and it
provides individual-level information on socio-degnaphics and health insurance
coverage for the province’s residents. To preseordidentiality and anonymity, each
person is represented by a unique encrypted identiiat permits complete record

linkage across databases and across time.

The IRIS database was developed by the Ontariosuljnof Health and Long-Term Care
(MOHLTC) to assist the province’'s 36 health units fracking and recording
immunizations of school-aged children mandated onile Immunization of School
Pupils Act (1982F° The IRIS database of each health unit has expatmeapture
detailed data elements on optional immunizationshss vaccine name, lot number and
vaccination date. When a student transfers tdhaacdn a different health unit, the legal
guardians are required to provide the child’s imiation records to the local health
unit. As such, records in IRIS are considered detepand up-to-date for students who

move into the area. The IRIS database has beemsiooaccurately capture information
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on HPV immunization with a sensitivity of 99.8% P@5CI: 99.3 - 99.9) and specificity

of 97.7% (95% Cl: 96.3 - 98.7).

A copy of the IRIS database of each health unit treassferred to ICES under individual
Data Sharing Agreements to create a provincial imeation database that can be record
linked to the province’s administrative health datses. We added the name of the health
unit to each entry in IRIS prior to the data tramgb assist us with identifying the health

unit where each person had been vaccinated.

For information on population characteristics, veedidata from the Canadian Census, a
mandatory self-reported survey conducted everyabsyRy Statistics Canada to provide a
statistical portrait of the Canadian populationheTCensus captures socio-demographic
information for different levels of geography (e.gCensus tract, sub-division,
dissemination area, postal code) and is used tule# population estimates and plan
health care services. The Census enumerategiaéing, landed immigrants, and non-
permanent resident§? The postal codes available through the Censublemhais to

identify the health units to which eligible girlelbnged.
HPV vaccination status

In this study, a cohort member’'s HPV vaccinatiatist was the outcome of interest and

was determined through record linkage between RBRBIRIS. A girl was classified as
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‘vaccinated’ if she received at least 1 of the Bommended doses of the HPV vaccine

during follow-up, otherwise she was considered agoinated'.

Characteristics of the health units

The contextual level of interest for this study vilas health unit within which a cohort
member resided at the time of their first dose lef HPV vaccine. We explored the
economic and social characteristics of health unitelation to non-uptake of the HPV

vaccine using information extracted from the 20@®&lian Census (Appendix B).

For each health unit characteristic of interest,olvined the percentage of residents in
that health unit with the characteristic of intéresthe average value for each region’s
residents; these factors were initially continuousFor example, some social

characteristics that were considered included dregmtage of single-parent families, the
percentage of residents who are separated, divanceddowed, and the percentage of
persons 15 years and older living alone. Some mhteharacteristics that were

considered included the percentage of residentgedfs and older with no high school

diploma (i.e., low level of education), the averageome before tax of people aged 15
years and older, and the employment/population i&tipeople aged 15 years and older.
We used information from the 2006 Canadian Censgause this represented the most
recent census information available at the timewfanalysis, as well as a time period

prior to cohort entry (i.e., preceding the decisiorvaccinate). In addition, we included
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contextual factors such as percentage of visibleonities and Aboriginal populations,

since these may be important predictors of HPV wm&coon-uptake.

A deprivation indexvas created for our contextual level (i.e., healtf) using principal

component analysis (see statistical analysis se@ctamd it was derived in a similar way
as the original Pampalon index of deprivatiof’ The primary advantage of such an
index for our study was the ability to assess thfeuénce of a number of important
contextual factors with one variable (i.e., datarsp technique) given the limited

number of health units contributing to the analys#©

STATISTICAL ANALYSIS

Descriptive analysis

To describe the patterns of HPV vaccine non-uptakederived the percentage of girls
who refused HPV immunization for the first four gram years between 2007-08 and
2010-11. Non-uptake was then stratified by heatih and by program year, and chi-
square tests were used to determine whether vaiceingfusal varied significantly by

geography and over time.

Creation of the deprivation index
The original two-component structure of the Pampadieprivation index includes a
dimension capturing social deprivation (the stafebeing a single parent, being

single/divorced, and living alone) and one reflegtimaterial deprivation (education,
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income, employment). Each dimension is composedtho€e indicators (i.e.,
characteristics of the health units in our studgattwe analyzed using principal
component analysis. A summary measure based osixheharacteristics was created;
PCA is the preferred approach for developing sndexes®? In contrast to the original
index*®?° we were not able to derive two separate compsrienindependently capture
material and social deprivation. In our analysas& 6f the six Pampalon indicators were
highly correlated and loaded onto one factor (ApiperB); these included average
income, education status, employment/populatioio,ratngle/divorced/separated status,
and living alone. These contextual factors wetesequently used to construct a single
component to describe the health units. Based eraittor loadings of each of the five
indicators included in our deprivation index, argeceas created for each health unit, and
then categorized into quartiles from least to hsghéeprivation. The percentage of
single-parent families, the factor that in the oréd) Pampalon index loaded as a social
factor, loaded alone onto the second factor inamalysis. Hence, it was considered as an

independent factor.

The distribution of the health unit characteristicst included in the deprivation index
(i.e., Aboriginal status, visible minority statusingle parents) were examined for
skewness, and the median was subsequently usedaie dichotomous cut-points (i.e.,

above or below the median value).
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Bivariate and multivariate analyses

To assess whether the characteristics of the heaithvithin which a girl and her parents
or guardians reside might have influenced the dmti® refuse the HPV vaccine, the
value of the corresponding health unit’s charastieriwas attributed to the girl (the unit
of analysis). To estimate the population-averagldces of these health unit-level
characteristics on HPV vaccine non-uptake (unvatethvs. vaccinated), while
accounting for the correlation introduced by thestéring within health units, we used
generalized estimating equations (GEE) with a Iigk and an exchangeable correlation
structure. First, each health unit characteristas wonsidered separately and modeled
against the outcome in bivariate models. Nextp@etation matrix with the variables
that comprised the index was built and collineanBs assessed. Finally, a multivariate
model was constructed containing the quartileshef deprivation index and the three
independent characteristics not contained in tdexnIn the final analysis, a backward
approach was used to select variables and ideintigpendent determinants of vaccine
non-uptake using an a priori selected significatito@shold of 0.1. Model fit was

assessed using the QIC goodness of fit statistiGEE proposed by Paf.

RESULTS

Based on birth year, we identified 144,047 qirlggible for Ontario’s free HPV
vaccination program between 2007-08 and 2010-11sevhimmunization records were
available at the time of the analysis. At cohortrgngirls were between 12.7 and 13.7

years of age (mean 13.2 years). Overall, 49.3%/{j048) of girls refused HPV
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immunization between 2007-08 and 2010-11. During time period, non-uptake varied
from a low of 41.8% (95% CI: 40.2%-43.5%) to a high60.3% (95% CI: 59.4%-
61.2%) (Figure 4.1). In 8 out of 21 health unager half of the girls did not receive the

HPV vaccine.
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Figure 4-1 Overall prevalence of HPV vaccine non-upke across participating
Health Units during the first four years of the vacination program
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Overall, there was a statistically significant difnce in non-uptake across health units
for each of the first four years of the HPV vactioa program (Table 4-1).
Furthermore, non-uptake varied significantly acnasgyram years for 13 out of 21 health
units. The largest absolute difference in nonkeptaetween the first and fourth program
year was 16.4% for Health Unit #16 - a decline frbM4% to 39.0%, indicating that
significantly more girls were vaccinated over timeThe majority of health units
experienced a downward trend in non-uptake ovee,twith vaccination refusal being

highest in the first year of the program for 16 oti21 health units.
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Table 4-1 Patterns of HPV vaccine non-uptake accomdg to participating Health
Units and program year

Non-uptake | Non-uptake | Non-uptake | Non-uptake
Health Unit (%) (%) (%) (%) P-value'
2007/08 2008/09 2009/10 2010/11

1 60.4 57.1 61.3 62.5 0.0076
2 54.6 59.4 62.2 59.5 <0.0001
3 58.1 50.8 56.7 58.1 0.4700
4 57.9 51.2 57.2 53.3 0.3606
5 58.9 51.9 54.7 53.7 0.2199
6 51.2 56.7 NA NA 0.0153

7 52.5 52.1 53.0 55.9 0.2683
8 54.7 55.7 47.2 51.4 0.0042
9 55.1 48.0 51.7 43.8 0.0021
10 56.3 41.9 47.2 515 0.0784
11 53.9 45.7 48.5 47.8 0.0010
12 50.2 47.3 50.1 44.2 0.0842
13 54.6 42.6 44.7 49.0 <0.0001
14 51.9 43.8 41.3 49.6 0.1526
15 46.1 45.5 46.2 48.8 0.1863
16 55.4 42.5 46.3 39.0 0.0009
17 49.0 46.1 44.0 42.1 0.0048
18 48.0 39.8 45.1 38.4 0.0015
19 44.2 38.7 42.0 46.1 0.2105
20 47.4 40.1 41.1 38.6 <0.0001
21 48.6 40.5 38.8 38.6 <0.0001
P-valuef <0.0001 <0.0001 <0.0001 <0.0001

" From chi-square trend test for the association eetwnon-uptake and program year for each health uni
* From chi-square trend test for the association detwnon-uptake and heath unit for each program year

A higher percentage of residents in a health uitee identifying as Aboriginal, or

having no high school diploma/certificate/degremn(llevel of education), or reporting

living alone was associated with a statisticalyn#icantly higher odds of non-uptake in
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comparison with lower percentages of each of theséth unit characteristics (OR=1.06;
95% CI 1.04-1.09, OR=1.09; 95% CI 1.07-1.12, OR719%% CI 1.07-1.11,
respectively) (Figure 4-2). However, these assmriatwere weak. Further, the absolute
difference in the prevalence of non-uptake below above the median value for each
factor was small (1.6% for Aboriginal people; 0.986 single parents; 2.6% for people of
visible minority status). The difference betweéw ffirst and fourth quartile of the
deprivation index was 3.4%. In contrast, a lowercpntage of residents identifying as
being a member of a visible minority group or beimghe highest quartile of deprivation
was associated with a significantly lower odds ofituptake (OR= 0.90; 95% CI 0.88-
0.92) and OR=0.87; 95% CI 0.84-0.91, respectivelealth unit average income above
the Ontario median did not influence the decisiongfuse HPV vaccination (OR=1.0;

95% CI 0.98-1.02).
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Figure 4-2 Prevalence of HPV vaccine non-uptake aomding to contextual
characteristics of participating health units

100
90 -
80 -

OR=0.98
OR=0.90 OR=1.06 OR=1.00° [0.95-1.01]*
[0.88-0.922  [104-100° oo OR=1.08 OR=0.95 OR=0.97

OR=1.1
OR=1.00 o 7 o )
1.07-1.12) 1.07-1.11 1.06,1.10]  [0.93,0.97] y [0.84
L ! [0.98-1.02]5 L ! [ 1 [0.94-0.99]*° 0.

OR=1.06
60 - [wosvoos

50 | — p— | R
40 -
30 |

20 A

HPV vaccine non-uptake (%)

Health unit characteristics

1. Aboriginals high: above the median value of 3¥the percentage of residents identifying as
Aboriginal.

2. Single parents high: above the median valué&6 for the percentage of residents living in single
parent families.

3. Visible minorities high: above the median vatfid 3% for the percentage of residents identifyasg
visible minorities.

4. Education high: above the median value of 21f4He percentage of residents identifying as hawnimg
high school degree, certificate, or diploma.

5. Income high: above the median value of $36,937.

6. Living alone high: above the median value of @¥ihe percentage of residents identifying aslivi
alone.

7. Employment high: above the median value of 66f@&the percentage of residents in the laboureforc
8. Single status high: above the median value &6 i@ the percentage of residents who are single,
divorced, or widowed.

9. Q1: quartile 1 of the area deprivation index.

10. Q2: quartile 2 of the area deprivation index.

11. Q3: quartile 3 of the area deprivation index.

12. Q4: quartile 4 of the area deprivation indagtflest level of deprivation).
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When a multivariate model was constructed usingqtiertiles of the deprivation index
and the three independent characteristics not m@uain the index, a strong dose-
response trend was evident for the odds ratiobeirtdex quartiles. The adjusted odds
ratios were unexpectedly high, thus further desigep analyses and collinearity
assessments were undertaken.  Cross-tabulationsedset Aboriginal status and
deprivation index quartiles indicated the presesfoeells with frequency counts equal to

zero. Similar findings were observed for visiblanarity status and single parents.

To assess for multi-collinearity, Spearman’s ranikrelation and simple logistic

procedures were performed whereby covariates wegeessed against one another.
Backward and forward selection procedures were atsiertaken to determine the effect
of eliminating or adding a variable on covariaté®ady present in the model. The
elimination of Aboriginal status and single paregtgatly reduced the adjusted odds
ratios, indicating that the initial model may habeen over-adjusted and multi-
collinearity potentially present. Therefore, a rabdith the deprivation index and single
parents was built, followed by a model includingilbie minorities, Aboriginal status,

and single parents, but excluding the area depmivandex. Both models showed

greater stability than in the initial regressionemhthe index quartiles and the three

independent variables were included.

Table 4-2 shows the results for the first multiggegi model that included single parents

and the area deprivation index. The odds of refusihe HPV vaccine was 5% lower
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when the percentage of single-parent families wgken than the median value of 15%
(OR=0.95; 95% CI 0.93, 0.97). Lower levels of miailedeprivation did not appear to be
statistically significantly associated with non-alg for quartiles two and three; however,
the highest quartile reflecting the highest levebhoea deprivation was associated with
14% lower odds of non-uptake (OR=0.86; 95% CI 0(839).

Table 4-2 Crude and adjusted odds ratios of non-upke of the HPV vaccine for the

social and material characteristics (including thearea deprivation index) of health
units in Ontario

o Non-uptake | Crude OR Adjusted’ OR
Characteristic (%) (95% CI) (95% CI)
Percentage of single-parent
families

Low (reference) 49.6 1.00 1.00

High* 48.7 0.97 (0.95, 0.99) | 0.95 (0.93, 0.97)
Deprivation index

Quartile 1- low (reference) | 49.8 1.00 1.00

Quartile 2 48.9 0.96 (0.94, 0.99) | 0.97 (0.94, 1.00)

Quartile 3 49.2 0.98 (0.95, 1.01) | 0.98 (0.95, 1.01)

Quartile 4- high deprivation | 46.4 0.87 (0.84, 0.91) | 0.86 (0.83, 0.89)

" Adjusted for all other factors listed in the table
* Above the median value of 15% for the percentaligeesidents living in single-parent families.

Table 4-3 shows the results for the second mulatamodel that included Aboriginal
people, single parents, and visible minoritiesgiHpercentage of Aboriginal people and
high percentage of single parents did not appeanfiicence non-uptake (OR=1.03; 95%
Cl1 1.00, 1.06, and OR=0.98; 95% CI 0.95, 1.00, eespely), however the odds of non-
uptake was 8% lower when the percentage of visileorities was higher than the

median value of 13% (OR=0.92; 95% CI 0.90, 0.94).
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Table 4-3 Crude and adjusted odds ratios of non-upke of the HPV vaccine for the
social and material characteristics (excluding therea deprivation index) of health
units in Ontario

o Non-uptake | Crude OR Adjusted’ OR
Characteristic (%) (95% ClI) (95% ClI)
Percentage of Aboriginals

Low (reference) 48.7 1.00 1.00

High' 50.3 1.06 (1.04, 1.09) | 1.03 (1.00, 1.06)
Percentage of single-parent
families

Low (reference) 49.6 1.00 1.00

High* 48.7 0.97 (0.95, 0.99) | 0.98 (0.95, 1.00)
Percentage of visible minorities

Low (reference) 50.6 1.00 1.00

HigH 48.0 0.90 (0.88, 0.92) | 0.92 (0.90, 0.94)

" Adjusted for all other factors listed in the table

* Above the median value of 3% for the percentdgesidents identifying as Aboriginals.

* Above the median value of 15% for the percentafgesidents living in single-parent families.
' Above the median value of 13% for the percentsfgesidents identifying as visible minorities.

DISCUSSION

Our study found that between 2007-08 and 2010-213% of the girls did not initiate
HPV vaccination during this period, with fewer ginlefusing immunization over time.
The prevalence of non-uptake varied significantigrothe four program years for the
majority of health units, with the highest vaccioatrefusal levels reported during the
first year. By 2010-11, most health units docuradnhon-initiation levels between
41.82% (95% CI 40.19, 43.46) and 60.30% (95% C4%5961.15), but not one was able
to reach immunization refusal of 20% and all ointhexceeded this target. This suggests
that the national target of 20% refusal (or sinylaB0% initiation) is very difficult to
reach. Health unit characteristics did not exestang influence on HPV vaccine
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decision-making with the exception of area depiorat Although certain health unit

factors were statistically significantly associateith vaccination refusal in the adjusted
models, the absolute difference in the prevalerfcaon-uptake above and below the
median value was small for all variables (ex. i@ad.2, the difference for single parents
was 0.9%). Although the second and third quarblethe area deprivation index did not
appear to be associated with vaccination statesfdrth quartile reflecting high area

deprivation was statistically significantly assaethwith vaccine acceptability.

Several factors have been put forth to explainotherall low acceptance in Canada. The
introduction of HPV immunization generated consatde debate, with many parents
guestioning the harms and benefits of this init@tias well as the role of special interest
groups in vaccine marketing. Widespread publicatielvegarding the effectiveness of
vaccination and its efficacy in preventing HPV-teth cancers likely led to decreased
support by health care practitioners and increasitic skepticism. In the U.S., concern
about government interference with parental autgn@merged when manufacturers
began lobbying for HPV vaccination as a requiremént school attendance.

Consequences of these promotional efforts persistedeveral years in the U.S. and
likely influenced parents in Canada making vaceamatecisions for their school-aged
children. Safety concerns and misunderstandingtaibe optimal timing of vaccination

may have further contributed to the overall laclsgbport.
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Studies on this issue focused predominantly onopaischaracteristics related to non-
initiation, and often neglected the influence tbamnmunity factors may have on vaccine
acceptance. A qualitative survey of Ontario healtiit managers conducted in 2009
suggested that during the first year of the prograealth units experienced resistance
from school and local public health authoritiesidgrthe initial implementation, as well
as staff shortage, and considerable public hea@#ource strain. Despite increased
promotion and public awareness regarding HPV, @amerincreased only modestly
during the subsequent years. Therefore, otherplaiered factors were driving the low
immunization levels, however no systematic studiethe determinants contributing to

the low uptake in Canada had been undertaken.

Our study contributes to a growing body of reseamh determinants of HPV
immunization, and fills a gap in the literature redictors of HPV vaccination specific
to the Canadian context. In contrast to Ameridadiss, we observed limited contextual
influence on non-uptake, which may be attributedh® publicly-funded nature of the
program in Canada. Despite this, our findings sktbthat high material deprivation was
weakly associated with lower prevalence of refudahe HPV vaccine. A B.C. study
reported that parents with a higher level of edoocatvere more informed about HPV
immunization benefits and harms, but were ultimalets likely to accept the vaccine for
their daughter$? If material deprivation is considered a proxy $ocio-economic status
and overall awareness or knowledge, then our seautt somewhat consistent with those

reported by the B.C. study authors. Given thatenmwt deprivation at the health unit
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level does not translate into SES associationbairdividual level, caution should be
used when interpreting findings. The contextuahrabteristics were intended as a
substitute for measures of individuals, howevergb@&ogic units in this study were large
geographical areas, and misclassification may hassulted when health unit

characteristics were attributed to individuals. €asure that a high degree of
homogeneity in the social and material conditionsitributed to each person, future
studies should use smaller spatial units that stesent the proximal community or

area within eligible girls reside (ex. city or nieigpurhood).

Of interest, the odds of non-uptake was only 3%h&igor areas with a high regional
percentage of Aboriginal people (the prevalencenaf-uptake for areas with a high
regional percentage of Aboriginal people was simitaareas with low proportions of

Indigenous groups). This is surprising given rss@ilom published literature on this
issue. Previous studies have shown that cultm@lagcess barriets™ contribute to the

low uptake of Pap screening and high rates of HRféction and mortality in this

population. Focus group surveys have suggestedmnimaunization designed to protect
against STl-related diseases may be associatedstgma in these groups, and that
Aboriginal women may feel uncomfortable discusssexual issues with health care
workers who are not Indigenous, potentially makpngphylactic intervention a potential

challenge in this populatioii:*
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Published literature has consistently shown thatftbquency of health service utilization
is low among individuals of Indigenous origin anéyrbe caused by access barriers.
Aboriginal people in Canada are significantly mbkely to live at least 400km from a
hospital compared to non-Aboriginal people, anddtds of visiting a physician in the
past year is half as likely (OR=0.47, 95% CI. 0B64) if an individual lives 400+ Km
from a hospital compared to someone who lives wiid Km of a hospitaf® If a dose
of HPV immunization is missed during scheduled sthsits, there may be challenges
associated with obtaining the required doses. &elBeon HPV immunization among
Aboriginal females is scarce and often based orll sjuantitative studies or qualitative
focus group findings that are often not generalzatob the general Indigenous
population. Further epidemiological research igdeel on this issue, and smaller
ecologic units should be used to avoid the possibigclassification caused by the

attribution of health unit characteristics to indivals.

The majority of the studies on HPV vaccination eoaducted in the U.S. where lower
vaccination coverage has consistently been repddedvulnerable population sub-
groups, such as Hispanic and Black women. Afridamericans are less likely to have
documented immunization than non-Hispanic white wojrand in 2010, only a third of
Black women initiated the three-dose regimerin the U.S., access barriers are common
among disadvantaged groups; thus, it is inapprpt@ extrapolate the findings to the
Canadian context where universal health care isladba for all citizens and public

health infrastructure is well established.
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In contrast to American studies, our findings showeat areas with a higher percentage
of visible minorities appeared to be less likelyefuse HPV immunization (although the
absolute difference in non-uptake between areds higth and low percentages of visible
minorities was small). Again, findings from theSJcannot be compared to results from
our study since the determinants reported in Araariesearch are often tied to financial
and organizational barriers, and are largely aasedi with a difficult-to-navigate,
fragmented health care system. Since visible nitiesrin Canada have the same access
to the HPV vaccine as the general population, fiossurprising that coverage levels are

mostly unaffected by the population composition atithic distribution.

Our study has strengths but also several limitatiohlthough similar deprivation indices
as ours have been used in other Canadian etiolamiedyses, aggregate data cannot be
used to infer associations at the level of thevindial. The supplementary analysis of
personal characteristics related to deprivation ld/diave added a second dimension to
our study, however we did not have access to satd druture studies should assess the

effect of context using smaller geographical areas.

Selection bias was minimized with the use of pojotabased administrative health
databases, however important determinants werecayoiured by these sources. For
example, the perceptions and beliefs of Vaccinediable Disease (VPD) managers

that coordinated and implemented the HPV vaccingtimgram during the study period
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would have provided a better understanding of dasaons for the low coverage over the
years. Future research should employ a qualitatdsegn to elucidate the challenges and
barriers experienced by health units when implemgnthe program, as well as best

practices in achieving higher coverage.

CONCLUSION

Our study shows that HPV vaccine non-initiationelswaried significantly across health
units over the four years of the program roll-otitiis study provided important insights
into community factors related to the high refuslHPV immunization in Ontario.
Results show that the context appears to have & inéaence on non-uptake, however

analyses should be repeated using smaller spasialutions.
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Chapter 5
Individual and contextual determinants of non-uptale of the HPV

vaccine; the Ontario Grade 8 HPV Vaccine Cohort Study

5.1 Preface

This chapter describes the determinants assocmtbchon-uptake of the HPV vaccine
in Ontario between 2007-08 and 2010-11. It focusedactors that influenced non-

uptake at two levels: the individual and the conferalth unit).

Published literature has predominantly focused ersgnal characteristics associated
with the initiation of the three-dose regimen, das$ neglected to assess the potentially
important influence of the context. The previousamter showed that regional
deprivation may be a determinant of non-uptakethis study, individual-level variables
will be examined while considering the influencehafalth unit characteristics on HPV

vaccine decision-making.

This study is based on the first four years of R/ vaccination program and uses data

from administrative health and immunization dataisas
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5.2Individual and contextual determinants of non-uptale of the HPV vaccine; the

Ontario Grade 8 HPV Vaccine Cohort Study

ABSTRACT

Background

In 2007, the Ontario Ministry of Health and Longritecare received 113 million dollars
from the federal budget to implement a publiclydad HPV immunization program;
however, HPV vaccine coverage in Ontario continwesemain well below the national
target.  Studies of the factors influencing vacciaeceptability have focused
predominantly on personal characteristics in thetexd of privately-funded health care
systems where access barriers are common. Nelssghehere is evidence to suggest
that characteristics of the community within whigldividuals reside can have an
important influence on personal decision-makingwéwer this has been overlooked in

HPV immunization studies.

Objectives
This study identified individual-level factors thaifluenced HPV vaccine non-uptake
among Grade 8 girls in Ontario while also consiugrihe effects of health unit-level

characteristics.

Methods
The study linked administrative health and immutiiza databases to identify a
retrospective cohort of 144,047 girls eligible fOntario’s Grade 8 publicly funded,

school-based HPV immunization program between 2@@d 2011. The socio-
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demographic characteristics, vaccination histoheslth services utilization and medical
histories of cohort members were ascertained uanhginistrative health databases,
while the social and economic characteristics @hdaealth unit were derived from the
2006 Canadian Census. Girls were classified asinated if they received at least 1
dose of the HPV vaccine, otherwise they were diaslsas unvaccinated. Generalized
estimating equations (GEE) with a logit link wersed to estimate the population-
average effects of individual-level and health dewmel characteristics on vaccine non-
uptake.

Results

Between 2007 and 2011, approximately half (49.3%jhe eligible girls in Ontario
refused HPV immunization. Non-uptake was stroraggociated with a history of autism
(OR=1.60; 95% CI 1.34, 1.90) or Down’s syndrome €QR7; 95% CI 1.16, 1.63),
refusal of mandatory or optional vaccines (OR=225% CI| 2.07, 2.40, and OR=3.96;
95% CI 3.87, 4.05, respectively), and fewer phgsicvisits (OR=1.45; 95% CI 1.35,
1.55). Although regional deprivation did not appé¢a influence vaccine decision-
making, health units with the highest level of oegil deprivation were associated with
lower odds of vaccination refusal compared to muaieileged health units (OR=0.82;
95% CI0.79, 0.86).

Interpretations

Our study provides new insights into opportunitiesmprove the uptake of the HPV
vaccine that have not yet been considered in puevgtudies. These include, targeted

education and awareness programs for caregiveelalescents with intellectual and
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developmental disabilities, and offering the vaecthrough publicly-funded, school-

based clinics.
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INTRODUCTION

The quadrivalent HPV (qHPV) vaccine, designed ttqut against HPV types 6,11, 16,
and 18, was approved for use in Canada in July . 2008007, the Canadian government
allocated $300 million to the provinces and teriés, on a per capita basis, to fund the
first three years of a national, school-based, HRi¢cination program?® Despite
widespread promotion of the vaccine, half of thevprces and territories have not been
able to achieve the targeted coverage of 80%, @miario documenting one of the

lowest levels of acceptance at 53%.

The reasons for the low acceptance of the HPV wacoffered through a publicly-
funded school-based program that essentially resmmdueancial and organizational
barriers are largely unknowiif. It has been suggested that the short turnaroiomel t
between the funding announcement and the scheduf@ddmentation of Ontario’'s HPV
immunization program, combined with resistance frioeal school boards in offering
STI immunization to young children, contributed,ledst in part, to the low acceptance
of the HPV vacciné. However, coverage has remained low through its¢ four years
of the programi,and only one of 72 school boards refused to ppati€’. A recent study
conducted in a small region of Ontario reported thadical history, vaccination history,
and frequency of health services utilization appédo have an important influence on
HPV vaccine acceptability. However, the study’s sample size was too smatiraw

conclusions with certainty.
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Decision-making with respect to health behaviowas been shown to be influenced by a
myriad of factors at the individual level and tdesser extent, at the community or
regional leveP™ Published studies of the determinants of HPV iecacceptance have

predominantly focused on individual-level charasté&zs and have disregarded the
potentially important influence that an individusalenvironment can have on health

behaviours, including HPV vaccination.

We undertook a population-based, retrospective rtatody of grade 8 girls eligible for
Ontario’s HPV vaccination program to identify thedividual-level determinants of
refusal of the HPV vaccine, while accounting foz #ocial and material characteristics of

the health units within which these girls reside.

METHODS
This study was approved by the Research Ethics dBBoarQueen’s University and

Sunnybrook Health Sciences Centre.

Ontario’s HPV vaccination program

Ontario’s HPV immunization program was initiated September 2007 and offers free
vaccination with the quadrivalent HPV (qHPV) vaeifGardasi) to all Grade 8 girls
on a voluntary basis, and parental consent is gépaequired.(need a reference here
from the MOHLTC website) Public health nurses adster the three-dose series at 0, 2,

and 6 months at school clinics. Eligible girls meymplete the series in Grade 9
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provided they received at least one dose in Grad&l®ough eligible girls may receive
the vaccine at their public health unit or in a gbian’s office, the vast majority are
immunized at school. All doses of the HPV vaccinegardless of the location of
vaccination, are documented in the Immunization dRédnformation System (IRIS)

database. Approximately 84,000 girls are eligfbkethis program each yeér.

Study design and population

We identified a retrospective cohort of girls dbigi for Ontario’s Grade 8 school-based
HPV immunization program between 2007 and 2011guie province’s administrative
health records. As a girl's grade was not avadlablthese data holdings, birth cohorts
were used to identify the eligible population. déigls entering Grade 8 typically turn
thirteen by December 8Df their Grade 8 year, those born in 1994, 199861and 1997
would have been in Grade 8 in September 2007, 220@), and 2010 respectively, and
would have been eligible for the corresponding ‘gegaccination program. Although
this approach could miss girls who skip or fail @dg, a re-abstraction study of a
medium-sized health unit demonstrated that thé lowhort definition correctly identified
96.4% of eligible girlé. Girls whose immunization records were not avadadilthe time
of the analysis (i.e., data not yet transferrednfriheir health unit for record linkage)
were excluded from the cohort. Cohort members vigliewed from September®1of

their Grade 8 year until their date of death or dha31, 2011 (study end).
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Data sources and record linkage

Four administrative health databases were usetthistudy: (1) the Registered Persons’
Database (RPDB) to identify the birth cohorts ardam information on the socio-
demographic characteristics of cohort members,tt{2) Discharge Abstract Database
(CIHI-DAD) for dates of hospital admissions andatliarge diagnoses coded using the
International Classification of Diseases, Ninth drehth Revision (ICD-9 and ICD-10),
(3) the National Ambulatory Care Reporting SysteNACRS) for information on
emergency department visit dates and diagnosesiamieg ICD-9 and ICD-10, and (4)
the Ontario Health Insurance Plan (OHIP) for infation on fee-for-service claims
submitted by physicians including service dates diaginoses captured using a three-
digit version of the ICD-9. These databases argimoously updated with data from the
province’s universal health insurance programscaardbe accessed through the Institute
for Clinical Evaluative Sciences’ (ICES) satellimit located at Queen’s University.
Described elsewhere in detdit® these databases have been used extensivelylth hea
research. Each Ontario resident covered by th&PQitan is represented by a unique
encrypted identifier that enables complete recorklae at the level of the individual

across databases and time.

To obtain cohort members’ immunization historie® uwsed the Immunization Record
Information System (IRIS) database that was dewsldpy the Ministry of Health and
Long-Term Care (MOHLTC) to assist the province’s I3&alth units in tracking and

recording immunizations of school-aged children dadaed under thémmunization of
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School Pupils Act (1982)his database is also used to document as tkgtex optional
vaccines. The IRIS database contains records ctineaname and lot number, as well
as vaccination date. This database has been stwoagcturately capture information on
HPV vaccination with a sensitivity of 99.8% (95%: ®B.3 - 99.9) and specificity of

97.7% (95% Cl: 96.3 - 98.7.

We also used data from the 2006 Canadian Censdsesiribe the social and material
characteristics of the health unit in which a gimd her parents or guardian resided. The
Canada Census is a mandatory, self-reported swwoagucted every five years by
Statistics Canada to enumerate the citizens of ¢himtry and to provide a socio-
demographic portrait of the Canadian population.he TCensus captures socio-

demographic information for different levels of geaphy, such as the health utfit.

HPV vaccination status

In this study, the HPV vaccination status of eligibirls was the outcome of interest, and
was identified by record linking cohort membershnibe IRIS database. A girl was
classified as ‘vaccinated’ if she received at least of the three recommended doses of

the HPV vaccine, otherwise she was considered toimated’.

Individual-level characteristics
We determined the socio-demographic characterjst@mscination history, medical and

health care utilization history of each cohort memising the administrative health and
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immunization databases previously described. TRBEBRwas used to obtain information
on date of birth, sex, neighbourhood income quentdnd urbanicity at cohort entry.

Neighbourhood income was obtained through recaikhlie of a girl's postal code with

the 2006 Canadian Census, and categorized intangial quintiles. Postal codes were
also used to determine whether people lived inl mrairban areas. In accordance with
the Statistics Canada classification system, angdispopulation concentrations greater
than 1,000 people and a population density of @&tld00 people per square kilometre,

were considered urban, while areas outside thdsaidtions were classified as rurdl.

Vaccination history was derived from the IRIS daisd and included immunizations
received from birth to cohort entry. The optionateines that were considered included
hepatitis B and meningococcal C since these areremffin grade 7, and mandatory
vaccines included the measles, mumps, rubella (MiEine, and the diphtheria, polio,
and tetanus immunizations. Vaccination historytipalarly with optional vaccines, was

used as a proxy for parental beliefs and attittdesrds immunizations in general.

The medical and health services utilization hig®rof cohort members were assessed
between birth and cohort entry using the physicgarvices (OHIP), emergency
department visits (NACRS) and hospitalizations (EDAD) databases. The medical
conditions considered included those resultingreggdient contact with the health care
system, and those serious enough to potentialgcathe decision to vaccinate against

HPV (e.g., autoimmune disorders, cancer, congengabmalies, heart disease,
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neurological diseases). Health services utilizatiocluded the number of outpatient
physician visits, emergency department visits, haspdmissions, and in-patient length
of stay prior to cohort entry. History of healtbrgces utilization was used as an

indicator of health status and of the propensityde the health care system.

Characteristics of the health units

We also extracted data from the 2006 Canadian Gensuthe social and material
characteristics of the health units within whicthod members resided at cohort entry
(Appendix B). Since health units are responsibletifie administration and delivery of
the HPV immunization program in Ontario, the heaitfit was chosen as the community
(ecologic) level of interest for this study. Fa&ch health unit, we derived the percentage
of residents with the social and material charastierof interest (e.g., percentage of
single-parent families, the percentage of residemt® are separated, divorced or
widowed, the percentage of persons with no higlosictiploma or with a low level of
education). We used information from the 2006 Cenasl this represented the most
recent data available at the time of our analgssyell as a time period preceding cohort
entry (i.e., prior to the decision to vaccinatelurther, visible minority groups and
Aboriginal people have been identified as facingquea challenges or barriers in
obtaining the HPV vaccif&?® however, we did not include these characteristiche
analysis. In the ecological model of the first msaript, these variables were highly
correlated with the deprivation index and may netibdependent predictors of non-

uptake.
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An index ofarea deprivationencompassing both social and material charadtsrief
individual health units was developed to reduce létge number of highly correlated
indicators of social and material deprivation; @ad@duction technique was used given
the limited number of health units contributingthe analysis (n=21). This index afea
deprivationwas modelled after the Pampalon index of socidl material deprivatiof’
and was derived using principal component an&¥sisThis approach reduced the
dimensionality of the health unit-level charactécis available from the census datale
modelled the same six social and material factsrdhase included in the Pampalon
index (Appendix B) but only five of them loaded a£omponent/dimension. Based on
the factor loadings of each of the five indicatmiduded in ouarea deprivationndex, a
score was created for each health unit and categbiinto quartiles from lowest to
highest deprivation. The percentage of single-gafamilies, the factor that in the
original Pampalon index loaded as a social fadt@aged alone onto the second factor in
our analysis. Single parents was not consideretiignstudy as it was shown to have

minimal influence on vaccine decision-making in fingt manuscript.

STATISTICAL ANALYSIS

We used generalized estimating equations (GEE) dentify the individual-level
determinants of HPV vaccine refusal (i.e., non-k@tawhile accounting for the
characteristics of the health unit in which eligilldirls and their parents or guardians

resided. The GEE model accounted for the correlativroduced by the clustering of
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individuals within health units while estimatingettpopulation average effect of the
determinants of interest (i.e., exposures) on thteame (i.e., non-uptake). Since the
outcome is binary (vaccinated. unvaccinated) and the correlation between subjacts
health units is assumed to be equal, we used GEEanbgit link and an exchangeable
correlation structure. In these models, the charmtics of the health unit were

attributed to the girl (unit of analysis).

Health service utilization data were continuous asicewed, and therefore were
categorized in a way that captured distinct growis lower and higher intensity of
utilization. Backward selection was performed orfGBRE model that included both
individual- and health unit -level variables usiagsignificance threshold of 0.1 for

variable retention.

RESULTS

Based on birth year, we identified 144,047 qirlggible for Ontario’s school-based

vaccination program between 2007-08 and 2010-1th wimean age of 13.2 years at
cohort entry (range 12.7 and 13.7 years). Ovedl3% (n=71,048) refused HPV

immunization, and non-uptake varied from a low df886 (95% CI: 40.2-43.5) to a high

of 60.3% (95% CI: 59.4-61.2) during the study peror the health units represented in

this study.
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The prevalence of non-uptake of the HPV vaccine siaslar across neighbourhood
income quintiles and urban/rural status indicatmgy gradient in vaccine refusal by
neighbourhood affluence or place of residenteble 5-). With the exception of

frequency of contact with a general practitioned anhistory of autism and Down’s
Syndrome, the prevalence of non-uptake was alstasiacross various frequencies of
health services utilization and according to a’girhedical history. Non-uptake was
highest among girls who had also refused immuramatiith mandatory and/or optional
vaccines (78.8% and 69.4%, respectively), and angigywith the lowest frequency of
contact with a general practitioner (55.3%). Ténxeel of social and material deprivation
was weakly associated with vaccination decisionin@kalthough lower odds of non-

uptake was observed for the fourth quartile ofares deprivation index.

The individual-level characteristics that were sygly associated with vaccine non-
uptake included immunization history, frequencyiits to a general practitioner, and
medical history Table 5-3. Refusal of HPV immunization was common amongséh

who opted out of optional vaccines and mandatoocives in the past (OR=3.96; 95%
Cl 3.87, 4.05, and OR=2.23; 95% CI 2.07, 2.40, eespely), and was also common
among girls with the fewest contacts with their gm@h practitioner compared to those
with the highest number of contacts (OR=1.45; 95P4.35, 1.55). A history of autism

was a strong predictor of non-uptake (OR=1.60; 95%.34, 1.90), as was a history of

Down’s syndrome (OR=1.37; 95% CI 1.16, 1.63).
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The social and material deprivation characteristice health units within which a girl
and her parents or guardians resided were weakngasnts of HPV vaccination status.
The highest level of deprivation (quartile four tbe index) was associated with lower
odds of non-uptake compared to areas with the lovesgl of deprivation (OR=0.82;
95% CI 0.79, 0.86). Despite this, the absolutéedthce in non-uptake between the

lowest and highest quartiles was only 3.4%.
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Table 5-1Prevalence of non-uptake of the HPV vaccine acconay to individual- and
health unit-level characteristics of Grade 8 girlseligible for the Ontario HPV

vaccination program

Baseline characteristics Number with HPV vaccine non-
characteristic uptake (%)
Individual-level characteristics
Socio-demographics
Neighbourhood income quintile
' (Lowest income) 21,357 51.6
2¢ 25,689 47.3
3Y(Reference) 30,823 46.2
4" 32,495 48.3
5" (Highest income) 30,803 49.7
Missing 2,880 92.1
Place of residence
Urban (reference) 122,746 49.6
Rural 21,301 47.9
Vaccination history
Refusal of mandatory vaccinés
No (reference) 139,887 48.5
Yes 4,160 78.8
Refusal of optional vaccines*
No (reference) 83,600 34.8
Yes 60,447 69.4
Health services utilization
Frequency of hospitalizations
Low (<=1) (reference) 110,167 48.3
Medium (2-4) 29,350 49.5
High (>=4) 4,530 52.6
Length of inpatient hospital stay’
Low (<=2) (reference) 103,292 49.8
Medium (3-11) 38,359 48.1
High (>=11) 2,396 47.4

Frequency of emergency department
visits®
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Low (0) (reference) 48,413

Medium (1-4) 69,796
Medium-high (5-12) 21,229
High (>=13) 4,609

Frequency of outpatient physician
visits®

Low (<=42) 36,861
Medium (43-116) 74,797
Medium-high (117-206) 26,794
High (>=207) (reference) 5,595

Medical history"

Congenital anomalies

No (reference) 139,324

Yes 4,723
Viral diseases

No (reference) 48,977

Yes 95,070
Heart disease

No (reference) 117,427

Yes 26,620
Obesity

No (reference) 137,783

Yes 6,264
Autism

No (reference) 143,448

Yes 599
Mental disorders

No (reference) 99,459

Yes 44,588
Neurological diseases

No (reference) 131,075

Yes 12,972
Down’s syndrome

No (reference) 143,408

Yes 639

Musculoskeletal disorders
No (reference) 95,377
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50.7
48.9
47.9
47.3

55.3
47.9
46.1
44.4

49.3
50.2

52.4
47.8

49.5
48.5

49.5
45.0

49.3
64.3

49.2
49.5

49.3
49.7

49.3
60.6

50.2



Yes 48,670 47.5

Lung disease

No (reference) 80,797 50.4

Yes 63,250 48.0
Endocrine disease

No (reference) 138,578 49.3

Yes 5,469 49.0
Benign neoplasm

No (reference) 130,398 49.5

Yes 13,649 47.7
Cancer

No (reference) 141,556 49.3

Yes 2,491 49.3
Malnutrition

No (reference) 137,489 49.4

Yes 6,558 47.2
Immune system disorders

No (reference) 43,173 52.5

Yes 100,874 48.0

Health unit-level characteristics

Index of area deprivation (quartiles)

1 (lowest level of deprivation) (ref.) 93,093 49.8
2 21,249 48.9
3¢ 18,482 49.2
4" (highest level of deprivation) 11,223 46.4

" Ascertained prior to the start of eligibility fdré Ontario HPV vaccination program (cohort entry).

¥ Mandatory vaccines assessed included measles, mumbetia, tetanus, diphtheria, polio.

’ Optional vaccines assessed included hepatitis Bingecoccal C.

$ Ascertained anytime prior to the start of eligifyifior the Ontario HPV vaccination program (cohort
entry). Categories based on the frequencyibligion of each factor.

T Ascertained anytime prior to the start of eliiipifor the Ontario HPV vaccination program (cohor
entry).
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Table 5-2 Determinants of non-uptake of HPV immunization: crude and adjusted
odds ratios for individual- and health unit-level daracteristics

Characteristic

Crude

Adjusted

Individual-level characteristics

Neighbourhood income quintile
7' (lowest income)
210
39 (reference)
h

5" (highest income)
Missing

Health services utilization

Frequency of emergency department visifs
Low (0) (reference)

Medium (1-4)

Medium-high (5-12)

High (>=13)

Frequency of hospitalizations

Low (<=1) (reference)

Medium (2-4)

High (>=4)

Frequency of outpatient physician visit$
Low (<=42)

Medium (43-116)

Medium-high (117-206)

High (>=207) (reference)

Immunization history

Refusal of mandatory vaccines
No (reference)
Yes

Refusal of optional vaccines
No (reference)
Yes

Medical history"

Congenital anomalies
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1.24 (1.20, 1.29)
1.04 (1.01, 1.08)
1.00
1.09 (1.05, 1.12)

1.15 (1.11, 1.18)

13.53 (11.80,
15.52)

1.00
0.93 (0.91, 0.95)
0.89 (0.87, 0.92)
0.87 (0.82, 0.93)

1.00
0.95 (0.93, 0.98)
1.13 (1.07, 1.20)

1.55 (1.46, 1.64)
1.15 (1.09, 1.22)
1.07 (1.01, 1.14)
1.00

1.00
3.95 (3.66, 4.26)

1.00
4.25 (4.16, 4.35)

1.13 (1.09, 1.17

1.01 (0.98, 1.05)
1.00
1.12 (1.08, 1.15)

1.21 (1.1Z5).

7.18 (6.30, 8.20)

1.00
1.03 (1.01, 1.06)
1.02 (0.986)

0.99 (0.93, 1.06)

1.00
0.94 (0.91, 0.97)
0.96 (0.90, 1.03)

1.45 (1.35, 1.55)
1.24 (1.17, 1.32)
1.12 (1.049)
1.00

1.00
2.23 (2.07, 2.40)

1.00
3.96 (3.87, 4.05)



No (reference)
Yes

Viral diseases
No (reference)
Yes

Heart disease
No (reference)
Yes

Obesity

Low (reference)

High'

Autism
No (reference)
Yes

Mental disorders
No (reference)
Yes

Neurological diseases

No (reference)
Yes

Down’s syndrome

No (reference)
Yes

1.00
1.04 (0.98, 1.10)

1.00
0.83 (0.81, 0.85)

1.00
0.96 (0.93, 0.98)

1.00
0.83 (0.79, 0.88)

1.00
1.85 (1.57, 2.19)

1.00
1.01 (0.99, 1.04)

1.00
1.01 (0.98, 1.05)

1.00
1.58 (1.35, 1.85)

1.00
1.03 (0.97, 1.10)

1.00
0.96 (0.94, 0.99)

1.00
1.03 (1.00, 1.06)

1.00
0.87 (0.83, 0.92)

1.00
1.60 (1.34, 1.90)

1.00
1.04 (1.01, 1.07)

1.00
1.06 (1.02, 1.10)

1.00
1.37 (1.16, 1.63)

Health unit-level characteristics

Index of area deprivation (quartiles)

1* (lowest level of deprivation) (reference) 1.00 oQ..
2 0.97 (0.94,0.99) 1.02 (0.99, 1.06)
3 0.98 (0.95,1.01)  1.01 (0.97, 1.05)

4" (highest level of deprivation) 0.87 (0.84, 0.91) .8D(0.79, 0.86)

" Ascertained prior to the start of eligibility fohe Ontario HPV vaccination program (cohort entry);

adjusted for all other factors listed in the table

i Mandatory vaccines assessed included measles, mumbetia, tetanus, diphtheria, polio.

’ Optional vaccines assessed included hepatitis Bingecoccal C.

8 Ascertained anytime prior to the start of eligiyilior the Ontario HPV vaccination program (cohort
entry). Categories based on the frequencyibligion of each factor.

T Ascertained anytime prior to the start of elifjipifor the Ontario HPV vaccination program (cotor

entry).
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DISCUSSION

Our findings indicate that between 2007-08 and 2D1049.3% of adolescent girls
refused HPV vaccination. Non-initiation of the HRMccine was influenced by prior
diagnoses of autism or Down’s syndrome, and infeatjgontact with a physician. Other
factors found to be weakly associated with nonkgtacluded the social and material
characteristics of the health unit; namely, theelenf area deprivation. We did not find
disparities commonly reported in the literafiiré such as higher vaccination levels for
girls living in urban regions in comparison withratiareas. In fact, there appeared to be
greater acceptance of the HPV vaccine for girlalneg in health units with higher levels

of social and material deprivation.

The low overall coverage of this free vaccine cowflect missed opportunities to
administer it in the medical setting. Parents haeen shown to be reluctant to consent
to the vaccination of young children ages 11-13ryead oftentimes prefer delaying
immunization until children are old&®?' Studies have consistently indicated that an
important determinant of caregiver consent forki/ vaccine is receiving a physician

ﬁ,20,21

recommendatio However, it appears that physicians may shandasi beliefs as

parents, and some may not perceive their patiente tat risk for HPV infection&?*%*
Physician reluctance to administer immunization aid discuss sexuality-related

concerns with younger girls may be problematic gitleat almost a third of females are

sexually active by grade?3.
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The strong association between a diagnosis of Dewghdrome and a diagnosis of
autism and refusal of the HPV vaccine suggestsptiesible presence of vaccination-
related concerns among parents of children affebiedhese diseases. Despite the
favourable safety findings of premarketing triafstee HPV vacciné®>? post-marketing
reports of serious adverse events following HPV unimation may have instigated
concern among caregivers regarding the safety iefuaaiccine. However, we did not
observe a strong association between non-uptaketard medical conditions. This may
suggest the existence of alternative explanationthe low uptake of the HPV vaccine in

this population.

The increasing number of persons with intellecarad developmental disabilities living
in the community rather than in institutions, hasreéased public awareness regarding the
sexual and reproductive health of this populafitif. In addition, there is growing
recognition of the need for the development of Eded education programs and health
services to meet the needs of this populatigfi. Although intellectual disability (ID)
requires specialized support in relation to seyuafinsmitted infection (STI) prevention
and sexual abuse, research has shown that addtesa#dnintellectual impairments lack
information in such areds3* Children with special needs are increasingly ¢pein
mainstreamed into regular school programs. Thscaombination with the lack of
sexuality content in school curricula, limited adsoy for sex education by public policy
developers, and parental hesitancy in discussirgasematters with their ID offspring

contribute to the dearth of information providedthis group>3* Adolescents with
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special needs have knowledge gaps regarding séeadth, notwithstanding that they
report similar age of onset and rates of sexudligctas their typically developing
peers’®3* The absence of STI information developed for anthmunicated to these
children by educators and parents reinforces misuions about people with
disabilities>*3* As such, caregivers may perceive that HPV immatitn is not
necessary for this vulnerable population. Altewelti, the low uptake by this population
may be explained by access barriers for thosediwn group or foster homes, or a
shifting of medical priorities given the competidgmands of looking after an adolescent
with an intellectual and developmental disabilithe low uptake could also reflect the
residual negative impact of the autism and MMR waecscare that has since been
refuted®® Future research should focus on identifying tietdrs contributing to the low

uptake of HPV vaccination among children who hawtsan or Down’s syndrome, and

potentially target outreach efforts to this group.

Given the publicly-funded school-based nature ef@anadian HPV vaccine program, it
is not surprising that refusal of immunization i study was minimally influenced by

the level of health unit deprivation.

In contrast with studies conducted in the Unitedté&¥, our results further suggest that
girls living in a region with a high level of sotiand material deprivation may be more

likely to receive the HPV vaccine than those living areas with a low level of
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deprivation. Our findings highlight the importanaeoffering the HPV vaccine through

publicly-funded school-based programs that remoaaynof the barriers to access.

Refusal of HPV vaccination was also very low amdimgse who received optional and
mandatory vaccinations in the past, such as hep&itand MMR. This finding is

consistent with that of previous research on fliccimation®® Moreover, analyses
conducted in the Netherlands showed that girls vdoeived the MMR vaccine in the
past were over six times more likely to accept HRWhunization in comparison with

girls who did not report MMR vaccinatioi.

Our study has a number of limitations that needédoconsidered. First, the factors
available for analysis were restricted to thosdwag by administrative health databases
and the Canadian Census; thus, residual confoundhiag have been introduced if
important determinants, such as psychosocial ctersiics, were not included in the
analysis. In addition, we do not know whether léaeel of health unit deprivation that
was identified as a possible determinant of vaceiceeptance would have remained in
the final model if we had had the correspondingrimfation at the level of the individual.
As such, area deprivation may be a proxy for tlaustof individuals rather than an
independent measure of the environment within whids and their parents or guardians
reside. Furthermore, misclassification may hawenlkatroduced through the use of large
ecologic units (i.e. health unit), as these may acturately represent the proximal

community within which the girls and their caregiweeside. Therefore, future studies
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should address this issue by using smaller spatisblutions such as the city or
neighbourhood. Second, the diagnostic codes wsestablish medical histories have not
yet been validated, particularly for an adolesceopulation; nevertheless, these
databases have been extensively used in medicamdemiologic research including to
create disease coholfs'® Third, we made inferences about individuals frongragate
data, notwithstanding that people may be diffesdiytaffected by characteristics of their
environment. Consequently, additional studiedeféffects of the living environment on
HPV vaccine non-uptake that also includes thisrimftion at the level of the individual
are now indicated. A similar argument can be nfadéhe use of neighbourhood income
as a proxy for household income. However, we exigesee minimal differences, if any,
on uptake if individual-level income data is usedtihe context of a publicly-funded
program where financial barriers have, for the nmuett, been removed. Finally, our

results may not be generalizable to other age groupurisdictions.

Our study provides new and important insights weards to where to focus future
efforts to improve HPV vaccine uptake that have ywit been considered in previous
studies. Caregivers of adolescents with autism owrDs syndrome deserve special
attention given that this young population sub-gras associated with low vaccine
acceptability but is at disproportionately higheskrfor STIs and cervical cancer.
Consideration should be given to offering the HPAtaine through publicly-funded,
school-based immunization programs as an effectigans of addressing the social and

economic inequities reported by others. In addjtigiven the important influence that
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physicians have on caregiver attitudes and behesjiothey should seek every
opportunity to discuss HPV-related concerns, theebts and the risks of the HPV

vaccine with those who can benefit from HPV immuaitian.
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Chapter 6

GENERAL DISCUSSION

6.1 Introduction

Guidelines by the Society of Obstetricians and @go#ogists of Canada recommend
administering the HPV vaccine to 11-13 year oldsgin provide protection against HPV-
related cancers and genital warts. Evidence freyaa clinical trials showed that HPV
immunization is safe and effective in cohorts cstisg primarily of healthy adolescent
females™® Each year, the Ontario Ministry of Health and géFerm Care invests
approximately $39M to fund a free vaccination pesgroffered to grade 8 girls through
school clinics* Despite this, uptake in Ontario remains well bethe national target of
80% set by the National Advisory Committee on Imimation (NACI). Concerted
efforts have been made to increase acceptabilitthfe vaccine, however available data
do not indicate improvements in HPV vaccine coverag Canadian provinces.
Furthermore, HPV immunization levels in Canada (58%6 in most province¥) pale

in comparison to other western countries, such agladad and Australia where
approximately 80% of 11-12 year old girls have iaéd the 3 dose regiméh*
Without further efforts to identify the unique clealges associated with the high levels of
refusal of the HPV vaccine in the Canadian conteptake will continue to remain well
below the national targét. To provide detailed insight into the determinamssociated
with refusal of school-based HPV immunization, veeight to characterize individual-

and health-unit-level characteristics among gradeI8 from 2007-08 to 2010-11.
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6.2 Main findings

The first objective was to identify the prevalemméenon-uptake by public health unit and
by program roll-out year, as well as the healtht-ievel factors that influenced non-
uptake of the HPV vaccine in Ontario over four gearhis was the first Canadian study
to describe the possible influence of contextuarabteristics at the level of the public
health unit on vaccine acceptability. The highegds of vaccination refusal appeared to
be during the first year of the program for the aniéy of Ontario health units, however a
downward trend in non-uptake was observed themreaftdhere were significant
differences in non-uptake across the province @41.8 60.3%) during this time,
suggesting that health-unit characteristics maylypaxplain differences in vaccination
refusal. Indeed, high health unit percentage obriginal people was associated with
non-uptake, while high deprivation levels and higigional percentages of visible

minorities were associated with high vaccine acdapty.

The second objective was to identify the individuahd ecologic-level determinants of
non-uptake of HPV immunization. It provided novekights into the influence of
medical history and intensity of health care uditian on vaccination refusal, while
taking into consideration the effect that the cwhtean have on personal decision-
making. Results showed that low health care atilin, refusal of mandatory and other
optional vaccines, as well as previous diagnosdeb development disorders such as
autism or Down’s syndrome were strongly associat@t non-uptake. The odds of
refusing immunization increased for those reportlegs contact with the medical
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establishment. In other words, higher health seruse, particularly GP consultations,

was associated with greater vaccine acceptability.

In this thesis, proxies were used to measure Beheld attitudes in relation to HPV
vaccination. Individuals who opted out of mandgtor optional immunizations in the
past were significantly more likely to refuse thB\Hvaccine in Grade 8. Interestingly,
health-unit level characteristics remained impdrtiterminants and were independently
associated with non-uptake even after adjusting ifalividual-level characteristics.
Similar to the first manuscript, higher levels ohtextual deprivation and higher regional
percentages of visible minorities were associatéti Wower odds of therapy refusal,

while greater regional percentages of Aboriginaipe resulted in lower uptake.

6.3 Results in the context of evidence

Community characteristics can influence health behas independently of individual-
level factors, such as age, socio-economic posiaad gender. Several studies suggest
residential context as a key determinant of heb&haviours, whereby environmental
constraints or opportunities to engage in particaletions are created through social
processes such as social norms, psychosocial ,stra$snedia advertising. In addition,
political and administrative policies and regulasacan impact decision-making, such as
school-entry vaccination requiremeht€® Some health behaviours are more sensitive
to environmental contexts above and beyond theienfie of personal characteristics.
This has been elucidated through studies on flgigaton, whereby lower vaccination

rates have consistently been reported for poor@nuanities in the United Statés.
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This is in contrast to the results from both theseuscripts that suggested high levels of
regional deprivation were associated with lowersodfinon-uptake of the HPV vaccine.
It is possible that people living in more deprivaceas may not go through the same
decision-making processes as their more affluenineoparts, and HPV-related
promotional activity may have had more successoworgr regions. The literature shows
that individuals of lower socio-economic status $$Hely on different sources of
medical information than higher SES grodpsA cross-sectional study of caregivers
living in British Columbia during 2008-09 showedhthighly educated groups reported
sophisticated data collection and information pssogy and were more likely to have
access to the Internet as well as other forms afianthan those who reported lower
educational attainment. Access to online souréesformation may also translate into
opportunities to peruse Web-sites with contradictorformation. Highly educated
parents reported distrust of the medical commuaity perceived that they were able to
process clinical data in the absence of assistanoe health care practitioners. This
unique group had concerns regarding vaccine sdietigved they did not have sufficient
information or time to make an informed decisiond gerceived that they were better
equipped to make immunization decisions for thaitdcen than the GP. It is possible
that they may prefer delaying the vaccination ogirthdaughters until later ages,
particularly as they would have the means to pweh# Therefore, if regional
deprivation is a proxy for individual-level socicemomic status, it follows that

caregivers living in deprived areas may be morelyiko rely on mainstream information
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delivered by special interest groups or industrgrsored campaigns than caregivers

living in more affluent health units.

Although financial and healthcare barriers are msséy removed in a publicly-funded
context, results showed that Aboriginal ethnicgynained an independent determinant of
non-uptake in a model that included health-unielevariables (although the absolute
difference in non-uptake between areas with higd &w regional proportions of
Aboriginal people was very small). Several studreficate that Aboriginal people in
Canada are at a higher risk of developing and diyommg HPV-related disease than other
groups. Aboriginal people are also less likelyutedergo routine Pap screening in
comparison with non-Aboriginal people. Factorshsas, cultural differences, access
barriers, and lack of awareness and knowledge aheutportance of HPV prevention
strategies contribute to this issti&® Distance from large population centres is also
important in predicting health service use amongjgenous groups: 49.7% of Inuit,
6.8% of Métis, 9.2% of First Nations, and 1.3% oh#Aboriginal people live at least
400 Km from a hospital, and the odds of visitinghgsician in the past year is 0.47 (95%
Cl: 0.35-0.64) if an individual lives more than 48@n from the hospital compared to
someone who lives within 50 Km of a hospftalAfter controlling for distance to health
care facility and region of residence, Inuit peogie still significantly less likely to have
visited a physician in the previous year in comgari with non-Aboriginal individuals.

Further research is needed to elucidate the redsptise low uptake in this group, and to
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determine if targeted interventions are necessarindrease HPV-related knowledge,

acceptance, or accessibility.

In our study, previous diagnoses of autism and Dewayndrome were important
predictors of HPV vaccine refusal. Since parents the key decision makers in
vaccination behaviour, there is evidence to sugtiestcaregivers with physically and
mentally disabled children perceive STI therapissuanecessary for their offspring.
Recent published studies indicate that caregivéryoong people with intellectual
disability (ID) may have negative attitudes or wahistic beliefs in relation to their
children’s sexualityy’ In comparison with parents of young people whe kealthy,
caregivers of children with ID are often unaware perceive their child to be
disinterested in sexual behaviour, and furtherelvelithat discussing sexual matters with
their child may lead to inappropriate actions. atidition, mothers of children with ID
may prefer to discuss sexual health issues atea #afe in adolescence and attach less
importance to educating their offspring about séyumansmitted infections. Even
caregivers who are more accepting of the sexualitpffspring with developmental
disorders, parental awareness is oftentimes noslated into action. Although mothers
perceive daughters with ID to be at higher riskdexual abuse than typically developing
children, they are more cautious when discussinmaity with this groug”=° This
issue needs to be addressed. Research has staiyweothpared to healthier individuals,
girls with long-term health problems or physicadabilities are almost twice as likely to

experience sexual violence, and are at high riskaémuiring STIs including HPV. If
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caregivers believe grade 8 children with autisnbown’s syndrome are not yet ready to
learn about sexual health, it is not surprising tHRV vaccination coverage is lower in
this group. As children with physical or mentablplems are increasingly mainstreamed,
it is important that school health workers and audstiators are aware of the
vulnerabilities of these children, and that HPV mational materials are adapted to the

needs of this group.

Caregivers with ID children may perceive negatittéuades from others regarding their
child’s developmental disability, and may beliefiattother parents with healthy children
do not understand the unique challenges associaitrd caring for individuals with
Down’s syndrome or autisai*® This is why the former group of parents oftenorep
fewer social networks than caregivers with typigcatleveloping adolescents. This
presents an optimal opportunity for health cardgasionals to discuss such issues in the
medical setting and to address the sexuality-reélatencerns of parents who have

children living with disabilities.

Given that parental consent is generally required HPV immunization, caregiver
beliefs, attitudes, and behaviours need to be takenconsideration when designing
routine vaccination programs. Despite the relétiiew level of knowledge that
American caregivers appear to have regarding HRVcarvical cancer, many responded
favourably when the program was initiated. Surveliswed that parents who were

supportive of vaccinations and perceived HPV imrration to be safe were also more
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likely to consent to its administratidfi>® Indeed, the second manuscript suggested that
girls who reported history of optional vaccinatiagainst hepatitis B and meningococcal
C were significantly more likely to receive the sohbased HPV vaccine. Insights into
personal beliefs towards the HPV vaccine offer pigdy modifiable targets for

interventions.

Cross-sectional surveys of caregivers living inb&ma* and North Carolin¥ revealed

that the single most important factor associateth WPV vaccination consent was
receiving a physician recommendation. This undeexthe impact that primary care
physicians have on parental vaccination decisiokimgaand in addressing concerns

about benefits and harms related to immunizatidmegdthy as well as disabled children.

6.4 Strengths and Limitations

6.4.1Selection bias

This thesis has many strengths including the us@apiulation-based administrative
databases. Although selection bias may be a thecedhe validity of cohort study
findings, the use of population-based databasesrethghat the target population was
available for analysis. The birth cohort definiticmay exclude a small percentage of
eligible participants, particularly those held bawmkadvanced in school. However, this
definition has recently been validated in a re4ags$ion study using Kingston, Frontenac,
Lennox and Addington Public Health (KFL&A) data ahds been found to correctly
identify 96.4% of eligible grade 8 girfs. There was no association between being

missed by the birth cohort definition and vaccioatstatus.
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Loss to follow-up may have occurred if individuatsgrated to regions not captured by
the 21 out of 36 IRIS databases (however this effeexpected to have had a negligible

impact on the results).

6.4.2Validation of the IRIS database

Data on HPV vaccination in the IRIS data holding b& considered accurate. A recent
re-abstraction study of the KFLA IRIS database stwbwhat HPV vaccination status is
captured with a sensitivity of 99.8% (95% CI: 9929) and a specificity of 97.7% (95%
Cl: 96.3-98.9), and vaccination date is estimatedé¢ 98.6% accuraté> Under the
mandate of the Immunization of School Pupils A&82), health units are legally bound
to track and record immunizations; therefore, ieigpected that other health units in
Ontario record vaccination information into IRIStlvia similarly high validity and

accuracy.

6.4.3Misclassification

People who obtained care outside of Ontario origafe facilities prior to cohort entry

may have incomplete clinical information in provelc data holdings, thereby
introducing misclassification. Hence, the effetthe intensity of health care utilization
on HPV vaccine non-uptake may be under-estimatedjifts with incomplete medical

information. This type of non-differential misctifscation is expected to occur to the
same extent in groups who did/ did not receiveHR& vaccine. Non-differential miss-
classification may bias the odds ratios towardsilie
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In addition, many of the diagnostic codes that wesed to establish medical histories
have not yet been validated, thus adding anothesiple source of misclassification bias.
The code could represent a misdiagnosis or misgotiowever it is expected that such
errors would occur equally in HPV vaccinated and-maccinated groups, regardless of
the clinical profile or personal characteristics sfudy subjects. Therefore, any
misclassification would be non-differential, biagithe odds ratios towards the null and

underestimating the strengths of the associations.

6.4.4Residual confounding

The variables available for analysis were restiict® those captured by the
administrative databases. Residual confounding naaxe been introduced if important
determinants, such as psychosocial variables (ewareness and attitudes towards
HPV), were not included. Nevertheless, our stuagtared prior immunization history

that can be regarded as a proxy for parental a@eeptof vaccinations.

6.4.5Ecological fallacy

Ecological fallacy may have been introduced in thiesis in two ways. In the GEE
analysis, each study subject was assigned the atbastics of the health unit that she
resided in, and all exposures of interest were heddagainst an outcome that was
measured at the level of the individual. Assooiaiobserved at the ecological or public

health unit level cannot be translated to the idtial-level. Aggregate group data was

131



used to draw similar inferences when using neightmed income as a proxy for

household income.

6.5 Future research

To better assess the impact of the environment amuptake, future studies should
collect population data at a smaller level of as&lysuch as the dissemination area.
Multi-level modelling may seem an attractive optiaith the use of smaller clusters,

particularly as there would be greater within-aneaogeneity and larger between-area
heterogeneity. However, one should consider tifecwlty in applying such models in

the absence of information on psychological proegesseeded to explain the web of
causality between the context, personal attribatesthe motivation to engage in health-

preventative behaviours.

The assessment of contextual effects can providaile insight into immunization
determinants, however several challenges are atedciwith this approach. The
difficulty in measuring the accumulated effects rafighbourhood environments on
behaviour, and in elucidating behaviours througicpsesocial theoretical frameworks
make the study of contextual effects challenginglso the inability to accurately
determine important social and physical aspects) a8 social control and social capital

limit the analysis and understanding of the contexindividual behaviour.
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6.6 Implications of the results and conclusions

First, compared to parents with healthy childrearegivers with offspring diagnosed
with ID may have different beliefs and attitudes/éods the sexuality of their children.
Since people living with disabilities are at higkkrfor sexual abuse and HPV, it is
important that parents are informed when making umization decisions for others.
Future studies should assess the HPV-related kdgejeawareness, and attitudes of
caregivers with ID children, with stratification gducation status. Highly educated
parents are a unique group with potentially différdecision-making processes than
other segments of the population. They may havierdnt beliefs regarding the
sexuality of children with disabilities than othgarents. Since they are highly influential
in society and often assume leadership flésis important that they are well-informed

about the benefits and harms of the HPV vaccine.

Second, considering the important influence of GRsparental decision-making,
communication between the family physician and pagient related to sexual health
needs to be encouraged. The risks and benefitxiat=d with vaccination, and the
appropriate age of dose initiation need to be bBleaommunicated. Primary care
clinicians also act as advisors to policymakers &edlthcare institutions, therefore
additional training and communication tools maydcée be provided to this group to

facilitate effective discussioni&?’
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Third, to address public skepticism and mistrustemvly-established initiatives, such as
this, support from policy developers and healthgardessionals are needed, as well as
effective partnerships between the health systedhthe media, and the delivery of
accurate information by health workers to commesiti®*”  Comprehensive
communication strategies are needed with messaugesfisally tailored to address the

unique information needs and concerns of specialgg®®*’

Finally, it is worthwhile to conduct additional HP¥accine safety analyses, particularly
on population-representative samples of people diffierent health profiles. This will
provide the evidence base needed to continue maddogination recommendations for

the general population, as well as for vulneraleles healthy sub-groups of females.
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Appendix A

ICD 9, ICD 10-CA, and OHIP Diagnostic Codes

Diagnosis OHIP Code ICD-9 Code ICD-10-CA
Code
Previous Diagnoses
Viral conditions 070, 033, 052, 053,570, 573, 050- B15-B19, BOO-
054, 057, 075, 078, 059 B0O9
079
Cancer 140-209, 180 140-209, 235- C00-C97, D37-
239, C53 D48, C53
In-situ carcinoma and 210-239 210-234 D00-D36
benign lesions
Disorders of the endocrine 243, 244, 245, 250 243, 244, 245, E01.8, EO2, EO3,
system 259 259 EO6, E10-E14,
250 E20-E35
Malnutrition 260-269.9 260-269.9 E40-E46
Obesity 278 278 E66
Autism 299 299 F84.0, F84.1
Down’s syndrome 758 758 Q90
Congenital anomalies 741-746 741-746 Q00-Q07, Q10-
Q18, Q20-Q28
Mental disorders 290 — 299, 300-31290-299, 300- FO0-F99
319
Neurological disorders 320-359 320-359 G00-G09,-G20
G26, G35-G37,
G40, G51.0,
G70,G71.0
Cardiovascular diseases 390-442, 785 390-442, 785 00-RR1, 100-
102, 105-109, 110-
115, 120-125, 126-
128, 130-152, 160-
169, RO0O-RO1
Immune-mediated 477, 691, 708 477,691, 708 J30, L20-L30
disorders
Respiratory diseases 010-011, 486, 76910-018, 480-  A15-A19, J12-
486, 769 J18, J80, P22
Diseases of the 737,739, 781 737,739, 781 M95-M99,

musculoskeletal system

T14.4, M20-M25
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Appendix B

Health unit Statistics Canada Census Social or Included Included in
characteristic | definition material  in the the area
factor original deprivation
Pampalon index?
index?
(Low) Proportion of people aged 13aterial Yes Yes
education level | years and older with no high
school diploma, certificate
or degree
Employment Ratio of individuals 15 yearsMaterial Yes Yes
/population of age and older who are
ratio employed to the total
population 15 years of age
and older
Average Average personal (before  Material Yes Yes
income tax) income of individuals
15 years of age and older
Living alone Proportion of individuals 15 Social Yes Yes
years of age and older living
alone
Separated Proportion of individuals 15 Social Yes Yes
/divorced years of age and older who
/widowed are separated, divorced or
widowed
Single parents | Proportion of lone-parent Social Yes No

families
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